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ABSTRACT
"" -

. , R
® ° The Cb-dicarboxylate transaport system o{ Bscherichia coli K12 is,

reaponsibléhfor the active uptake of suc&id&te, fumarate and malate.
Genetic and biochemjcal evidence has indicated that at least three dis-
» tinct co;ponen:s appear to be ihvolvéd in thts transport process. Two

of these tranoport components are the cytoplaalic membrane-bound succi-

.

nate binding proteins, SBPL and SBP2, which are~coded for by ;he dctB

L4

(16 minutes) and dctA (78 minutes) genes reapect;vely- .Eariy work on

these two transport proteins involvéd théir isolation via aspartate-
. . . -

Sepharose chromatography froam detergent-solubilized cytoplasmic membrane -
veuicies. The impurity of the i;olated dicarboxylaEe ttansport proteins
necessi’tate_d the development of techniques for their f{dentification and

purification. Three affinity techniques were developed that utilized

ES . -

« the recognition of the. transport components’” substrdte binding sites in
' ’
order to identify and enrich the.proteins prior to further purification

steps. These techniques included aspartate-Sepharose affinity chroma-

tography, immunoblotting of cytoplasmic aembrane proteias with suéci-'

>

nate-specific aptiidiotypic antiboatec and photoaffinity labelling of
A ‘ LI ’ .
proteins in isolated membranes and whole cells.—All three techniques

= "

involved a comparison of a uild:fype strain (CBT43) with various dicar=
boxylate transportemutant strains. The original aopattntefSQQhagoie
protoaol ﬁal'op;illzcd in terms of the i;olition, loluhilizatjon and
affinity chro-atography of the cytopl.CIIC msembrane p:oteius. The re;:

sults of [ C]-tuccinatc binding studies with affinity-purtfied pro—

» .
tcin. from .strain CBT63 end affinity ‘chromatography of ttansport—nutant
cytopl.anic membrane. prottiu‘ lusacl:cd :hat a 53K protoin vas a good

ui-,, T, .
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candidnte fbr the‘ SBP2 cransport‘to-pogen:- 'rhe'- 1-\;nob19tt1n'g‘ studies

. A - T LT
employed antiidiotypi; an(ibodioe rais!ﬂ'asil ’}§tic antigen bdbinding site

. ~
of succinate-specific lgc naiecules and agein ilplicsted a S3K proteln
»
ia'the transport ptocesa. Finally, hhotoaifiuity labelling of Hhole
‘.

cells with N-(A-azido-i-nitrophenyl)aspartlc acid suggested that a 47K

protein wmight be iuvolved in dicatboxylaqy ‘transport. Further studies

with dctA and dctB transformants are necessary to confirm the identity

of the 53K protein as a succinate transport component and t3 estabiish

the relationship, if any, betweem the 47K -and 53K proteins.’ J
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- CHAPTER 1 - -

INTRODUCTION

The Structure and Function of Biological Membranes - The study

of cellular substrate transport in iiving organisms involves, in part,

the\

g}udy Qf,the structure and function.of biologicél membranes.
Biological membranes in both procaryotes Qnd eucaryotes are composed
mainly of 1ipid and pretein molecules that form asselective permeability
barrigr which controls the cytoplasmic composition of the living cell
(1,2). Membranes may also contain a sasll gyount of carbopydrate in the
éorn of  glycolipids and glycoproteins. The proportion of pr?tein to
lipid:variea in different membranes, ranging from l:4 in :he-myelin
meabrane 6f the mammalian peripheral nervous system to 4:1 in the inner
nitochéndrial membrane. Phospholipids comstitute the major type of
membrane lipid and membranes differ in the types of phospholipids that
they coatain. 1In general, the proteins are responsible for the various
. , . ‘ A .
membrane £unqt1;ns while the lipids pr;vtde the structural framework in
which tge prptelns éan function ({). fhete is alsoc evidence that the
activity of some: membrane proteins is dependent upon or regulated by am
asnoci:ii&n'wgth specific phoopholipidf (3). Included among the ty;es
of funcéionn -tﬂiatﬁﬁ by membrane proteins are communication betwee; the
cell and its environment by interaction of substances with specific
receptors, energy ;onveroton romgh processes such as respiration and
photosynthesis, bgécynthccll of 11 constituents by various membrane-
bound engzymes and nn;ntenance of the intrac¢11ulaf‘environ-ent by the

- selective transport of np;cific substrates and ifons (1).

The study of biological membranes was revolutionized a decade

1
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. .

ago by the Fluid Mosaic Model proposed by Singer and Nicolson to explain
the bioloéi&hl and physical properties of membranes (4). They en-
visionig the membrate as a lipid bilayer that has var109a.proteins
associated with or embedded in it. The arrangement of the saphipathic
lipids in this‘bilayer is such that thelr hzdrophobic regions interact

>

with each ather in the membrane interior while their hydrophilic head
groups are ex;osed to the aqueous enviromment on either side of the:
membrane. The fluid;ty of thls‘lipid bilayer i{s controlled by th; types
and amounts of its constitugnt lipids. This fluidity, in turn, allows
for the lateral nobility‘aud/of ;onfornational changes of the associated
ne;brane proteins which are necessary for their many functiocas (1).
Membrane proteins can be divided into two broad groups that differ dfr
their degree of ass;ciation with the 1ipid bilayer. Integral or intrin-
"s8ic membrane proteins are embedded in the membrane via their hydrophobic
domains and tﬁey‘eithef span the entire thickness of the membrane or
they are partially ;nbedded in it. These ptoteina can only be released
from the membrane by disrupting the hydrOphobLE interactions of the
lipid bilayer with organic solvents, chaotropic agénts or detergents
(5). In contrast, peripheral or.extrinsic membrane proteins are not - em-
bedded in the membrane matrix. The association of most peripheral pro-
teins with the membrane appears to invﬁlve electrostatic fqd hydrogen,
gonding with the exposed detophilic regions of the integral meabrane
proteins and perhaps glycolipids-(1,5>. f#ele proteins can be released
from the membrane by a change in the ionic strength or pHno( their envi-

roament.

The Grt-—Ncgailve Bacterial Cell Eavelope - The permeability

barrier of gram—negative bacteria, such as Escherichia coli, 1s -qu'
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more coaplex than that oi other procaryotic and euciryotic organisas.
The cell eavelope of these organisas consists ‘of three distinct layers,
an outer membrane, a pep:idoslycdn layer and an inmer cytoplasnlé men—
brane, all of which are visible in electron micrescopic studies (6).
The structure of this cell envelspc is shown schematically in Figure 1.

(1{)The Quter Membrane and Pqptidﬁglycan'Layer -~ The outer meabrane

-

is composed chiefly of lipopolysaccharides, phospholipids and large
amounts of a few species of proteins. The lipopolysaccharides are found
exclusively in the outer leaflet of this membrane and they comprise the

somatic O antigens responsible for the endotoxic activity of E. coli

(7). The two major proteins in the outer membrane are the porins (OmpF

,and OmpC) and the Tull* or OmpA protein (8,9). The former proteins are

. F o
arranged as trimers tha® span the membrane and act as channels for the

ttanaport of small nolecular welight, hydrophilic aubstances. The Tull*

ptotein is a receptor for a number of bacteriophages. Two of the other

proieius in the outer membrane include the ma jor lipoprotein, a struc-
tural protein, and the -LamB protein which serves as a component of the
maltose tragsport system and as the lidmbda bacteriophage receptor (10
11). This lat:er ptotein is induced by growth ;f':he bacteria on nal-
tose. Directly underneath the outer membrane and covalently attached
to some of its proieinl is the‘%eptidoglycan layer. Ihis-lnyer .which
is conponcd of repeating units of N-acetylglucosiamine and N-lcetyi-
auremic acid cross-linked by peptides, maintains thecshape'of the, bac-
terium and plays a role. along ‘with the cytoplasaic hnnbrpne ig the

oolotlc rcgulltion of th; cell (7). It aleo acts as a barrier to -uh;

stances vith molecular weights above 1000 Daltoécn The compartment of

the cell in which this peptidoglycan layer resides is the periplasaic

4
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FPigure I-1. The gram—-negative bacterial cell enwvelope. The ni;ronole-
cular constituents {lipopolysaccharide, phospholipid, peptidoglycan and
protein) of the outer mesbrane, periglasmic space and cytoplasmic mem—

 brane are indicated in this diagram. This figure was reproduced with
permission from T. Lo (59).

A

.




Al e
- \‘ ‘ ' Y ~

') 3 S \‘\ ‘
', id‘.’.“‘iﬁ)

’...)-...

s
.




functions, these two membranes must be separated from each other.

space. The periplasa contains many soluble, hydrolytic enzymes and
ne-brang-derived oligosaccharides, as well as the binding protein com
ponents of vari&ﬁs trangsport systems. The overlying outer membrane
serves to keep these periplasmic constituents within the g;11 (7).

(1i)The Cytoplasmic Membrane - Fimally, the innermost layer of the

gram—negative cell envelope is the cytoplasmic membrane. This meabrane
is analogoué to the phospholipid bilayer ;lasua wenbrame of e;catyotea,
although it contains considera?ly wore protein (70 to 80X versus 50%)
(6). Tﬁis menbrane acts as the true sedective perueabiiity barrier of
the bacterial cell (6;7)‘ Since there are no intracellular membranes in
bacteria, the cytoplasmic membrane contains the cytochromes and enzymes
involved in respiratfon and oxidative phosphorylation, as well as many
integral membrane "permeases” or transport prateins, enzymes and chemo-—
taxis receptors. These cytoplasmic membrane proteins account for 10 to
ZOZ.of the total cellular protein (5). The cytoplasmic and outer mem— ’
branes are assoclated with each other at a number of adhesion zanes
kn&Qn as Bayer?’s junctions that are thought to be important in Pembrane

-

biogenesis (12). 1In order to study their respective structures and .
Techniquqs for their separation include spheroplast formation, in which

the outer--enbrhne_and peptidogiycnn layer are removed from the osmotic-
.

_ailx*prdtected cytoplasmic membrane by a Tris—-EDTA-lysozyme trentn&bt.

- selective detergent solubilizatton Sf the cytoplasmic membrane froa a

total envelopel preparation and ‘sucrose density centrifugation of the

crude envalopeﬂfractibh fi3,}£}. The procedures differ in the increas-

ing efficiency of outer and cytoplasmic membrane separation in the above

L]

order. of preseatstion. ) ' . ‘
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Types of Membrane Transport - The selective transport of

substrates into gram—negative bacteria would be expeéied to require
mechanisas for translocation across all three layers of their cell
envelope. Some substances are able to enter the cell by.passive
diffuiion across the membranes and_periplasnic spaee in tespo;se to.
their concentration gradients. However, the transport of the majority
of metabolites is mediated bf spécific soluble and/or membrane-—bound
protein car;iers, which combine reversibly with their subatfates (7).
The three types of carrier-mediated transport processe; include facili-
tated diffusion, active tra;aport and group tranelocatioﬁ‘(Z}lS). Fa-
cilicated diffusion 1ﬂvolves the thermodynamic movement of a substrate

-

down its concentration gradient and, as such, it does not require addi-

*

tional petabolic energy- In contrast, both active ;ransport and group
translocation require metabolic energy since t-;:éy. result in Lh.e intra—-
cellular sccumulation of a substrate against its electrochemical or os-
motic ;oncentration gradient. Group translocation further involves‘a

chenfcal nod%fication of the substrate during tfansbort. An example of
thi, type of transport system is the phésphoenolﬁyruvate—dependent:sugar
phouphotransfennoiazzsten of E. coli. This sys:en.involvee»three

soluBle proteim?one membrane-bound protein that participate in the

translocation ) "conitant phoophorylation of a nunbet of differeat

SUBATS ACrOSS oplasmic membrane (16).

Active Tranap¢rt Systeas in E. coli - Active tranaport processes

v e

are responsible for the accumulation of many lugarl amino acidn.and

ions 1n E. coli (7\} In. gcncral. the. active transport systems can be
divid.d into two main groups, namely, periplasmic binding protcin—

dependent systems and systems which require only cytoplasmic membrane-



bOund-tran;port)conponenfs (17;18). fhe higdiAS protein-dependent
systeas are sensitive to celd, osgotid*shoqk proéeduren vhich disrupt

the juntefBrity of the outer membrane and release th;‘petiplasnic binding .
ptotefﬁs ftom the cell. In contrast, the bdinding protein—-independent
systené are osmotic shock-resistant anq their activity can'be deman-
strated in energized cytoplasmic ;eibfane vesicles isolated from sphero- .
plasts o{_g;:ggii (15,19). The method of energy coupling to the trans-
port process also appears to be &1fferent in both.typea of systems. The
binding pf&éein—depenﬁeqt systems ptillze ATP or inother-phospho-cqn—
p?uud to dri;e transport while binding.brotein;independent systems rely
on the :ransﬁeybtagé protonmotive force'g;ﬁerated-by the qyt9plasuic
membrane respizatory chﬁin‘(1é);'"fhe-ex$ct nature of tﬁé.enérgy

-

coupling processes 1is not entirely clear for either type'of transport

) ‘ | , .
system. %n the case of the three transport systems fof lactose,’ proline
gbd neIIbidse.th?t are_depengfnt upon the membrane potential for acti-

vity, transport.of their substrates seens:tolinvolve the sﬁuport of hy- .

‘drogen ibns or another cation (sodtum, lithium): in response to the

transmembrane, electrochemical proton étpdiént formed during regpiration

(20,21,22). This type of energy coupling is analogous to the synpof: of

sodiun ions with suéars and amino acids obsetygd in mammalian cells (1).

(1)Binding Protein-Dependent Transport Systems - Some exaaples of
bindidg protein-dependent, activeftranspof; systems in gras—negative
bécteria are the synten;.apeclfic for naltonl.‘glutaihte, leucine-’

inoleuc;ne-ialing, sulphate, fnorganic phoophntc; hiltidine,'nrcbipooc, -~

galactose and D-ribose (17). The substrate-binding site of the peri--

jlai-ic bindiﬁg.ptotelno is réoﬁoﬁstblc‘for thc'-bdcificity of these

trun-poft syatems and the binding proteins are thought to interact with

-



.-one or more specific membrane-bound components - for delivery of the

th-trate'acros. thz\fyt0plac-1c metabrane (23). Three of these sys-
l»‘."_.

‘ 3
- \teqt that have been most extensively studied are the histidine and mal-

tose transport.systems of E. coli and the oligopeptide transport sys-—

tem of Sslmonella typhimurium. All three of tﬁeae systems appear to

require three cytoélaalic’yenbrane transport conponén:s in addition te a
periplasl{c’biudihs protein (18,24).  In addition, the maltose transport
‘;ylten ala; includes the outer Ienprane LamB brotein, which has beeg
s;oun to interact specifically with the ﬁeri?lasnic maltose,bindiné
protein (25). 1t has récently b;en shown by genetic and bioghenicgl
studies that-extensive amino acid sequence homology exists between the
- cytoplasmic faembrane-bound RisP, MalK and bppD proteing. of the qbové
three &ranaport syi;gns. 'This homology in;iudes a binding s&te for ATP
or another nucleotide and therefore may shed some light oa the nechanisn ~
of energf’EOupling.in these systens.(lB,ZS). These and other bindiag
protein—dependent syste-; hive been genetically characterized to vhr}ing
de;rees ;nd‘-nny of the periplasmic binding pro:einé have be;n purified
in an'activg form and sequenced. Iheeé include the bindiné protéiﬁs
-qpécifi; for maltose, ph;sphat;, gqs;ctoce, atab?nése, D-ribose and
leucine-isoleucine-valine (27-32). Purified periplasnic binding pro- .
teins -have also been: u-ed in sone uystena to teconstltutc :ranspor: 4n

<

apheroplasts, n-brane veuicle- "and permeabilized whole cells of trahs-

! v

:é' port mutant ltrainl (33). In addiction, some of ghcle binding ptotetns
f’-.\' : have been crystallized and hnvo been lhoun.by xéﬁay cryatallographic
. analyses to bc rmrubly -mur u thrwdinenﬂonal structure. and

; ‘ unblttatc-bind‘ing canfomtions €29, 30 32).

(ii)nindig. Protoig:lndaggndcnt Ttansggtt Sz!tlll - In coutrast to
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"fully fiéged until the lub-trate binds to the proteim (34).

the periplagaic bdinding proteins, much less is known about :he:-eQStane-
bound tranipore ;o-pdnents of the binding protein-independent active
transport systems. These transport sy;teﬂs d& not ‘rely on & soluble

binding protein for activiey; rathéf, their mseabrane—bound components

.

contain specific substrate binding sites and they are able to actively

transport their substrates in isolated cytoplasmic membrane vesicles.

) /
Substrates that are traasported By’;hese -enbrane carriers include

lactose, melibiose, proline, glycine, aspartic acid und many o:her amino

acids_(L$,17,19). As mentioned earlier- the enargy source for thete

transport stems appears to be the proton-otive force generated qcroal

ra . T ' ) ' .

the cytoplasmit asembrane by the electron transport chain. Accumulation:

~

of.substfate in the cytoplasm seems to ipVOlve-cationesubstrate symport
in response to this protoﬁnotiv@ force, vhich fas beeh dewonstrated in

- . R ~ .
the lactdsé, proline and ‘melibiose systems (20-22). -The active, uphill ‘

transport of substrate is coupled to the passive, downhill flow of

’

protons or another cation across the membrane (1. 1t has'geﬂerally =

been accepted that translocation of'fhe substrates across the cytoplas-

mic membrane involves nevétaible, conformational changes in the carrier

®

'proteins that aLternately make the substrate accessible to the peri-

.

plasmic and cyébplasnic sides of the membrane. The binding'of substrate
to the carrier mag-edsorinvolve the induced—-fit mechanisa postBiated

for énzy-e-nubstrate biading, in vhich the -ubstrnte—bdnaing site 1s not

/

The™ Lactose Pcr-oasa of E. coli - The llctooc\&ganaport system

-

of E. coli has been intcnoively 1nvc-tigatcd for thirty.years and 1: by ’

' far the best-studied of a1l of the boctorial “cytoplismic membrane active :

,

transport nylths. Even so, th. -lbrana c.rrlcr hna only rcccu:ly baan

- L'

3
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. ‘ purifie& and réconstituted in an active foram in proteoiiposomes. In
additfbn, a-ino acid séQuence data and monoclonal antibody studies are
‘now being used to reveal its three-di-ensioual configura:ion in the

cytoplasmic ‘membrane in an effort to elucidate the molecular eveats in

. Kd

lactose transport. ‘The techniques used to identify, purify and reton-

stitute the lactvse carrier may well be applicable to other cytoplasaic

’

membrane transporters %n E; ¢oli ard other organishs~ These techniques
have'iucceAefully apdressed the problems of membrane carrier levels and
'activity'and will now be focused on in some detail.

i ;he lactose permease of E. coli 13 & 46,500 Dalton integral
menmbrane polypeptide that 1is encoded for by the,lac‘x gene of the
lactose opéron (3&). Its synthesis i{'indused by‘B-galaCtosides, such

as isopropylthiogalactosiJe (IP&G), add~1t_i; responsible for the active

trangport of a wide number of « and B galactosideés. The properties A

the lactose transport system have beén studied in‘Aetﬁil by many

}nvest;gators in both whole ce{ls and cytoplasgic membrane vesicles

‘, , « since its discovery in 1956 (35). Studies vi;h'nenb;;%e ve;icles ;nd
various radioact;ve or fluorescent’ substrate analogues 1ndicated :ﬂat
both binding and transpott of substrate by the lac carrier occurred wi:h.
a ratio of ‘one substrate molecule per transporter (36,37). Active
transport of ra&ioactive lactose with an apparent K- of 0.2 mM was
demonstrated in meabrane vesicles that were "energized” by an electron-
:, \ : o égngiing‘conpounq that 1nter;cted yith the regp{ratory chain to impose a,
protcan gradiont-ac;oqé the membrane (38). ' In addition, appreciable

. b .. i . . : \
‘ . T btnd:lng of a non—-cransporuble» substnte analogue to the nenbrane'-bound

" ' carrlet was also anly oboervcd 1f the menbrane vesicles were first

" incuhntcd wtth an electron donor (36). Thereforc, both the initial .

*. evy



.gene, althaugh a discrepancy was evident in the predicted and observed -

. purified lactose carrier was sensitive ®o the /¢ tergent used for its

binding of substrate to the carrier and the'tran;por: of':ubstrate

across the.nenbrane iavolved the protonmotive force, suggesting that
energy-mediated, conformational changes in the protein c;rrier were
necessary'for'both processes (37). The ratio of protons.bound or

translocated along with the substrate by the lac permease was also 1:1

with respect to the carrier (38). Finally, membrane vesicles were

covalénfly labelled with a radioactive photoaffinity label specific for -«
the lactose permease and SDS polyacrylamide gel electrophoresis was' used
to identify the transport protein as a single polypeptide of 30K Daltons
molecular weight (35).

The next step in the study of the lactose carrier was the puri-

fication of this 30K Dalton polypeptide and the subsequent demonstration

that it alone was.responsible for the binding and translocation of

<

lactoge across the cytoplasmic membrane. Amplification of the levels of
che lac carrier protein in E. coli by a plasmid containing the lac y

Aene aided in the identification and purification of the transporter
5

) (35). The lac permease accounted for 10 to 15 of the total cytoplasmie

membrane protein in the plasmid-bearing strain, compared to only 0.92.1in
the haploid, wild-type strain (35,39). The amino acid sequence of the
.

purified protein matched that predicted by the DNA sequence of the lac y
w

molecular weights (66,500 versus 30,000 Daltons). Moreover, a 30K

polypeptide was the major protein synthesized in a cell-free transla-

tions of the lac y plasaid (33). It w;Q found that the activity of the

membrane extraction. ' In particular, extraction of affinity-labelled lac’
\ .

carrier with Triton X-100 conpletol; abolished its binding abilities




“ (40). The\lOlt'successful solubilization of active lac carrier protein
was accomplished with the non-iogic detergent, octylglucoside. Lactose
’ ~
binding and transport activity was §e-onstrated by reconstituting either

N solubilized tocal‘nenbtane extracts or purified lac permease into

liposomes prepared from E. coii phospholipids (41,42). Purification of

tpe lac permease from the octylglucoside-sclubilized membrame extract
was gcco;plished ui;h DEAE~Sepharose chrom-tography (42). Reeonstitu-
-tion of the carrier pratéin into a 1lipid bilaxfr eanviromment that mi-
micked its in vivo ;nviro;ment ;llqued for the observation of both
lactose counterflow in proteoliposomes preloaded with lactose andgaciive
transport of.lactose into normal proteoliposomes. The kinetic charac~-
teristics of the reconstituted lactose transport system were very
similar to that of the in vivo system and the transpor; mechanism also
appeared to involve lactose-proton symport (20,43;. -

Studies are now being carried out with nenbrané vééicles and
antibodies taised_agdinst the purified pfotein in order to determine the
three-disensional st;ucture of the lac carrier in the cytoplasaic mem—
brane (44,45). Other stuéles have iddicated that the purified protein
has about 85X telical content, consistent with it being a membrane

protein, and that its functional unit in the membrane appears to be a

dimer (46,47). These studies- should yield more information about the

wolecular mechanisas of lactose ttan-p;rt, The melibiose and proline
transport systems of E. coli have also fe:;ntly‘been reconstituted in an
active fora in pfoteélipono-cs using methods similar to those employed
for thc-lac permease (22,48).

. " The C, Dicarboxylate Transport System id E. coli - The

.

dicarboxylic acid transport system of E. coli, in particular its




,

cytoplasmic membrane transport coaponents, is the focus of ntudy in this
thesis. Tﬁis syéﬁe- is responsible for the high—afftdity, activé trans-
port of the dicarboxylic acids, succinate, fumarate and malate, and the;
low-affinity transport of aspartate in E. coli. The apparent K. for
whole cell trangport of thése various substrates is 14 uM for succinate,
20 to 30 uM for fumarate and malate and 30 uM for aspartate (49,50).
‘Like the lactose transport system, the dicarboxylate system involves
membrane-bound components that actively gransport the substrates (n
energized cytoplasaic membrane vesicles (49,51). Similarily, the
mechanism of this .active transporﬁ process appears to involve the sym—
port of two protons with each substrate molecule (52). However, unlike
the other men.btane-bound‘systens in gran-negatlv‘ncteria, the dicar-
boxylate transpor; system is also osmotic shock sensitive and therefore

appéars to involve a periplasmic binding protein as well (49).

(1)Geqsral Properties — Farly studies on this transport systeam 5
focused on describing it hﬁophenicaliy and genetically in both whoie. %
cells and cytoplasmic membrane vesicles. These atudigp showed -that only
one‘éransport sysien :as involved in the uptake .of the dicarboxylic
acids in é;_ggli_and that this sysgén was fnducible by succfnate, tHe
prefer;ed substrate, and repressible by glucose (49). By usihg a n;raln
that was defective in the ﬁetabolisn of succinate, it was pbgpible to
show a concentrative, active uptake of this substrate in b&gh whole
cells and membrane vesiclep’(h9,51). Theé energy source for\the latter
process was supplicd'Sy either a physiological (D-lactate) or artiffi-
clal (re&uced phenazine methosulphate) electron doner that feeds

electrons 1ut? the respiratory chain (51). Compounds that either

1Btcrrupted the flow of electrons through the respiratory chain or

14




abolished the proton gradient established during respiration were able

to inhibit succinate transport in both whole cells and membrane vesicles
(£9,51,53). However, the results were co.plicate&¥§;‘the fact that
coapounds that inhibit oxidative phosphorylation also inhibited
succinate traasport in whole éells, but not in membrane vesicles (49,
51). 1In addition, reagents that directly inhibit the cytoplasaic
membrane Ca+2, Hs+2—act1vated ATPase were able to inhibit membrane
vesicle succinate transport and amutants defective in this ATPase were
also defective in succinate tramsport in both whole cells and nembrané
vesicles (53). These anomalous results left open the question df the

involvement of the ATPase in E.‘'coli dicarboxylate transport.

{ii{)Transport Component Characterization - The tnvolvenentxnf at

least three distinct components in E. colf dicarboxylate transport was
suggested by both genetié and biochemical studies. Three different
types of amutants were 1soiated that were defective in some aspect of
succinate transport. Th;se nut;::s could be sebgrated'into two broad
phenotypic claqsesu. One clags of autants (525) was defective only in
whole cell transport, but was able to transport succinate normally in
wenbrane vesicles [+9,51). Conjugation studies along with Pf‘phage
transduction studies mapped tgia mutant allele at' 16 minutes on the E.
gglilchro-oaone (49,54). The second class of mutants (dct) was
defective in both whole cell and membrane vesicle succinate transport
" and these mutants mapped at ;ithat 78 ainutes (dctA) or 16 ainutes
(dctB) on the E. Egli chromoséae. fhese results suggested thi? the
"former clas® of mutants Qas defective in a transport component exteripr

to the cytoplasmic membrane, while the latter class was defective in a

membrane—bound transport component. All of the mutants were unable to
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grov on media containing qpccinate, fumarate or malate as the sole
-

carbon source, but éheir ability to grow on acetate showed that their
%ailure to grow on the dicarboxylic acids was not due to a defect in any
of the TCA cycle or g;yoxylate shunt eniynes (49). 1In addition, the cbt
mutants were unable to utilize the monocarboxylic acid, D-lactate, as a

-

carbon source (49).

(ii{)Periplasmic Dicafbo;x}ate Binding Protein - Preliminary studies

on the purification of the three genetically-identified dicprboxylate

~,
Y

transport coaponents were carried out using'the‘technique of affinity
chromatography (55). This technique involves the immobilization of the_
substrate or a substrate analogue on a suitable column support and the
subsequgnt paqfage of sample containing the protein through the affinity
column. Only proteins that have a specificity for the column ligand
should bind to the co{unn-and elution of these_bound components results
in a total or partial purification of the protein of interest. In the
case of the dica;Poxylate transport system, aspartate was covalently
coupled via its aﬁino group to succinic aanhydride-diaminodipropylamine- . -
substituted gepharose 65 (56). When osmotic shock fluid from wild-type
cells was passed through this columm, a single proteiﬁ peak was eluted
from :hg column with 0.2 M succinate (56). Examination of this peak on
SDS polyacrylamide gels showed a si&gle polypeptide of 15.4K Daltons*
molecular Height._ The fact that cbt mutants were deficient in this
protein and the demongtration by equilibrium dialysis that it Bound
radfoactive succinage with an apparent dbinding constant (Kd) of 40 uM
led to the 1d;nt1£1cation of this protein as the periplasmic dicarboxy-
iate binding protein or DBP. This DBP was also shown to bind fumarate,

malate snd D-lsctate with binding constants &8f 55 uM, 34 uM and 1.3 =M

Y




respectively. Selective disruption of the cell envelope of E. coli fur-

“ther revealed that DBP uaé present on the outer surface of the outer
;_nénbt;ne and on both sides of the peptidoglycan layer in the periplasmic
fu}ace (57). Finally, addition of purified. DBP to.whole cells of cbt
‘mutants 8r to wild-type strains from which the external DBP was removed
was shown to restore or increase transport of succinate in these strains
(58).
»dn the basis of the abové evidence, it was postulated that DBP
.was reséonsible for the translocation of dicarboxylic acids across’ the
outer nenbrané of E. coli, possibly through 1nteraction;_yith the, outer
nenbra;e matrix protein or porin cringrs. The fact that cbt mutants
defective in the DBP component were unable to grow on low malate media
60.0251), but were able to grow on Qigh malate media (0.1%), further
suggested that DBP was only necessary for high affinity dicarboxylate
transport at low concentratiéns of substrate (49,58). Iq/contrast, both
types of dct mutants were unable to grow on either concentration of
malate (49). It ha; been postulated that the role: of periplasmic bind-
1ﬁk proteins in bacterial transport is to -aiﬁiain a high concentration
of substrate in the periplasmic ‘pace‘and’to make this aubs£rate'access-
. ible to the membrane-bound transport cqnpone.nts (59.).7 in the case of
the majority of binding protein transport éy;:ena, trangport of sub-—
strate s ab-blutely dependent upon the presence of a fundtional peri-
plasmic binding protein. The abillty of the wmembrane-bound componenke :
tovtrlnapor: substrate in 1‘olated‘n¢-bran; vesicles suggests that the
dct system is a binding protein-stimulated as oppoced'to a ;1nd1ng

protein-dependent érqnlﬁbrt system.

-

(iv)Cytoplasmic Membrane Succinste Binding Protejns - Solubilized
- : ]
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cytoplasmic meabrane vesicles were also examined by aspartate~Sepharose
affinity chromatography. The non-ionic détergent LuSrol 17A-10 was used
to solubilize the vesicle proteins and two distinct protein peaks were
eluted with 0.2 M succinate when solubilized wild-type membranes were
run on the affinity column (60). These peaks were designate!’aa SBP1
(succinate binding proteinil) and SBP2 respectively dye to their elgtion

order from the aspartate-Sepharose column and the denonétration that

they bound the dicarboxylic acids succinate, fumarate and .malate in

equilidrium binding studies (60,61). The apparent binding constants for’

succinate were found to be 23 uM and 2.3 uM for SBPl and SBP2 respec-
tively and this correlated well with the apparent Km of 20 uM for
succinate éransport in wild-type membrame vesicles (60). ‘The apparept.
binding constants. of the i;olated proteins for malate ;nd‘fpnarate ;ere
somewhat higher (47 uM and 7 ;H). A’ comparison of these values with the
-
binding affinities of normal (right—-side-out) and French—preaaed
(inside-out) membrane vesicles for Qalate (4 and 30 uM réaéectively)
suggeste@ that the substrate recognition sites of SBPlL and SBP2 were
oriented towards to the c&toplasn.and periplasm of the cell respectively
(61). Finally, it was shoun)thatAsolubilizgd wembrane vesicles: from
dctA mutants lacked the SBP2 component and were defective in malate
binding to right-side-out membrane vesicles, while dctB mutants were
deficient in the SBPl component and were defective in inside-out vesicle
malate binding (6l1). Taken together, these regults nugggsted that both
membrane-bound transport components were necessary for cytoplasmic
membrane gsuccinate transport. Surface-la;elliAg studies of wild-type
membrane vesicles further showed that both SBPl and SBP2 could be |

-

labelled in both right-side~out and inside-out vesicle preparations and

10
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Figure I-2. Schesatic model of C -dicarboxylate transport in E. coli’
Kl2. 1In this aodel, the dicarkoxylate binding protein (DBP) vhich can
be released by EDTA-sucrcse treatment is thought to bind onto the matrix
protein (porin) on the outer surface of the outer membrane. Dicarboxy-
late binding protein (DBP), which is released from the cell envelope by
osmotic shock or lysozyme tteatment, is depicted as the one located in
the periplasaic space. SBP1l and SBP2 rapruenc the two dicarboxylate
membrane trgpsport cowponents.

LPS - lipopolysaccharide; PG - peptiddglycan; succ-or S. - succinate;
MDO - membrane-derived oligosaccharides. ) .

e - substrate recognition sites on various trangpert components;

» - protein-protein recognition sites.

This figure was reproduced with permission from T. Lo (59).






that~t§9.t'6 components could be toyelently'joined vith-a non-penetrat-
ing cross-linking reageat (62). This’auggeated tbst both SBP1 ;nd‘SBPZ
were trens-elbrene proteins that wete in close ptoxinity to each ather
in wild=type cytopine-ic membranes. Presumably, tfenslocetion ef _
dicarboxylic acids across this membrane coéuld then accur via a hydro-
philic transport channel formed b; SBP1 and SBP2 (59,62). The wodeil
showa in Figure 2 summarizes the ~proposed.1nteractions of the three
dicarboxylate transport components of E. coli Kl2. ' s

Technical Difficulties Encountered in He-brane-Bound tranqport

Component Identification = The nenbrane~bound active transport systems

in E. coli have been biochemically well-characterized £E<§£EE fn bath
whole cells and cytoplasmic membrane ;esicles; ag was discussed previ--
ouq;y for both the lactose and dicarboxylate transport systens. "How—
ever, difficulties have been encountered wvhen atteapts wete made to
purify the carrier proteins’ {n an active fotn for further studies. It
ie destradle to study these carriers in an active, purified foram in
order to obtain e&ditional structural and functional information about
the transport process. Purification of the water-soluble, periplasaic
binding proteins merely involves the frac:toﬁation of oeuotic shock
fluiq or perltleln on suit;ble wolecular sieve or fon exchange.colunns
(27-32). 1In contrast, membrane proteins must first be removed from
their hydrophobic, -e-brene environment, before coanventional purificatiqp

techniques can be e-ployed; . Therefore, the first step in the purifica-

tion of membrane proteins involves the use of a reagent that can dis-

. dissolve into the lenbrane'end disrupt the protein—iipid 1nteracttone to

effect solubilization of the I-brene co-ponente- Non-ionie detergents,

" such as Tritoan X-100 or Lubrol PX, are fevoured over ionic detergents

21
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"and organic selvents-fo: the solubilization of biological membranes,

because the latter reagents cause extensive denaturation of proteins
> ‘ " : : ’
(5,63).. The solubilized wmembrane proteios are insoluble in an aqueous

enviromment in the ebsence of détetgedt and even in the presence of

N -

detergent, problems.are often encountered with precipitation and aggre—
gation of membrane proteins during the course of their puriflcation (s).
Non-ionic detergents are anphipathic molecules which partition
irto the nenbrane such that thetr hydrOphobic domains interact with the
hydrophobic interior of the lipid bilayer while their hydrophilic do-
mains remain in contaet.eith the aqueous environhent'(5363). At a high
enough concentration of detetgent, ptetein—detergent aicelles are formed
1rw1ch the detergent r{as substituted for the membrane 1ipid (5).

However, the extent to which the detergent can actually substitute for

the membrane lipid in terms of preserving the conformation and activity

of the extracted protein depends upon both the particular membrane

.

protein and the detergent (63,@4). This is why. it\tc often difficult.
if not inpoeaible’to follow the p{tification of & membrane protein, be
it an enzyue_o; ttnuaport~p;ote1n} by assaying fot-ita.blologicnl
ectivity; This'deconek even more difficult when tﬁe ﬁeptetﬁ is present
in very low levele 1& the membrane and vhed it.alno has not yet been f;
identified as a specific polypeptide of a certaln nolecular ueight prior
to purification. AIl of the above technical conllderations have,, chere—

fore, hanpered progress in the ideutificntion and purification of the

meubrane-bound transport components. The one exception so far to these

obstacles is the B-galactoside or lactose transport protein of E. coli,
wvhich was discussed earliev. In addition, both the melibiose and pro-

line carriers of E. coli have recent}; been reconstituted in an active

o
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form in lipocodes snd further efforts are beins directed towards the

~

purifipation of theae two ‘membrane carrierse (22,65).

Identification and Purification Techniques Utilized in This

Study of the Cytoplasmic Membrane Dicarbole?te Transport Components -
The putpoa? of this thesis is to extend tﬁe prelininafy studies carried
out with the cytoplasmic membrane conponenks of the dicgrboxylate
transport system of E. coli. When the asparta:e-Sepharése column
fractions froa Lubrol-solubilized wild-type vesicles were initially
exmined on SDS polyacrylanide gels at the outset of this 'study, {t
became evident that they uere highly impure. Tﬁerefore, ‘this’ study
examined three different techniques for gthe identification and purifi-
cation of the transport compoments. The problem of low levels of mem™
brane transporter was solved in the lactose transport systea by intro-
ducing a plasnid cnrrying the lac Y gene into a suitable E. coli strain

(35). Since the dctA and dctB genes had not been cloned when

this study was initiated, all of the purification and identification

‘techniques that were employed for the dlcarboxylate transport cbnponents

involved reagents that were designed to have a specificity or affiaity
for the succinate binding proteins. These affinity techniques uttltzedv

the recognition of the transport co-ponenis' substrate binding sites as

. the first step in the isolation of the' transport proteins in onet to

enrich for these proteins ptiér to further purification steps. Tﬁe.

three techniques that were examined in this s;gSy were aspartate~

Scphaionc nffinity‘chtOlatograbhy of nolnbilized cytOplacnié'uenbrane

‘ .p:otcinn, 1-unoblot:1ns of cy;oplasnic n-nbtane proteins with -ucgln-

ntc--pccific antiidiotypic antibodiol and pho:onffingty lahulling af

’ protcina ia isolated ln-branhl and whole cells.

]
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The first technique involved eptimization of both the solubili-
zation and -affinity chromsatography of cytoplasmic membrane proteins in
order to adereas the problem of succinate transport component purity. -

The affinity-purified proteins were then tested for succinate binding

ability with fourndifferent‘bindiﬁg sssays. .Tramsport lutants'vere also
examined with the same affinity célunn system in gn attempt to identify

the cytoplasmic membrane dicarborxylate transport coamponents.

—

The second technique utilized antibodies that were raised im

rabbits against the variable region or idiotype of injected IgG mole-

cules that were specific'for the succinate analogue, aspartate.’ The

rationale behind this techmique was that some of these antiiaiotypit

antibodies should be specific for the antigen Bind{ng site of the first
Is8G nolecule_and; thus, the antigen'bihdinq gite of" these ant}-
antibodies would constitute an internal 1naée of the first antigen;
aspartate (66). By.virtue of their similarity to the dicarboxylate
tranéport substrate aPaléguc, aspartate, the antiéen~b1nding sltes\of
the ahtiidiotypic antibodies might then also dipplay afbinding specifi-

cit§ for the succinate transport components: These antibodies could then

L

be ugsed to identify the tramsport cbnponeots without their prior purifi-

cation. Identification of the nqnbrane-ﬁound dtcarboxylate'tran-port

-

components involved bin*‘ys of the antiidiotypic dntibodies'go Western. -

-

Blots of total sembrane vesicle or cytoplasmic membrane proteins from

wild-type and transport-umutant strains. !

-

Finally, thé third affinity technique elﬁlbyed an aryl azide

dicarboxylate substrate apalogue that became ‘a hiﬁhly-rcactivc,\covalnat
’ . . -~ . . - -

label whenqitrad.iated vit¥ the lp];robril:c"a'vclc‘ngth of light (67).

) ] X . . P .
The photoreactive derivative of uparutc, .N-(t-'uido-z-ntstgpbaﬂ )-

¢ -
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\.transport componehts. ~

L]

aspartic acid, was synthesized, purif\ed and characterized with respect

to its ability to specifically inhibit whole cell succinate tranbport.
This reagent was then utilized in photoaffinity labelling studies with

cytoplasmic membranes and utiwle cells of wild-type and ttanspdr:-nﬁtadt
- .

strains id order fa covalentiy label and identify the dicarboxylate

.l

-
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CHAPTER 11

ISOLATION OF CYTORLASMIC MEMBRANE TRANSPORT COMPONENTS

CIass;cal wmethods of protéin purification usually involve the
initial separation of the apﬁroptiate subcellular fraction on an fon
e;:;anse or molecular eieve column. If the protein of interest is an
enzyme, column fractions are tested for enzyue-activity and the relevant
fractions are then pooled and subjected to further purification steps.
The purification of thf protein can be easily followed by measuring the
fold increase in enzyme specific activity at each step. However, if a
membrane receptor or binding proteiﬁ with no enzymatic activity 1is in-
volved, the above approach can be difficult, especially if the protéin
1s‘on1y present 1n'sqall amounts in the ;ell. The presence of a small
amount qf enzyme can be amplified many times as it converts substrates
into products. 1In contrast, the same amount of a non-enzymatic protein
may be difficult to detect, since the binding of substrate to a protein
or meqbrane receptor is a single, reversible event. Successive rounds
of binding ;re not detectable since the aubétrate is not chemically
altered.

-To circumvent this problem, tissues or organisams that contain °
increased le{els of the protein of interest are used and/or the first
step of the.purific;ttpn involves specifically lnbglllng o} eariching
" the desired prooéin. An example of the former np?roach is the p&rif]ca-
tion of the lactOse transport component from an E. coli strain that
overproducec':he protein due to the presenée of a recombinant plasmid

containing the lac Y gede. In addition, a specific photolabel was used

to follow the purification of the lac permesase (1). Many proteins have
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also been purified by affinity chromatography (2,3). In this fechnique,
the substrate or a substrate analoéue is covalently attached to a
.suitable column support. When the sample 1ig passeq through the column,
only proteins that have a specific "affinity”™ for the immobilized Sub:
strate will bind to the column; all other nonspecific proteins can be
washed through the column (4). The bound protein can then be eluted by
one of a number of methods, such as the passage of excess free sﬁbsttate
through the ecfﬁnn.‘ While the pfo:ein may ;oq be pure after affinicy
chromatography, this stép 1ncre;ses the proportion of the desired pro-
tein in the~sample prior to further classical purification steps.
For this reason, the technique of affinity chromatography was
. used aécfhe first step in the isola:ton’af the cytoplasmic membrane com—
- ) . .
ponents of the dica}boxylaggttranspOtt system in E. coli K12. In pre-
vious studies, the non—ioni; @efergent Lubrol 17A-10 was used to solubil-
ize éytOplasmic mewbrane vesicles of wild-type cells. The solubilized
extract was chro;AQOSrnphed on an aspartate-Sepharose affinity ;olunn
and.two'protein peaks, designated SBPl and SBP2, were elutei%wlth suc-
cimie from the column. EqQuilibrium dialysis showed that both of these
protein peaks exhibited (I“C-i,Bl-succingc aéid.binding‘activity
(5,6). This purification scheme and subsequent binding studies were
carried out over the span of'severakedays. To avoid the problem of pos-
sible proteiq degradatio;, the time of isolation waa‘reduced to one day
when the studies described in this ;hapter were initiated. However,
. ~ 'when the protein clutea from the aopartat;-Sepharone column vas examined
o: an SDS polyacrylamide gel, it was still found to be highly impure.

In this chapter, aan alternative method for the prcﬁgrntion and

loluﬁilization of E. coli cytoplasaic membranes was ‘investigated. As
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oeli,‘the aspartate-Sepharose affinity column protocol vas optimized. -
The paraoeters.that were examined included the growth wedja of the
cells;.the colpositio; of the oolunn buffer, the solubiltziné ddtorgent
ond the addition of exogenous phospholipids during the solubilizaiion
stop. Sovétal different binding assays were used to charoctgtize,the
proteins isolated from the affinity column as succinate binding pro—

teins. , ’ -

EXPERIMENTAL PROCEDURES

Bacterial Strains and Growth:Medis - The E. coli KiZ strain ghat

was used in all of the experiments in this chapter was CBT43. Its roie;,~
oant genetic nafkefs are: ‘8dhk, frd, thi (5). 1Im addition atraino o

JH301 ( 2 ownpC ) and PL6 (222_ ) were used in one experinent. Bac-

teria_ were groun in either LB or minimal M9 medium (7) The LB uediun’
.conaisted of. 15 Bactocryptone (10 gn/l) 0.5% yeasn extract (5 gn/l), X
1odium chloride (10 gm/l) and 1 mM sodium hydroxide. ‘The coupooition of

one Iitre 9f'M9 nedium vas 6 o) dibasic sodiuu‘ﬁhocphote, 3 gm -onobanlc

[

potaasium phosphace, 2 gn anmoniun chlorido and 0 223 gn nagnesiun

chloride. This’ was supplementqd after autocIaving wi;h 0.2% glycerol,f
R

0.001% thiamine hydrochloride 100 un_nalciun chloride 1 oM nagneuzun
chloride and 12 LB for better growth. ‘Sodium [ ]-oulpha:e (0.5 aCi/l) .
was included for studies thﬁt_requi}ed labelled cells. Both LB and H9

nedi;.vere also suppleueoted vith 85 aM (0.2%) po:gihiun saccinate in
- d ..:’ P ,.
order to induce the dicarboxylate transport lyotei‘(s). S s
Sa e
Preparation of Cytoplxtnic Membrane Veoicleo = Right—side-out

cytoplasaic nenbranc vesicles were prepared by & nodificltion of the'

method of Kaback et al (5,9). An'overnight statioosry-phase Sulture of




“

LB-grown bacteria was inoculated 1:11 into fresh LB and grown to mid to
) late-}og phaie (2 - 3 haurs) at 37°C and 140 rpa in 8 New Brunswick
fbtary shaker. The absorbance of the culture at 600 ma was determined
wvith a Beckman DU-8 spectrophotonetet.' The cells uere.harvegied and
wa;l;ed twice vith 40 volumes (ie. 40 ml/gm wet weight of cells) of 10 mM
.Tris=HCl, pH 8.0. The outer membrane and peptidoglycan layer were dis-
nociated by incubating for 1 hout at 25 °¢c in 30 mM Tris-HCl (pH 8.0) con-
taining 20X sucrose, 10 mM potassiun EDTA (pH 7. 0) and 5 mg hen egg
while lytozy!g-per gram of cells.. The tesulting spheroplasts were then
broken open by gen;le honogehiiaéion with a Fisher Dyna-Mix in 100 mM

o pot;ssiun phosphate (pH'6.6) contéining 202 sucrose and 20 aM naénesiﬁn
ﬁulphate. The released nucleic acids were degraded with deoxyribonu-
c{éane-fh§6 Kunirtnhnits/gran cells).anu ribonuclease (1332 Kunitz
k;nits/gran cells) at 379C,1n 50 mM potassium phospha:e; pH 6:6. . Whole -

>

cells and cell wall debris were removed- froam the membrane vesicles by
tuo low speed centtifugations (500 x g) in 15‘volu;;:‘of 100 oM
phosphate (pH 6.6) coataining 10 mM pqtassiu- EDTA (pH 7.0). The
) vesicles were pell?ked at 15,000 rpm (27,000 x g) and were wnihéﬁ once
.with the ;hosphate-EDTA buffeff) They were then washed with 50 mM
potassiua phosphate, pH 6.6.- A Lowry protein assay (10) with a BSA
standard was used to determine the vesicle protein concentration, which
\Ull adjusted to S ;r 10 mg/ml with phosphate buffer. The vesicles were
etored 1; 2.5'— S mg nliquoil at\-ﬁﬂyc. .

Preparation of.Cytoglalnic\i'!brancs - Cytoplasmic membranes

were prepared by a modificacion of the method of Schnaitmann et al (11).

»

Bacteria wetre gran.in LD medium ovkrnight and were then inoculated into

frcoh‘LB or M9 medium if labelled cells were desired. For LB:LB pre-




parations, the bacteria were diluted 1:11 and were growm for 3 hours
(late-log) as described previously. The LB-M9 preparations were first
spun down and then the cells were resuspended in a8 1:10 dilution of
their former volume into M9 medium coantaining 0.5 wCi [3SS]-culphnte per
litre. They were ggown for 5 hours at 37°C and 140 rpm to late-log
phase.

The cells were-natvosted and washed with approximately 40 vol-

umes of 50 @M potassium phosphate, pH 6.6. The <¢ell pellet was weighed

and resuspended in 4 volumes of phosphate buffer, containing 0.002% to-

.8yl sulphonyl fluoride (TSF). All subsequent steps included 0.002% TSF.

The cells- were broken &t 4 C with the. French Press, 3 times at 9000 psi.
Unbroken cells and debris were removed by spinning the preparation at
5000 x g‘for 15 minutes. Total membranes were isolated from the super-
natant at 100,000 x g kbr 30 minutessusing a T150 (37K rpw)'on T160 (55&
rpm) rotor. Tpe némbranes were uashé; once'uith the phosphateubuféor
and were spun again at.100,§00 x g« The cytoplasmic membranes were then

‘ - L
selectively solubilized with 1X Triton X~100 (or another non-ionlc

de:ergen:) in 10 mM Tris-HCl (pH 8.0), 5 aM aagnesium chloride at'37°C .
for 30 minutes. This was spun at 100,000 x g and .the solubilization

step was repeated on the pellet. Theé supernatants. containing the oolu-‘
bilized cytoplasmic membranes, were pooled and quick*frozen in dry ice- .
acetone. The outer.mémbrane pellet was overlaid with a mainima} volume

of phosphate buffer and frozen. _All fractiono«aere stored at -20°C.

A:partotc—Seph&rose Prgggration - Aopartate—couplcd Sepharooo wage

prepared by the method of Cuatrccnoan (5,12). SQphltOlC 4B (200 ml) vas
wvashed extensively 1n a Buchncr funnel with doioni:cd vater and then was

resuspended in an equal volue of water. Tho Sepharose was qctlvatld

.
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with 50 gm of finely-d{vlded cyanogen bromide in 150 ml of ‘water fqr 12
minutes. During the course of the reactioﬁ, the :eiperaeure vasg kepe at
20°% by adding ice directly :; the mixture and the pH.uas kept above 11
uith 8 N sodium hydroxide. Excess 1ce was added to stop the reaction
and the Sepharose was quickly filtered and washed with 20 volunes of
cold water. The activated Sepharose was then resuspended in-a-150 ml

solution of 52.48 go 3,3’-uninob1epropylanine in cold:water previously

adjusted to pH 10 with cold 6 N hydrochloric acid. This mixture was ~
slovly stirred for 16 houfs at 4°C. The Sepharose was vasbed with 20
volumes of wate?™ind resuspended in 200 ml of.celé'uater. Solid suc-"
cinic anhydride (30 gm) was added with stirring to the Sepharose and the
pHl vas kept close to 6 with 8 N sodium hydroxide until ho further drop
in pH occurred (about 15 nin;tea)- fhe Sepharose was then stirred'fOt S
hours at 5°C. It was uashed again with 20 volunies of water and resu-
spended in ZOO‘nl of water. Potaaeiun aspartate (5# 8 gn) was added
vith stirring ro the Sepharose and the pH was adjusted ﬂb S uith 6 N hy-
‘drochloric acid. 1-8:hy1—3—(3—d1nethylaainopropyl)carhpdiinide (12 - 15.
;gl) in -bout 30 =l ‘of uater ‘was added drbpwise over a period of 15 mi-
autes to the st@rre& Sephn;oie. The reaction was allowed to continue at
|25°c for 20 hours. Ihe:aepeftete-Sebharose was then easheg exteﬂeiiely
-ith'uiter'and“nonspecific sites were. blocked .with 0;2 ﬁ glycine, pH

8. -0, at 25% for Z'hours. | |

: Ptogein !ractiona:ion gg»Aeg;ttate-Sepharote Ajflnttz;Colunn -

Both cytqpleetic --bran. vecicles snd -olubiltzed cytoplasuic membranes
© were used,te ntartins @aterial fo: the effinicy column. - Ln a represent-
. ative e;h-ple ‘of §h¢ former cate, 3-Ig of,qnickly-thaued mestbrane ve—

stcles were solubilized with 0.5% Triton X-100 in @ 10:1 detergenmt:pro-
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’tein ratio imx 25 maM potassiuva phosphate, pH 6.6. The vesicles in deter-
. L
gent were homogenized by hand with several strokes and were then shaken

or stirred ;genily at 25°C for 30 to &5 ninut.es.’ The mixture was then
cencrifuged at’ 2500 rp- (1300 x g) in a clinical table-top centrifuge
for. 20 pinuteg.‘ The supernatant wae diluted 1O times vith deionized
s.rater q[n¢ loaded onto a 10 ml aspartate-Sephsrose col'\-n (1 e D)
equilf:t;thted with‘ 10 mM. potass'iun phospha:e" (pHd 6.6), 0.05Z Triton, 5 aM
potassium EDTA (pR 7) and 0.002% TSF. The, co‘lm was vashed with 25 =i

| 4
of the game buffer and then any bound protein was eluted with S0 al of

0.2 M potassium succiﬂate in buffer collecxed in 1.5 - 2 ml fractions.
- .

'rhe absorbance at-280 m (00280) of each fraction was detet'-ined or 50
ul a.uquots of each tube vere comted if [ S}-‘.I.abelled membranes were

) used._ The, column peak was pooied and TCA p;ecipitat'ed for analygis with
SDS polyacrylgnidg gel elect:o;t!oresia. The 102 TCA_ ptecipitat.lotlﬂstep' - -

was followed by an .ether wq;h amti acetone precipitation to remove deter-

) gént. . Alternatively, the" protein shﬁlet were dedalted _u-oing one of

several methods. The desalr.iug'uethods included concentnti‘on and
serial, washing of the suple oo a YMS or ¥M1O- Anicon u'ltrtfu:ution

mbrane or passage of the sample phro&gh a 30 al (1.5 ca ID) Biogel

» »
.

_P6DG colunn in 10 nH potaasiuu phosphate (pH 6 6), 0. 011 Tri:on buffer
at 4°C. The desal:ed protein uirged in the coluan void voluac snd .

‘. .could ei:hers\e eminad Eur:her on an ion exclunge cohnn or be uocd in

N .
. . DA b

bimnng studics. . _ L. _ B

-

H‘nen1olubilized cytoph-dc 'lhbrnaen \hr‘h examined ou the af-
fiﬂity colunn, they were :hund ‘quickly in a 37 c \qtcr bath and were

thao dilpted 1:1 with dcionucd' ynur and 0 0022 TSF was added. The . -

soluhﬂixe.d u-bum fro- 1 - 2 Mtres of cclll 3 - b ‘mg protein) were .

\




loaded onto a 35 - 40 ml aapattate-Sepharosé cblunn (1.5 ca ID) equili-

-~

Jbrated with 10 wM potassfum phosphate (pH 6.6), 0.05 or 0.01% Triton, 5

a'{ potassigm EDTA‘(pH 7) and 0.002% TSF. The column was washed with 75

A al of buffer sod was then eluted-ln:2 ml fractions ¥Ith first 100 mM
potassium phos;hate—Tt;;on;éDTA buffer and then 0.; M potassilm succi-
nate or 0.5 M s§31uq ehloride in the same buffer. Each.protein peak was
'pooleé and then éither TCA precipitated or desalted as described above.

' -
Preparation of E. coli Phospholipids - E. coli phospholipids

wera extracted by a ;odification of the Bligh and Dyé( procedure (13).
Six litres of Lﬁfgrovn (1:11 dilutfon) CBT43 cells (10 gm wet weight)
were harye;ted aft;r growing for 3 hours at 37°C. The cells were washed
Snce with 400 al of 50 =M phosphate buffet (pH 6.6) and were resuspended_
in 100 ml o{ deionizeé ;ater. _Four hundred millilitres of methanol:
;chloroforn (2:1Y were ddded and the mixture ;;s vigorously agitated. It
was incubéffd for 3 hours at ZSOC with occasional agitation. The ex-
tréct‘ua; then centrifuged.f&t 10 minutes at 150 x g to remove the ;g}l
debris "and aggregated proteln. Chloroform and ﬁeionized water (125 ml
each) were added to the aupernataut, wvhich was then centrifdﬁed to break
:he solvent phases. The upper*nethanol(ﬁatet phase and the protein de-
brLi-at the interface were aspirated off and dfscgfded: The lower chle—
roform phase vas traqsfetred to a sep;ratory funnel where water and a
small alaunt.of 0.1 N hydrochloric. acid was added to extract any resi-

dual protein. -A few dfbpa of benzene and later absolute ethanol were

p— . -

R Y

sdded tp the chlorofor- phase as it vas btdnght to dryness on a’rotary

g

.?: . ovaporntor. The rancining 1ipid residue was di.solved 1n 20 ml of -

chlorofon:n:h‘nolJ..l) and was stored at =20 C. +An inorganic phos-
phate determination (14) gave a value of 58.8 mg of phospholipid ex—
KN - .




tracted.

The phospholipids were then acetone-ether washed according to
the method of Newman and Wilson (15). -The chloroform/methanol ‘solution
was evaporated under nitrogen gas E’pdtz;nd 300 ul (200 mg/ml phospho—
lipid) and this was resu;pended in 6 ml of nitrogen-bubbled, anﬂ}drOus
acetone containing 2 mM 2-mercaptoethanol. The suspension was stirred a
under nitrogen gas in the dark for 6 hours at 25°C to remove the neutral
lipid. The acetone-insoluble phospholipid was collected on a Whatman #1
filter and was then dissolved io 10 ml of anhydrous, ether containing 2
oM Z-meréaptoethanol. Thé eiher solution was centrifuged for 15 minutes
at 2500 x g.and the supernaiant was transferred to a weighed glass tube.
It was evaporated to dryness under nitrogen gas. :A small amount of
chloroform was adéed to the residue, which was again evaporated to dry-
ness under nitrogen to form a thi; film of lipid on the walls of the
tube. The phospholipid was then }yophilized for 3 hours to remove any
residfal water and organics. After acetone—ether washing, 622 of the
phospholipid was recovered. Theﬁlipid was vortex—dispersed under n;iro—

gen gas in 2 mM 2-mercaptoethanol at 50 ag/ml and was stored at -ZOpC.

SDS Polyacrylamide Gel Electrophoresis - Gel electrophoresis of
the cytoplasmic membrane prepérations and affinity column proteins was
performed aécotding to the method of Laemmli (16). Samples were so;s‘-‘
bilized in sample buffer of 3X SDS, 5X 2-mercaptoethanol, 0.0625 M Tris-
HCl1l (pH 6.8) and 10X glycerol for S minutes at 100°C or 30 ninuées st
7000; The samples were then spun down and loaded ont& al.5 mm slad
gel. Routinely, separating gels of }1.25:0.32 ncrylanide:Einacrylanide
in 0.375 M Tris—-HCl (p8.2;§), 0.1 SDS were used ;1th stacking gels of

4.5:0.12% acrylamide:bisacrylamide in 0.125 M Tris-HCl (pH 6.8), '0.1%
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SDS. A Tris-glycine—SDS (25 aM-192 wM—0.1Z) running buffer was used.
After electrophoresis, gels uerelstained with 0.1252 Coomassie Brilli-
ant Blue R-250 in 50X methanol, 102 acetic acid and they were destained
in 10X methanol, 52 acetic acid. Gels with radicactive samples were
dried and exposed to Kodak X—OMAT X-ray fila for autoradiography.

Binding Assays - Four different binding assays were used to de-

tect (lbc-2,3j-auccin1c acid binding to the proteins eluted from the
aspartate-Sepharose column. -

(1)P6DG Column - A desalted sample of affinity-purified protein
from 6 litres of LB-grown cells was concentrated down to 1 - 2 ml with a
YM5 Amicon ultrafiltration wemdrane. Binding was carried out at 2§°C.
fer 60 minutes in a 1.5 ml Eppendorf tube with 100 ul of sample and 10 ul
of 2 mM or 200 uM carrier=free [IAC]-succinic acid. This was continu-
ously mixed on a rotary mixer. The sample was then loaded onto a S ml
Biogel P6DG column (1 cm ID) equilibrated in 50 aM potassium phosphate
(pH 6.6 or 7.5), 0.01X Tritom (or another detergent) and 3 drop.frac-
tions were tollected with the same buffer using an LKB Redi-Rac fraction
collector. The protein, along with any bound auccinate; was eluted in
the void volume followed by a.large peak of free succinate. From calcu-
lations of protein conceatration, recovery from the column (using [3581-
labelled protein) and specific activity of the [14C]-sﬁcc1nace, the
®o0l®r ratio of cuccina:e:protiin vas determined. A modified Lowry assay

(17) containing 1X SDS was used for all detergent-containing naupfes.
\

- (11)Proteocliposomes - Liposomes were prepared by a modification of
; /

the procedure of Newman and Wilson (15). Purified phospholipids from
Serdary were mixed in a-ratio of 70:15:15 for phosphatidylethanolamine,

phosphi:idylglyccrol'und Cardialipln respectively to approximate the

-
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ratio in the E. coli cytoplasmic membrane (18). All three phospholipids
were dioleoyl and the sources were E. coli (Pb), egg lecithin (PG) and
beef heart (cardiolipig). The phospholipids (50 mg total) were dis-
solved in chloroform in'a 16 x 100 mm test tube and the chlorofora was
evaporated under nitraéen gas with rotation ‘to coat the sides of the
tube with a film of 1lipid. This was then-lyophilized for 3 hours to get
rid of any’traces of chloroform and water. The lipid was vortex-dis-
persed under nitrogen gas in 1 wl of 50 mM potassium phosphate (pH 7.5
or 7.0), 2 mM 2-mercaptoethanol. It was then sonicated in a Branson
bath (117 v, 50 - 60 Hz, 125 Wa:£s) for 15 minutes under nitrogen gas.
Triton X-100 (0.2Z) was added to the ;atep bath and the level of the
bath was adjusted. to gi;e waximum agitat;on of the lipid. The resulting
liposomes were kept on ice until the protein samples were ready ﬁor re-
constitution.

Proteoliposomes were made next using the octylglucoside dilution

procedure described by Chen and Wilson (18). Desaicad, concentrated

protein (788 ul) from the affinity column uasivdfiexed gently wich 200

. ul of liposomes and 90 ul of;ISZ octylglucoside (1.252 final) and this

was kept.on ice for 10 minutes. It was then quickly squirted with a
Pasteur pipette intc 30 ml of 50 mM potassium phosphate (gﬂ‘7.0 or 7.5),
1 =M dithiothreitol at 25°C and immediately stirred. The proteolip;f
somes WEER collected by centrifugation at 85,000 x g for 60 minutes at
4% (29K.r§- in T160 rotor). The pellet was gently resuspended ianOO
to 200 ul of phosphate buffer using a glass rod and a Hamilton syringe.
— , The proteoliposomes were assayed for succinate binding activity

with the method of Newman et al (1). An aliquot of proteoliposomes (10

“ul) and 90 ul of phosphate bgftcr wvas pipetted directly outo a 25 mm,

N\
N e
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0.22 um Millipore GS filter. The vacuum was turned off and the filter

valve was closed and 205.;1 of carrier—free 200 uM [16 succinate v;s
pipetted carefully onto the liposome spot. Incubations &§f 2 to 5 mi-
nutes were followed by filtration and a 5 al wash of ice-cold phosphate
buffer and the filters were counted in scintillation fluid. Alterna-
tively, the proteoliposomes were direttly incubated with the 200 uM

[1 C]-succinate in an Eppendorf tube and thea they were filtered and
washed. Binding was also assayed by 1ncubat1ng 10 ul of proteoliposomes
;ith 200 uM [ C]-succinace in buffer (100 ul total sample volume) for
15 minutes, then spinning the samples for 10 ;inutes at 70,000 rpm in a

Beckman airfuge. After a 100 ul buffer wash, the inside of the tubes

were dried with a Kimwipe and the tubes were counted in scintillation

‘fluid. In all cases, a blank value was obtained using shan “"reconsti-

+ .
tuted” liposoaes.

(1ii)Nitrocellulose Filtration Method - A modificatfon of the method

of Lever (19) was used to assay succinate binding with Schleicher and
Schuell nitrocelldlose filters. Aliquots af concentrated, desaitgd
protedin (10 - 25 wul) Jere incubated with 20 uH‘T&QC]-suécinate in 50

aM potassium phéaphate buffer (pﬁ 6.6; with or Hithqut added detergent)
for 60 iinutes.nt £5°c on & rotary mixer (100 ul total sample vdlume).
The samples were pipetted diréctly onto 25 mm, 0.45 um filters with the
vacuum off. The samples were filtered and 1 ml of 10 nH‘potasQihn
phoophate‘(pu 6.6) wvas added with the vacuum off and then filtered
immediately. This vash was repeated with a fur;her i al of buffer. The
filters were count;a in scintillation fluid. The blank consisted of

[ CI-Iuccinatc in phospha:o buffer. The crude ltubrnne détergent’

extract and the afflnity column wash were also al-ayod for binding
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ing activity. Binding in all fractioans was also carried out in the
presence of 2.5 mg/ml phospholipid (described in (i1)) or phospholipid
plus 40Z% glycerol.

(iv)Equilibrium Dialysis - Equilibrium dialysis cells holding

slightly more than 100 ul per side were used (5) with Spectrapor 3 dialy-
sis nenﬁfane {molecular weight cut—-off of 3500 Daltons). The membrane
was pretreated by boiling successively in 1 @M potassium EDTA and
deionized water aﬂd then soaking in phosphate buffer. Sample (100
ul) in phosphate-detergent buffer was added to one chamber with a Hamil-
ton syringe and ibO ul of 100 uM [14C]—succinate was added to the other
chamber. The specific activity of the succinate was such that the
amount of sample added could bind 5% of the total radioactivity &f - k
active. Binding was carried out for 24 hours at 4°C and the dialysis
cells were agitated on a rotary mixer. An aliquot (80 ul) from éach
chamber was counted. Binding was also carried out in the .presence of
2.5 mg/ml phospholipid and Adluglycerol.

Chemicals - All chemical used wer¢ obtained féon commercial

sources and were of the highest available purity. Bactotryptone and o

yeast extract were bought from Difco Laboratories (Detroit, MI). Radio-
aczive,[lhc-2,3]-succ1n1c acid, (38-2,3]-aspart1c acid and sodiu; [3551-
sulphate were purchased from the New England Nuclear Company (Bo;:on,
MA). Molecular weight standards were purchased from Pharmacia Fine
Chemicals (Uppsala, Sweden). Nitrocellplose paper was bought froa
Sch%sfchgr iﬁ?HSchuell, Inc. (Keene, NB).and bhospholipid. were obtained
from Serdary Researcﬁ Laboratorfes (London, Ontarib). Octylglucoside
wvas purchased fro-lsochringcr Mannheim (West Germany), while CHAPS, Lu-

brol PX and Polyoxyethylene Ether W1 were bought from the Sigma Chemical

4



Co. (St. Louis, MO). Triton X-100 was obtained from the Amersham Cor-

poration (Arlingtou Heights, IL).

(3

RESULTS

éo-parlson of Membrane Vesicles and éytqglasuic Membranes -
Kaback membrane vesicles (9) were prepared from the LB-grown wild-type
CBT43 strain and their protein profile was compared to that of various
outer membrane,preparations oa an SDS gel. Figure 1 shows an extensive
contamination| of - the membrane vesicles with the two nﬁjor outer wembrane
proteins, por (Oon,C) and TulI* (OmpA) (20,21). The membrane ve-
sicles were compared to .outer membramnes prepared from CBT43 and outer
nenbrane; from sttains JW30l and PL6 lacking the proteins porin and
Tull* respectively. In contrast, 'the corresponding cytoplasmic membrane
preparations-frop CBT43 (Figure 1) and the other two strains (data rot
shown) showed little or no evidence of contamination with outer membrane

AR -
proteins. ., These membranes were prepared by selective Triton solubili-
iation of sonicated total membranes, as described in Experimental Pro~
cedures. filgure 2 ghows a similar pattern for outer and cytéplasnic B

seabranes prepared frow French-presgsed CBT43 cells. Therefore, the

‘method of cell disruption (sonication versus French pressure cell) did

not dppear to affect the purity of the solubilized cytoplasmic mem—
branes.

Affinity Chromatography of Solubilized Membrane Vesicles - Two

important ‘parameters that influence a detergent”s solubilization

efficfency are the detergeant’s councentration in solution and the ratio
i

(weight:weight) ofxdotorgcnt to protein (22). The ideal conditiocns for

three non—ionic detergents were determined prior to affinity chromato-



Figure 11-1. Outer membrane contamination of CBTA3 membrane vesicles.
Cytoplasmic membrane vesicles were isolated from LB-grown CBT43 cells
and were prepared for SDS polyacrylamide gel electrophoresis as de-
scribed in Experimental Procedures. Outer membranes and Tritor-solu-
bilized cytoplasmic membranes were prepared from sonicated whole cells
of the bacterial strains shown In this figure. Thia and all subsequent
gels shown in this chapter were 1.5 mm, 11.5% polyacrylamide slab gels.
MV - membrane vesicle; OM - outer membrane; CM - cytoplasmic membrane. -
Lane 1 - CBT43 MV, 200 ug; 2 - CBTA43 OM, 25 ug; 3 - JW301 OM, 25 ug;
4 - PL6 OM, 25 ug; S5 - CBT43 CM, 100 ug B

- . '

.

Figure II-2. CBT43 outer and cytoplasmic membranes. Quter membranes and,
Triton-solubilized cytoplasamic membranes were prepar from LB~-grown,.
French-pressed- CBT43 cells as described in Experimental Procedures. -
OM - outer membrane, 50 ug; CM ~ cytoplasmic membrane, 100 ug.

. . ~

.
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S

ngle II-I. Optimization of membrane vesicle solubilization condicions.
S]-labelled CBT43 cytoplasmic membrane vesicles were prepared as
‘deactibed in Experimental Procedures. The vesicles were incubated wih
different detergents in 10 oM phosphate buffer (pR 6.6) for 45 minutes
* - - at 25°C with shaking. The total sample volume was kept constaant at 100
ul and the amount of vesicle protein was adjusted inn each sample to
wleld she desired detergent:protein (wt:wt) ratio. Samples were spun at
either 1300 x g or 100,000 x g. An aliquot of the supernatant (20 ul)
was counted in scintillatiord fluid to determine the psrceat solubilizs- N
tion“of each sample. Asterisks indicate the optimal wolubilization con-
dition for each detergent. - 3
A - The detergent:protein ratio was held constant at 1d: l vhile ﬂ-ne
-detergent concentration was changed as indicated in the table.
. B ~ The detergent concentration was held constant while tHe detergent:
X protein ratio was changed as indicated in the table.

Figure II-3.35Aspartate-3epharoae column profile for CBT43 membrane
vesicles. [~ S]-labelled CBT43 cytoplasmic membrane vesicles (3 mg)
were solubilized with 1% Lubrol PX-(15:1 detergent:protein ratio) and
. were prepared for affianity chromatography as described in the text.
The 10 ml. aspartate-Sepharose column was washed with 25 ml of 10 &M
phosphate buffer (pH 6.6) contsining 0.1% Lubrol PX*and 0.002% TSP.
- .Bound protein was eluted -with 50 ml of 0.2 M succinate in the same
. buffer, as iudica:ed 38% the graph. Protein was detected by measuring
the radioactivity ([ S]-DBM) in each colunn fraction.\ -

,_('d\"" B . +
£ .
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graphy of solubilized -e-btnne vesicies.~ Table 1 shows that the beot
solubilization conditions were 0.5% Triton X-100 (10:1 r:tio), 1X Lubrol
PX (15:1 ratio) and 15 oM octylglucoside (10:1 ratio). - These conditionl
solubilized 65%, 52% and 58% Of membrane vesfcle protein respectively |
aftet centrifugation of the extracts at 1300 x 8. Solubilization ~
éfficiéncy was genetrally ounly slightly lower when the extracts were spun
at 100,000 x g; T%erefo;e, 1306 x g extracts were u;ed in the sub-
sequent experiments since the time of nanipul;tiou was much shorter
when using :he‘table—iop centrifuge as éonpared to the ultr;-centrifuge.
This ;as the same centrifugatioﬁ protocol that was used in ghe"original
work on the succinate ttansport eonponents (5,6). .

| “Aspartate-Sepharose chronatograph§ of Ehe deétergent—-solubilized
membrane vesicles indicated fbat a wide fange of prgfeiﬂs ugre_binding
to the affinity column. The column profile of M9-grown, Lubrol=-
solubilized vesicles is shown in figure 3. Thé column was washed with
10 =M potassium phosphate, pH 6.6, 0.1% Lubrol, 0.0022 TSF buffer to

t

remove udboﬁqd proteias and then boundlbro:eins were eluted with 0.2 M

labelled pfdtein*qu eluted from the coluan. ‘Similar column profiles

" potassium succinate in the same buffer. Only one distinct peak of [3531--'

were obtained with a variety of non-ionic detergents, column lengths and

column conditions. Qccasionally;.éwo protein peaks were eluted from.

the column as ia :he.early work on this system, but this was not a... 7"

reproducible obcervntiqn. Figﬁre 4 1is an auéotndiogran .hoviag the pro—-
teins elutad fto- the affiaity column af:er solubilization of [ S]-la-'

belled desicles with o.sz Triton x—1oo iz l.ubrol PX or 15 mM octylglu=’

cooidc. The protein profil.o of the first uxport-nt (lntt-hand lanes)

wvere llllllt to that of a occond experimsnt (right-hand lanes) run with '



P;Sure I11-4. Affinity-purified proteins’fton csi&s wembrane vesicles.
S]-labelled proteins that.were elutad with 0.2M succinate froam o

aspattdto—Sepharooe co of solubilized membrane vesicles were ex-

amined -by SDS .polyacr de sel electrophoresis, as described in Exper—

imental Procedures. Pgbteins were prepared for electrophoresis by ace-
" tone precipitation. _The. détergentc used for vesicle golubilization and

affinity chromatography were: T - Triton X-100; L - Lubrol PX; O - oc-
tylglucqciae. +EDTA ~ 5 ‘uM EDTA was included in the affinity column
buffer. T . . SR o

] Figurc II*S. Affinicy-ﬁurifiedBQBTAB cytoplasmic membrane protein. To-
tal menbranes. from - sonicated, [""S]-ladbelled CBT43 cells were solu-
bilized with 1%’ Triton X-100 as described in Experimental Procedures.
..The cytoplasmic aembrane extract was loaded onto 35 al aspartate-
S‘phlroic.eolp.nl equilibrated with 100 mM phosphate buffer (pH 7.0)

' containing 0.1X Tritom; 'S mM EDTA.and 0.002XTSF. The columns were
washed with 75:al-of colusin buffer and protein was eluted with 100 ml of
0.2'M tuccina:c in the same buffer. The protein was prepared for elec-
trophor-sis by P6DG column desalting and acetone precipitation, as de-

' lthb‘d in Bxlni:lmtal Procodm.. l\ci:atc elution.
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5 mM EDTA in the phosphate column buffer. Similar results were obtained

vhen solubtilized vesicle extracts fton LB-grown cells vere examined on

the afffnity column. . .
- [ 2

Affinity Chromatography of Solubilized Cytoplasmic Meabranes -

‘Due to the outer meambrane contamination of the Kaback membrane vesfﬁles

~
-

and the impurity of the veBicle proteins eluted from the aspartate-

* * -
Sepharose column affinity chrmtography of cytoplasmic membranes

\

prepared by the method of Sthnaitmann et al (1l1) was attempted. As

outlined in Experimentsl Procedures, the major difference in this method

*

wvas that the cells'were harvested aqd their membranes were {solated and

solubilized all in one day. The solubilized extracts were-then quick-

frozen in dry ice-acetone to’ prevent denaturation of the prqteins. In
contnlt, -e-brane vesicles were prepared over a two day ppriod and then

were frozen prlor to solubillzation. In additio& (e solubilized

»
vesicle exttacto- vere only spuo at 1300 x g to remove unsolubilized -

asterial, as compaced r.o 100,000 x g 1n the Schnaitnann -ethod. It is -

conceivable that the ‘mpurity oAhe vesiele-solublized ptotein ‘eluted
from the affinity column ajight be due to the fact that membrane frag-

ments were present along with solublized protefus in the "solublized”
’ . * ’
-upermtant. This possibility was borne out by the results obtained

.

from affinity chro-.‘tography of 100,000 x g solubi{lized cytoplasnic

msenbranes, as decctlbed below. - _ -

-

d The Hru« upcr:l.tnt used 1X Triton-solubilized memdbranes from ‘

miutod, [ S]—'hbcnqd CBT43 etlls._ The afﬂnity colm vas washed

"with iOO uM phoaphsate buffir (par 7) containing 0.1X Triton 5 aM -TA and

' 0.802%° ‘l'Sl. Bound protein was thcn clutod vith 0.2 M succlnate in the

same buffer. M vith the membrane vuiclcn, ouly oune peak of proteln

>
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was eluted from the column. In this and all subsequent exp;rinents,
only one major protein peak was eluted with succinate from the aspar-
tate-Sepharose colunfx, whether absorbance at 280 mm or DPM of labelleMd
protein was measured. This occurred regardless of the column length,
type of detergent 0t.buffet that was used. Figure 5 i{s wo SDS gel of
the protein eluted from the coluan. The purity of the protein was
markedly better than 1n‘the solubilized vesicle eiperiuen:s. Ouly one
ma jor progéin of 53K Daltons molecular weight bound to the coluan.

Investigation of Affinity Column Conditions - In order to

optimize the affinity column conditions and to assess the ‘nature of the

interaction of the bound proteins with the column, various parameters

were investigated. These included the growth medium, buffer fonic
strength and pH, type of detergent and presence or absence of exogenous
phospholipids.

(1)Growth Medium - Affigdty column profites from cells grown in

rich (LB) and minimal (spccliﬁfe-glycerol M9) media were co-pafed on SDS

| gels.’ In this and in all subsequent experiments, French-pressed cells

vere used instead of sonlc;:ed celis as 19 the first experiment. This
was done to minimize any protein degradation caused by oxidation and the
treat i;netate onication. As well, ;onicagiod somet imes causes a |
redistribution of proteins between the outer and cytoplasmic membranes

~

in E. coli (ll). Figures 6 and 7 compare the proteins from M9 and LB-

- grown cells respectively that bound to the affinity column. Lane 2 of

-~

.each gel shows that cue major band (53K) bound to the column whether the

cells were M9 or LB-grown. The column was washed with 100 =M phooﬁhatc

buffer and then eluted with succinate, as in the experiment with the

sonicated M9-grown cells. Therefore, the method of cell QIQQﬁptton did

°



Pigure I11-6. Affinity-purified cytoplasamic lnnbrsgo proteins from M9-
grown cells. Proteins, from Tritoo—solubilized, [““S]labelled, French-
pressed cells were affinity-purified as described in the text. Samples
were desalted by a P6DG column and acetone-precipitated prior to elec-
trophoresis. All of the column buffers contained 0.05Z Triton, 5 mM
EDTA and 0.002Z TSF.

Lane 1 - 10 mM phosphate (pH 7) buffer wash, 0.2 M succinate elution;

2 - 100 .mM phosphate buffer wash; 0.2 M succinate elution.

CM - cytoplasmic membrane.

-

Figure II-7. Affinity-purified cytoplasmic membrane proteins from LB-

grown cells. Cytoplasamic membrane proteins from Triton-solubilized,
French-pressed cells were affinity-purified and prepared for electro-
phoresis as in Figure II-6. Protein was detected by measuring the ab-
sorbance at 280 gm of each column fraction. *

Lane 1 ~ 10 aM phosphate buffer wash, 0.2 M succinate elution; 2 - 100
aM phosphate buffer wash, 0.2 M succinate elution.

CM - ‘cytoplasmic membrane.
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not seem to affect the binding of the 53K protein to the column.

Lane 1 of each gel shows the effect of decrea;;d buffer ionic
strénsth on the affinity column‘profile. In both cases, the columns
were wvashed with 10 aM instead of 100 mM phosphate buffer and uera\ghgeg/‘
elutéﬁ with succinate. Two major proteins (53K and 42K) bound to the
column in the case of M9 cells. The same two proteins, along with two
other proteinsg (35K and 17K), bound to the column from the LB cells.
Therefore, LB-grown cells had four major cytoplasmic membrane proteins
that bound to the a;pattate-Sebharo;e column in low ionic strength (10
mM) buffer, whereas M9-grown cells podssessed only two major proteins.

In high ionic strength (100 ;H) buffer, only tﬁe 53K protein bound to
the ;olunn regardless of the growth medium. -

Since whole cell succinate transport in CﬁT43 was shown to be
1ndu¥ed by succinate and repressed by glucose (8), the affinity column
profiles from M9 cells grown in ei:ger glycerol-auccinaté or glucose at
were examined. '%he columns ;ere rua in hiéh ionic strength (100 uM) :
buffer and were eluted with succinate. The 53K band was eluted from the
column in both cases, so 1ts'ayngbusis did not appear to be induced By
succinate and/or repressed by glucose. Even though the M9-grown cellg
had higher succinate transport activity and had a “"cleaner”™ affinity
column ptbtile..LB-groun cells were used in subsefuent experiments due

to the higher yield of cells per litre of growth medium.

(11)Iomic Strength of Column Buffer — The type of proteins that

bound to the aspartate-Sepharose column depended on- the ionic strength
of the column buffer, for both M9 and LB-grown cells. FPigure 8 1llu-
strates this point in a alightly different manner. In this experiment

Triton-solubilized proteins from LB-grown €BT43 cells were separated on

- P
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Figure II-8. Iounic strength effect on affinity column protein profile.
Triton-solubilized, cytoplasmic membrane proteins from LB-grown cells
were isolated on aspartate-Sepharose columms equilibrated with 10 mM
phosphate (pH 7) buffer containing G.05% Triton, 5 mM EDTA and 0.002%
TSF. The columns were eluted sequentially with 100 mM phosphate buffeY
(lane 1) and then with 0.2 M succinate in the same buffer (lane 2). The

samples were TCA precipitated prior to electrophoresis as described in
the text.

CM - cytoplasmic membrane.

Figure II-9. Effect of pH on affinity column protein profile. Tritom—
solubilized, cytoplasmic wembrane proteins from LB-grown cells were af-
finity—-purified at different pH values of phosphate (pH 6.6, 7.0, 7.5)
or Tris-HCl (pH 8.0) column buffer, as described in the text. All co-
lumns were washed with buffer of low ionic strength equivalent to that
of 10 mM phoéphate (pH 6.6) containing 0.01%X Triton, 5 aM EDTA and
0.002% TSF. Lane 1 for each pH value represents proteins eluted dy buf-
far vith an foanic strength equivalent to that of 100 mM phosphate (pH
r6) buffer. Lane 2 shows the proteins subsequently eluted from the
same columns with 0.5 M sodiua chloride.
* - solubilized cytoplasuic: -membrane proteine kcpt at 4 C overnight
prior to affinity chrouatography.

[
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affinity coluans equilibrai‘d in 10 =M phosphate, pH 7 buffer. The .
colymns were washed with the same buffér and then were eluted with 100
@M phosphate buffer. This increase in ionic strength eluted the 42K,
35K and 17K proteins from the column. When 0.2 M succinate was
subsequently passed through the coluan, éhe 53K proéein was eluted.
fhérefore, the 53K protein was able to bind more tight‘ to the

aspartate-Sepharose column, for whatevqs reason, since it required a

higher fonic s;renéth buffer for elution thaa did the other three -

proteins. As such, it was a good candidate for a cytoplasmic membrane
succinate binding protein.

) This relationship betweea column protein binding and buffer
fonic strength was investigated further. In one experinen;, Triton-
solubifiied,‘u-grown membranes ;el:e run on affi&if‘.y columns equili-
brated with 10 aM phosphate buffer (pH 7),'containing 0.05% Triton, 5 mM
EDTA and 0.002X TSF. The columns were washed with increasing concentra-

tions of phosphate buffer (from 25 to 75 mM) Qnd were then eluted with '

succinate. It was observed that the 42K, -35K and 17K proteins were

.uashed off the column when the buffer concentraéion was ‘taised to SO mM,
. . -

vhereas the 53K proteinirenained'b;und:iq'thg:colu-n. It was reasoned
that 1if the gngeractiou of the 53K protein with the ltpartate—StphAIOI;
column uai trdly'nn affinity lnteraction and not just an ionic atrrdc-
tion, then a lower amount of succinate than 0.2 M lhould be able to'rc-
mve the protein frou_the calunn. In dnother oxperiuant, solubilized

membranes were loaded onto an aapartlte-Sepharooc column undor the con~

dicions deccribcd abovc and the colunn wvas washed -uccccllvoly wikh 20

- and 50 aM succinate. The 53K protcin rc-ainnd bouad to the colu.n and '

-,

ney

wvag only eluted with 200 aM .ncctnnto. The ilp§1c¢ttonl of thc tight -
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- interaction of this protein with the affinity column will be addressed

inca later section.

(iii)pﬁ Effect on Column Binding - In order to further address the

Wuestion of an affinity versus -an ionic interaction between the aspar—
tate—Sepharosé‘colunn and tﬂg four isolated proteins, affinity columns
of Tritoon-solubilized neibtane proteins were run with bﬁffers of differ—
ent pH values. Thé-resulta\of this experiment are presented in Figure 9
and thg rationale fér the.expuriment is shown in Figure 10. The affini-
ty golhnn used 1; this work consists of aspartate residues cova}ently .
11nk;d via a spac;r gréupwtp-Sepharose 4B, as aescribed in Experimental
g -Prqcedures (Figure 10). The asp;}tate ;oleéule céntains two carboxyl
groups and one amino group which are ionized at pﬁysiological pﬁ (21).ﬂ

. Bven thou;h the amino group is tied up in a ¢ovalent linkage in the

. aspartate-Sepharose, the- free catboxylﬂg;eupp contribute a net negative

—

charge to the affinity.xes%n”iffghe pE of the column buffer. Proteini
also posseés net cﬁargés dependen; on tﬁeirlisoele;t;ic points and the
pH of their environnenﬁl(iB). It\is possible EEPt the pyoteins \é"h:u:h.~
bind to the affinity ;olunﬁ.héie_a‘net positiv? Ehargg at the‘pH pseﬁ.in
the sxperiments (ie. the'proteins are ﬂelow tﬁ;ir isﬁéleétrig pointq)

i%- . uﬁd they onky biéd to'tﬁe column becauge df‘hn.ion1§ 1ﬁtefac:i§n{

-

‘ \ To -ensure that' pH was the ouly.p?raneterj;hét was changed fin the
.o experiment, the ionic ntrength of the various bufibrs ﬁu;\held constant ..
A 10 wM, pH 6.6 phosphatc buffer was used as the utcrtins point- The‘
chd.rlon-unllelbach equnttdn {23) was then uled to calculate the con- -
. centration of gﬂr7 0 and 7.5’ phoaphatc and pH 8 0 Txis buffero hgvius
-,,‘ ‘ thn same ionic o:tgngth as the 10 -u. pH 6.5 phoophate bufft!m The buf-t

N e 'fcr conconttatjon. uood to uaoh tho four colu-ns vere: (1)10'-H phoq~ N
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FPigure 1I-10. Schematic representation of aspartate-Sepharase. This
figure shows the structure of the aspartate~coupled' Sepharose used in
the affinity column studies. A 3,3’-iminobispraopylamine~succinic anhy-
.dride spacer group was attached to cyanogen bromide-activated Sepharose
4B as described in Expetinental Procedures. Aspartate was thea cova-
leatly attached via_ its amino group to the substituced Sepharose. Both

~ carboxyl groups of aspartate were ionized at the pH values used in these
‘studies.

- %

Table II-II. Physical charag;eriotics of variods detergents. The cri-
‘tical micellar concentrations (CMC) ahd aicellg molecular weights (WW)-
of the detergents used in this.study aye listed in this table. The _
detergent concentrations used for cytopiasaic weabrane’ nelubilization

and affinity chronatography are alao Ii?yed for ecch dhtcrgcn:. \::_5.

-
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~ _
- o Sepharose 4B ]
) Q 0 . ,
q \ / . ' oo
- i _— N e
- ¢ 9 v
‘ N= CHyCHZCHy NHCH, CHZCHaNH - C- CH,CHg C-NH - CH
i C \——— - , CHe
3,3’ - Iminobispropylomine  Succinic Anhydride ,C’o
Oo.
- ’ - ' Asporjote
. Physical ‘Characteristics of Vario;ss Detergents
Detergent . CMC P_I_M_H__ Solubilization Column Buffer
- : + - Concentration :
+ . . - : . ’
Triton X-100 0.02% 90,000 12 . ;< 0.05% or 0.01% ;
- " ) = H - . -_ } .
o Lubrol PX 0.006% 64,500 12 . 0:01%
. . . . * . ‘ .
: Polyoxyethy~ ND . #D° 1% . 0.01%
- _lerie Ether W1 . ‘ . | -
“octylgluco~  0.73% 68,000 S Q.46 . " 0.44%
n_ide o W ' (15 aM) : .
_CMAPS  _ 6.49% 6150 oax .~ 0.05% or 0.0l
U . ! b B - . . ; v .
e ., vy NS S -l o O3, o
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phate (pH 6. 6). (11)8 =M phosphate (p 7. 0) -(141)6 7 =M phoophate (pH

7.5) and (1v)26 7 oM Trio*!Cl (pE 8.0). ¥h¢ eolu-as~uefc then elutcd

vuith ten times strength buffer and finnlly vith 0. 5 M sodium chlortde.

It was. observed that 0.5 M sodiun chloride eluted the same proteins fro- :

-

[

the columan ag did 0. 2 M suctinate in previocus experimeats. However, a“
30K protein was also eluted along with the'SBK ard 42K proteins Sy so~

dium ehlori&! ‘(Figure 9). . This result was also 6Bserved in . several:

other expetinents Hhen eicher succinate or codiun chloride was used as

3

the -columseluant and vill be discusseﬁ later. The use of sodfua .

chloride prevented the need for reuoval of succinate from the column

fractions prior % [IACJ*succinaté binding"q:ud4e: to ‘be described .°

[
=

htet- .

a -

"The first lane in Figure'9 ﬁoi each pR;vilue shows the proteins\f‘

“eluted by tén times strength buffer and the second lane is the sodium

chloride elutgpn profile. For the pH. 6 6, 7.0 and 7.5 hufferl, the 35&
and 17K bsnds wvere the major" pro:eins eluted by the ten tineo sttdngib
results suggest that the 17K protein may have approached its 1i0eleq:t1¢
point as the pu‘uns_riised to 8.0 ‘and therefore its louic-tntdrqgtiod

vith the column was abolished. ’Ihg S3K qﬁd bzgﬁpro:elna-uerc the major

proteins @hat'gire eluted with' sodium chlorldg‘§éfqll pH yalués.' Since .

>

thene two proteinc;'ilons vith the 35K proteln,beuﬁd'toTthc colu-n st
all the pH vslueu, cdthof tbcy did havd a ;run nffiuity for" llpartaec—
Sopharooe or their tooeicctric poin:- vere lbovc pu 8 0. loct pro;atn.

in B. coli have iaoeloctrtc-pointo fro- pa.s.o tp 6 5 (24) Ap will be

_dﬁaququqd.tn Chnptqr 3,‘p;1 ﬁour ot“:h.,ptosqinn 1qnlntcd frop the as-

| 4

. pcrtltGJS:ihhrOlc column had Lno;;occtig poinio below pH 8 aend ‘there—

,_buffer. The 17K prptein no’ longer bound to the coluqn at pﬂ‘a.bf Thcse '



fore their interaction ‘with the column appeared to involve wore than’

- just an fonic attraetion. X . .

~ It should be noted that the protein profile of the first two

_lanes 1o Figure 9 was e;untiall'y the same as that of the secagd pair of

lanes. The oaly difference between the tyo .et:i is fhst thé .e-brnes ‘:

for the fi;.t set were kept at 4° (] Qvemight prior to affinity chro.a-

+

tography, whereas che mbranes for t.he latter set nre frozen as per

~

usual. Thia suggests that neither possible protein degradation in the

§°C aq-ple nor freeszsing of  tha sample affectgql the inte‘raction~of the -

x

-

proteins with the coluan.

(iv)Detergent Effect on Pkotein Fractionation - It has been ob—

servcd for 'aoqe ti-e ;hct .non—~jonic or sv:ltte(:lonic dete.rgenr.s are tha

agents of choice for gentle noo—-denaturing solubiuzation of dfological

s

-e-brancs (22). A survey of the l:ltetnture -:eveals that the choice of

- * . LI

'det.ergent depcndn upon the ‘particuolar enzy-e or protein being studied. .

A detcrgenb wh:l.ch efficiently extracts a- certuin enzyme in ad active

-

"~ form ny not. extract another enzyme or it may imhibit ics nctivity or

dcmtun 1t ‘when. extnc:cd (25). Pive different detetsents were

[ 4

invucigatod in this work. l'ti.ton x-mo I.nbrol px Po,l.yoxyothylene
Ether: w;, md occymuautde are all hon-ionic detergents, vhereas CHAPS \
. 4is @ m:tu‘fonic dctcmt. ‘All of the detcrgentc, with the exception
of octylglucmidg, hrc nud gor -a-brm nolubinut‘ton at conccntta- ]
tlou well: abovq uhctr critiul -:l.ctlm conc.nanuou (cuc). This
£ntn,rl¢uon is wxud in Tabla II. Oc,:ylg].ucootdc has bnn -ho\m to
h- effective at -olubnuing -brqud at copq,ntutiona wery unear to or
* aven Melow its Ql: (26 27‘) A coumtutlon of 15 mM octylglucod.do

(iti CE fs 35 aM) vas. obogn to b -tfocuvo :ln tohnbilizing cytophodc




-ehbrm v'esicles, as discussed earlier io-this chapﬂr

<>
-

. & Pigute 1 eo‘plrea- the mults from cytophmc lubram a‘lu—
bilized and afﬂ.nity-puriﬂed in” the pteunce of octylglucocldc. Lubrol
Px or CHAPS .The colu-ns were washed vith e ln pousciu- phosphate (ptl

6.6): aulf were theix elut‘ed succus!vely vith 100 dl phospl;ate and OrS M

sodium chl:oride. .Lanes 1 through 4 for 'each detergent shov the outer

DR -ulbtané cytoplasaic -ubune _and the protetm eluted from the affinity

column with 100 n( phoaplnte and sodium chloride re.pecttvely. All

three of the détergents hnd sililat -e-bune pronin ptofil.el and shoired
good aeparnuon “of outer and cyeoplasnic -e-hrancs ’l'he sulublliutlon
E of :he cytoplashlc -enbrane semd to be wore conplete in this exmtl-A

nent thau In the original expetinents with the Ksback aemsbrane vulcl&- :

--(-'I‘able I) ‘l'hia could be.due to the fact that solubi‘liution.mc

»
- 2

carried out at 37 °c. in :m- case as co-pared to 25°C for the vesicles..

-

;iJ The 1n¢oluble uterhl 1n Ehe hhack -enbram valicle pteparauons was
X . _ .
lx\v.efy due to the . outet Be-brnne containante. . S

-E'-’f . Ptgqre 1 stiowa - that only the 351 and 17K.prote1ul bonnd to the

k

oc:ylglucoci&e colu-n, virtully no ptoteln vas élutur wit:h .oam-*ef“o-
. ride.-- Although octylglucoude ucpnd to solubutu the cytoplasﬂc .
 brane offoctively, te- appetrda to Lohibft the bladidg of .the )3K.and A2

_'p;otpins L) bho afnnity coluan- In q%ntrul, tlu nfﬂn{ty colc-n p:o- .

'fl.l- for. Lub:ol PX vas vo:y sllihr to thar. of ‘rruon x—mo aucudthd

- .
e ) ,‘

L .:urlict. Thc 62& 3SK and ITK prptd.u mrc oluud wtth -100 -q phor

"

-*plntc snd r.hc SSK prot,in ho elutod ﬁtth )odinn dhléuch, .ltw ﬂn

‘ » ¢ 2

' u:h Lubrol PX alao and boa eonr.-muon vith wtu‘—btup =

protoiu {a 1ite dfinity cqlﬂ: ptot.oin ptoﬂl.o. ~uun;. th -ljoh .

level of thu uttcr prot.oin-,m n:utivoly lou - An uruu \xﬂrhdt. . "

“ 1
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Pum 11-11. Detergent effec: on protein fractionatioa. LB-grown
cytoplasmic membranes wrgoluuuud vith three different detergents .
and their affinity-purifi¥d prot€ins were compared. The detergent

concentrations .used for cytoplasuic ' membrane solubilfization and lffinity'

chromitography are listed in Table II-II. Bach tolumn vas washed with,

- {o. Wte buffer (p 6.6) containing 5 wmM EQTA, 0.8022 TSF. and
detecfent and wvas then eluted successively with 100-mM phosphate buffer

. tpﬂ 6.6) end then 0.5 M sodium chloride.

s 1-{ for each detergenagare: 1 - outer —btm 20 ug; *2 - cyto—
plasmic membrane, 200 ug; . 3 - 100 =M phocphate—cluted pro.:einc, § -
0.5 K gdiun chloside-eluud proteins.

0 - octylglucoadde; L - Ludrol PX; C - CHAPS . ~

’

.

P“uthl-lz. Phoophoupid eft‘ect on nlbune ooquiliuuou' and pto-
:~telnsfractiogstion. . LB-gfown cytoplasmic mémbranss were solubilited
with.1% Tricoo 2-100 ia the .absagce (-PL) or presence (+PL) of 3 mg/ml
of %Ecou phospholipide ap described in Experimental Procsdures. All -

columng were aquilibprat ted {n 40 @M potsssium phosphate buft (pg

6.6) containing 0.01Z Tritoq, 5 wit EDTA and 0.002% TSP, except where Na
ladicstes sodium phosphate buffar and 0.05% indicates 0.053 Triton tn
‘tbo column buffer. Lanes ! and Z for.each column indicate elution by
'&00 at phosphate and 0?5 M sodium thloride rupcctlvcly.

o - cy.toplanic u.brane. : . . e ‘
- - - ’ " \\
- . : L4 ¢
S I :
. : % "
. >
.J' o :
: . . 4\.
. |
2 ¢
I o e e
- . b
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protein eluted wich 100 mM phosphate from the CHAPS column was the 17K
band; the 35K band was very faint. -Sodiun chloride elut;d both the 53K
#ad 42K proteins from the CHAPS column and the yield of the 53K proteinv
appeared to be higher than for‘!be Lubrol column. A fourth detergent,
Polyoxyethylene Ether W17} thch ..,structutally similar to Lubrol PX,
was investigated in a separate experiment (data not shown). Its affi-
nity column protein p,pfile, however, was very different kto- that of
L;brol; the 35K band was absent, while the 53K and 17K proteins were
present in very low amounts. « . *
It should be noted that the detergent concentrations of the
column buffers used .in this experiment and in Figure 9 were 0.01%
(except fbr-octylgluéocide), v‘frea. 0.05% deCergent wag.used in all of -
&he earlier experisents. In the case of Triton, when the det;rgent con:.
centration was decreased from 0.05% to 0.01X, the.42K pro:etn'nov;d'fro-
the 100 aM phosphate elﬁtlon‘lane to the sodiua ;hlori&e lane (Figure
9). Thé'Lubrol 42K protein ru-aiﬁed_in the "100 aM phosphate lane when
o.ou)’.r.ugon: was used (Figure 11), while the CHAPS-extracted 42K pro—
tein vas eluted Uith.oodiul chloride regar&lct: of the detergent coancen—

tration in the buffer. Thcs; results indicated that the affinity-of“the

-

.QZK prgtein for the aspartate-Sephaross column was ififluenced by the

type .aud concentration qf detergent used.. In contrast, the 53K protein
was only eluted with sodium cbleride (or succinate) regardless of the
éonccntration 6& Tritoa or CHAPS in the affinity columa-bduffer.

(v)Phospholipid Effect on Membrane 6olubilization and Protein

Fracticnation - When Ld!hgtal sembrane proteins are .xtractodAfro-'thcir
i »

1o vive lipld environment, they often lose sheir native confor-ation

even uhcn aild, (;bn-ionic dctorgont. are uccd. This changc ia confor-
- ) .



3

mation may fesult in a loss of bfological activity as well. Therefore,
purification of the protfin by affinity methods and assays of its
function might not be possible. For this reason, sowe ‘membrane protegns
have been Qitracted or assay;d after extraction in.the présence of
exogenous phoapholipidg (18,30). The phospholipids that were used were
thdae.found in vivo with the protein of interest and they were tliought
“to preserve the conformation and hence tﬁe activity of the e;t;aqted

N

protein. Phospholipids were added during the solubilization of CBT43

. : .
' ¢cytoplasmid- membranes "in order to determine if any additionsl proteins

would bind to the aspartate-Sepharose column. 7
Cytoplasaic membranes were solubilized with 12-Triton in the
presence or absence of acetone/ether—uasheé E. coll phospholipids st a
concentration of 3 to 8 mg pho-pholiptd.per milligram of wembratie pro-
tein. The lipids were eitracted_as described -in Expgrlnental Proce-
dures.. The solubilized -enb}lﬁes were then run on nffinggy columns
.Ullﬁed with 10 mM pﬁosphate buffer containing 0.01X Trf:on_;nd pfotqlnl
were eluted first with 100 mM phosphate, then with 1 ¥ sodius chloride.
The SDS gel profiles of total cytop!ulic .membrane prateins solubi lzed
with or without added phoopholgptd: were very similar (Figure 12). The
00280 profiles of Fhﬁ columns from the Triton plus phocpﬁbllpld;.
solubilized proteins were similar to that.of=oi-plil'vithout phospho—
lipids. However, vuty little Coo-asclc-ltalned ‘protein was evident tn
the lanes fn\:a‘jthh pholpbolipid samples. ‘l\hi- occurred whether the
proteins were ether-washed, then ncctonq-prqcipit.tcd or just acetoae-
A p;ccipitntcd Eolloq}ng TCA precipitation. iithct the ptot;!ns were more
soluble 1id the c:hcr-b; ;écton. dpe to the pros;?izjof'tho addad phos~

pholiptids, or they did not stain vith Coomassie "because thc pho~

-
'
1

ur"\ 0

.
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lipids were not completely removed prior to electrophoresis. In any
case, Figure 12 indicates that both the 53K ‘and 42K proteins bound to
the affinity column when iepbrane- wvere solubilized with added phospho-
1ipids and that the 42K protein was eluted with 100 mM phosphate when
the concentration of Triton was raised to 0.052 in the coluymn buffer. A
0.75 = silver—-stained gel confirmed the fact that the same set of
proteins bound to the aspartate-Sepharose column for meabranes solu-
bilized 1p'£he presence or absence of phospholipids. Therefore, subse-

quent ‘experiments did not use added phospholipide.

(vi)Effect of Potassium, Sodium and Magnesium Ioans on Column Bind- -

Al

“iog - In whole cell transpo}t studies with both LB and M9-grown CBT43 ™

cells, it was ob;erved that succidate transport was much higher when the“
cells were assayed in potassium phosphate lqstead of sodium phosphate

buffer (31). ;hcrefore;'the effect of sodium vefc;s potassium ions on

bindinf of sélubili:ed cytoplasmic -epbr.ne proteins to the aspartate-
Sepharose Eoluin wvas 1qvestiga:ed. Thefleft-hnnd lanes of Figuwre 12 -
(-PL) show the results of the experiment. Both columns were run with 10

aM phoup@ite buffer containing 0.01X Triton. The proteins :I;E:d with

100 aM pﬁéuphate and 0.5 M sodiunm chlortJ; were essentially the same,

except for aminor changes in band intensity, whether sodiua or potassius
phosphate buffer was used. The only notc;or:hy §1£fétenceo uer; a .
“'dccrccood'loé;l of the 35K ﬁrotcln.f?d a slight increase in the amount of

the 53K ;rotcin eluted from the potassium phosphate column. Subsequent
cxpotll;nt. used ;otanliu- pho‘phasc buffer in case the patassium ion

had an activ-tin;-otfoct on ou;clna:o binding similar to eyat sesn in

whole cell trasnsport.

Most of the affinity golumn experimsnts included 5 mM EDTA and
2
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0.002X TSF in the column buffers to inhibit any magnesium—dependent or
serine proteages. To account for the possibility th;i divalent ;ations
night be necessary for the activity of the succinate binding proteins,
affinity columns of CHAPS-solubilized proteigs were run with e{ther 5 aM
magnesium chloride or 5 aM potassium EDTA in.the column buffe¥s. An SDS
gel from this experiment showed no difference’in the proteins that bound
to the column in magnesium or EDTA-cootaining buffers, so EDTA was in-
cluded in further experiments as a brecautlon against proteolysis.

.

Desalting of Succinate.Binding Proteins - The protein profiles

‘presented in the preceding sections consisted mainly of prateins wh{ch. d
were eluted from thé affinity column and were then immediately TCA
p;ecipitatéd in preparation for SDS gel analy-is; In order to determine
if these'pro;eins were indeed succinate binding proteins, it was, neces-
sary té do Siudlns as;ays with [16C-2.3]-iucclnlc acid. 'The‘protelno
were eluted fr;- the affinity éoiunn_vtth a'hlgh fonic strength buffer,

either 100 mM phosphate, 0.2 M succinate or 0.5 ﬁ sodium chloride. High

ionic strength buffers -ighé interfere - in the binding of succinate to

_ gared. They focluded column desalting using Sephadex G25 end Biog‘l

€

the proteins, since succinate {tself is a charged molecule and charge
-lght{play a role in the ‘affinity of the binding prdtetn. for their
substrate. Therefgre, the protein preparations had to be “desalted”

\ . i , .
prior to any bindiog assays. Seversl desslting methdds were® investi-

P6DG gels, Amicon ultrafiltration desalfing and dialysis.

. Sephadex G25 is a carbohy e polymer in the form of porous

beads which exclude molecules witA msolecular weights of -roughly 25,000

Daltons and higher. It was tried in both columns. snd batchwise ln'a

'

. cantrifugation method to desalt the protein clnéi-.. In the latter

.
L.
.
s
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case, it did not prove to be an effective means of dbnaltinh and in bﬁiﬁ

cases the recovery of protein from the G25 was very_ low, presumabdbly due

— -

to nonspecific binding to ;he gel.

Biogel P6DG 1is coiﬁbsed of palyacrylamide beags which exclude
molecules sbove 6000 Daltons molecular weight. It was found to be a
fast, effective means for desalting the protein samples. Although it
-llso tended to bind the proteins nonspecificaliy, the yield from the
P6DG ;as better than for the G25. It was al;o expected that the P6DG
'voula allow for better recovery oé the whole range gf éroteiu@ eluted
from the affinity colu-n;;stocéiPGDG'l nolecuiaf weight exc}uaion limit
{s much lower tﬁah that of the G25. ) l

Figure 13 shows the elution profiles from both the aspartate-
Sepharose and P6DG columns for M9—-grown, Triton—-solubilized CBT43
- membranes. The cells were labelled with [3581-.ulphate in order to fol-
low thé‘ricovery of the proteins {n the various steps. Typically, the
100 =M phosphate and 0.5 M sodium chloride peaks from the affinity
column were poolc&. then c&ﬁccntratcd down tg around 5 ml each with a
YMS or YM1O Aaicon ultrafiltration na-brane.'.sach sample was then
loaded onto a 30 mi P6DG column (1.5 cé ID) equilibrated in 50 =M
potassium phocph.te,.py 6.6 and 0.01;-Tr1ton atiboc. The columns uére.
eluted wvith the same ﬁuffqr and the pto:c}n-detorgcnt micelles emerged

ia the void volﬁlaaof:thc column while tﬁi ualq. were eluted later.

Protein was followed by 00280 messurements or, in thig case, [3SS]-DPH
and salt was followed with a eohductivity meter. The recoveries of the
160 M peak from the Amicon and P6DG column were 69% and 75% respective-
1y, while che NaCl peak recovaries wers 792 and 51%.

Although the .ncovm of the NaCl pesk Irom the P6DG column was
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,?_1801'3511--13'. Aspartate-Sepharose and Biogel P6DG:-column profiles. -

A - [77S]-labelled, Triton—solubilized cytoplasmic meubranes wete loaded
onto an aspartate-Sepharose column equilibrated with 10 mM potassium
phosphate buffer (pH 6.6) containing 5 mM EDTA,-0.01Z Triton and 0.0022
TS¥. Protein was eluted first with 100 aM phosphate buffer, then with
0.5 M sodtiun chl.oridssin the same buffer and wvas detected by measuring
the radioactivity ([~ S]-DPM) in each cGlumn fraction. "

B = The 100 aM phosphste peak fros A was concentrated on a YMIO Amicon
ultrafiltration mendrane and was desalted o a 30 ml Biogel P6DG column
as described in Experimentsl Procedures. The column was washed with 50

mM potlllil'J‘phOlggltC ‘buffer (pH 6.6) containing 0.01X Triton. Proteind.

was' followed by [~ S]-radiocactivity and salt was followed by conductfivi-

.'{y. . R -
C = The-sodiua chloride pesk from A was also desalted on)h'e ‘Biogel P6DG .
column. : ’ . ‘ o ‘
*-\ - . ) .. - - . | .'.
. . . \ . -
\-
L} \\‘



L

. e - Q.
. . - e-O1(See) WD

B .
. v .
- . ]
~ - .
H . ’ .
' .
r r

. ; £

4 'S .
] 3

;
[ * .
- b « - . e

| o
: LA p :

. Lo vOIT (BN

’ -4 "
. -

e
oo O ’ m

et r
' * v Vo ]
N .
» )
. .
. . f
— - e . “ [ ]
//I»\n\l\ll...
L)
- .
.- . - . S f
X .
- .
L
. -
-
+

|
4%

K 4 .
’ * v,
. . L.t 6—Gyu0IN () MO
- . ” .‘ .
F 4 T . -
- ) S




2

. peaks were examined on an SDS gel, {t became apparent that one of the

th;n that of the protefn eluted-in tﬁe firsc peak. This 62K_doublet was

~ observed in several other experiments. as inrii_ﬁut more often it ap-

cithcr f:hction -ly have dapcndcd oa whcthor protcolylio occurrcl bc!oru I

’concnntratc and dc;alx the: ptotcin -ana;c-. .Poblcd.alttqity eolu-n e

respec:abic, Figﬁre }13C shows that a second peak of protein emerged from

the column directly underneath the salt peak. When the vatioys proteir’ V

protein species vas beisg prefeteﬁtially bound to the column. Figure 14

shows the first aﬁd secohd NaCl peiks eluted from the P6DG column. Both

~the 53K and 42K proteins were retaiued by the column somewhat nnd were:

present in boch the flrst and second peaks. The -olecular weight of'the .

"42K" protein that was.retained by the P6DG column wae slightly higher

-

.. peared as a single -molecular weight species. éouever, the 17K protein B

vas only preseat in the second.‘éak'ahd una'therefo(e unavailable for

!

binﬁin; atudiqa carried out vith the first peak. Thia resuL&‘nny ex-‘

»

plain th: nbtence of the }7K proceln in the early expertnent- (Pigu:as ‘<
I
5 to 7) uhgre anc de.-lclng was toutinely uoed prior cp SD;‘sel e}j!h

\
trophoreiis. lt ihoold aLso be noted thpt the 17K proteln was prc-ent

in the iodiun chlorlde penk in :hls pdruicular expcrilent, tnnteud of Ve

‘

. :he 100 | polk a8 ln many of thc ptqv10us figurel. This Iove-cnt- of s .

’
. . -

_the, ITK.procctn hctwn-n the kOO -H _and Hacl pelk vas qbsetvcd in. toVerll R
cthor cxperincnt-c This luggeltcd that- 4t light bc s dngrndatton pro—

duct of one of thc other ;ftxnity-puritied ptbtelns and tt. preotncc in a

 ——
~

or lftar nf?inity éhmo-atogr.pby. _

i

B Duc :o cbc lol- of prozeiu on thc P6DG colu-n A-igon ultrafil- L
crutlou nllbrcnco (YHS ot !HiO) leo utcd in fu:thcr cxycrjnnnt- to f'- .
. ‘- . :‘

fractions were concoqtrq:cd and diloted several times in the Amicom wnit - .

- - N - . . » - L . <
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Figure [I-14. Desalged affinity coluan. proteins. This gel shows the
100 uM phosphate and 0.5 M sodiua chloride proteinsfafterielution froa
N -. the P6DG desalting columns described in Pigure II-13. '
. " Lane 1 - désalted 100 aM phosphate proteins; 2 - desalted NaCl proteins

L e (first P6DG peak); ‘3 - desalted NaCl proteins (eecond P6DG peak)
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wvith h\_;fht.in'o.u!.cr' to ic;vcr the lqi:ic ‘-t'l.'ena,gh_ of -tl;c o:up.lu prior cbl
Moding ot}.uueu. 'm CHARS \ll'l used’ iuie;a of ‘l‘riton\.;-w(-) in :ol.u-
b:lltmbon and porifiuubn d-ﬁles \nte conccntrated via the Anicon y
.. and -thpn vere dnut«l by dialypio ovetul.ght r. % 1n t.ln lPPrOprute
. buffer. Dialyni- rc.oved excess -dct.organt from the u-plo in addition
. to lolnr:lna ics 1onic urenath. ﬂouevet d.talylis could not b;ulcfd
_vit‘h ‘rriton u.nce it has’ a lov 1 (0.0151) and for-s vet'y hm mi-
ccue- (90 000 Daltoa‘a -olecnlq.‘ weight) (22) In cdn:rcst. C&APS' CHC '
is such hlghu (O 491) nnd itl ucplle. are -uch sullet (6000 DtItou
'-olecuhr \night) (28), so lt catu be rudily ta.oved by dialysh. To_
prevent m lou of the 17K p(ctun, Snctnpor—B dislysh ’tublng with a

‘molecular \n.l;ht cutoff of 35(10 Daltons vas ued. )

Succﬁn.te B’indlgg;ulaj_ - chcral diffcrent. biading sssays vere o

»

md. to deteminc lf thc pro;eins 1nol,§ted by thc uputtato—-Sephqrose

’ column_ vﬂ‘e i\ucclnptc bindl.ug pto:dtu. 'rhue ucludqd Pﬁnc colm

. blndin(, protcouponm, nitrocclluldu-ﬂl.ztltiou md equ%ﬂib,rin-
dhlysu, kogtlmly, -olubumdmytophs-ic .ubran'cn (20 m) from 6 -_
utuu of LB-g!'ouu celll €10 = 12 "vc: veightr) wre 1oad.e;l outo four

. ‘._ .
60 nl a;pcrutc-scplurocc colu-m (1 5 cn m). " The colu-n: wvers wuhed

.vigh 10 ﬂl ponulu- pluo\phatc, pH 6 6 buffor nnd :hcu 100 an phuphn.e . '
. and 0.5- N sodism ctrloridc pub wvere clured. The cqhnn buffort fo-"
| ..'_cladcd s =i pocu-m- EDTA-and o.oozx TSP along vith eiter 0.05% of -

o 012 dosqtgont. As untioncd urliar lucclnato was atoidcd as an

' \
. —"ttmt fpr tho afﬂnir.y\ colm ¥4 bi tng ,tndiu were to £ollow. “.nce

\
ite r-oul vn doulcin* -ight aat bo\ co-phtc.. Even & sasll’ reaidusl

" amount of cold Buccinat -uht intpt‘fi‘u vtth the binﬂin'g of udio—'

' ocnvo succioate to thc teids -




Py v
14

Btthor 'rrtm 1—10.0 or m-uluhluzod protclu hro vead fOI‘
the N.ndlng ltudln. ‘l‘ht lv‘ougo yuld of prouln elutod froh ﬁn n(-
ﬂuity column pcr grd vet v‘.l;ht ot«cclll vas 31 ug for the 100 d&
L " phosphate-sluted pesk. (0. 01% Triton 6f CHAPS) and 11 (GHAPS) o 20 g
' (‘l‘rit.on) for b, NaGl-eluted pcat._ Boch detergents were .houn o
cxtuct :hc u-e ne of‘fﬂuuy colm proteins. (\rtth the mcpuou o( Y
thc JSK ptoteln wlth uuPS). yith Iittle or no. ouur @embrane coau-tnr
~.tlon. Bmmnt ttu tvo detel‘gcnu are ch-l.uny ndwyually nry
| ..——dtfftrent (22 28). '!:hc prou!u mht thea tn cxpactod to lnfuu :
: dilfcrchtly vith rqgeet‘ to cqnfomti.un and’ cuhstuu h}q&m nhfuty '

-

in eqch dctcrgcnl:‘ The poakt tl.u:ed !m the ntftﬂcy—;n(.uhn were,

’\

c.om:entnicd cnd dcatlt.td as Mrlm almvn tnd wrf thcn otbtod on_ fce

at 4% ptior to r.he btmuag uuy'._ It. -honm be- -muun«l cluz -3 gol

proﬂlet of th 100 ﬂl tnd NnC}. p!oul.m prt ow Ice durin; m btmng

uudtu ucm m any dlffetunt tm t&n«. o} iugles th-t wm r_ca‘ !

prccxptuted Mucly cftor qctt‘j.oltj chrwtngrqhy. tlnnforc.
prctco,lyt,ic dcgudouon did uot -ppur t@ br v 3 proh&gqior&n; t’b& blnd-

iag nu,yo. m f’racttm tuud £or «buuung ntlvuy vorq tho oﬁglul

A

unbuu.—d.urm: .xtm:u. t.bq prouuu -mlws ekeou;k the -aft uu;y

N coluﬁn md' :he 109\ -l! pbon.pl'lltl And-mﬁ\l aolxqq chi.orldc putn elutoé

: ‘fro- ﬂu dolu-n.- R D -_; :, t“_~ , -_ F W i .

(1)P6DG COLu-n slnda - ‘rhic bimﬂﬁ; tmy vn onl*y u«d fcr thg

v

"wf‘.'rrttoo-oombﬁubnrotuu bouun :bo ﬁy\l’s-m!ubt.u:“ protouu PR K
: ‘, ";j,‘.-.‘lnutmcd too, lttnngl_y vtt.h. tbe iiml PGDG an’ l_udtutod by colu-n

"“JA;.

‘e

tccoury -h«hn vich [ 3)-1.!:.11«! Cﬂl"f-’d«ttmnd pro:olu; This .

. - uu! -!lum bouh bo‘und nnd Ir’u w’m-tnth ln t’\l' case l1 Cl'

*

mxmd. tt uk" ase o( :yu fhé\t ch;t. m prcniq tar ptoutu—

~ B N (l 1. z,ul' K LT
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detergent Aicelles) and any'bOund substrate are eluted in the void

volume of the column, whereas the free substrate is retardgd'by the

-

column. The molar binding ratio of substrate to protejn can be deter—

mined from the substrate’?s specific activity and the amount of protein

A

in the assgy. This assay is dependent upon the ability of the protein-
substrate complex to remain intact during passage through the P6DG
column. This ability is in turn dependent upon the Kd of .binding of the

conBlex. Therefore, a compromise has to be made between a coluan long

Oy

enough to separate the bound and free substrate, but short enough to

f

allow minimal disruption of the protein-substrate complex. -~ -

As discussed earlier, the recovery of the affinity-purified

proteits from the P6DG column was not 100X. kﬁﬁ, the first step was to
determine the optimal cond}tions for recovery:éf th?.proteips from the
P6DG. This was done witb i3SS]-labe11ed affinity-é;rified,prorelns.
The rconditions that'gsve both the best recovery of protgin m&? best
,separation of ‘protein and.f;ee succinate uere.a 5=l P6DG (1 em ID) '
column equilibrated'wafh 100 mM potassium phosphafe, pH 7.§‘bbffer
containing 0.01% Triton. Fractichs of 3 drOpé were collected with an
LKB Redi-Rac frécéibﬁ.;gllentor. These conditions gave 86X and 34%
regoveries fgr the 100 mM and NaCl peaks respectively. Ihe high ionic

-

strength of the 100 mM phosphate buffe}fﬁky have interfered with the

':§1nd1ng of the suq@inate to the protein, so 50 mM phosphate was used

. . -
instead. This resulted in a decrease in the recovery of the proteinni&

from the column to 682 and 25% for .the 100 mM and NaCl peaks respec-
¢

. \

.- .

tively.

The"b;nding assay was carried out qs:dnsbribcd in Experimental

Pﬁoceduiéd. Just prior to binding, the affinity~purified, desalted

-
~

L 3



proteins were concentrated down to a final volume of around 1 al 2h a 10
[
Y 4

ml Amicon unit. Binding was carried out for 60 minutes vit%/gg;h 200 uM
. - [ Y

, and 20 uM carrier—free [160-2,3]—succinbc acid. The séeé&f&city of o

: /
biading was determined by the addition of "celd” or unlabelled,%? oM or//’
2 =M succinate to the samples 10 minutés prior to loading tfea onto iﬁe PO

P6DG column. The columns were washed with 1 M sodium chloride in-

-
€ ¢

between samples and then were equilibrated with column buffer in drder

. to remove aay bound proteins. The results of one such binding experi-

ment are presented in Figure 15 and-Table }fI. Figaure 15 1is a plot of

&

the binding of 200 uH'IlAC]-éuccinatg to th; N4Cl protein sample with

and without the;addition of cold 20 mM succinate. The cold succinate

> ) did not compete out apy of the binding even though it was 100 times in
. » — .

excess of the radiocactive succinate. This was true for the 200 uH‘and

. 20 uM succinate binding of both the 100 =M and NaCl samples, as seen in

' Table III. Average molecular weights of 26K (35K and 17K) and 47.5K

~ . “'-\\
(53K and 42K) Daltons were used to calculate the molar ratios of pro-

tein succinate for the 100 aM and NaCl samples respectively. Ideally,
A\ .
one,would expect the molar ratio to be close to 1 in the case of a

. . purified succinate binding protein, assuming one binding site per pro-

tein molecule. However, this does not take into account the fact that

\J

. . ~ .
> - the protein may be inactivated or its conformation may be changed to a

certain degree durins the pprifiettion proceqs,-n. will b? discussed I/

lltér. In nny case, nlthough tse uolat ratios were much greater than 1

for hoth the 100 -H and Nici tanple (Tnble IIIA)Y it should be noted

that the NaCl lllpl. had a -uch higher (5 to ‘6. times) succinate binding
- LI

capacity, as indicated by ailouar protein:succinate ratio, than did the

.100 a sample.



Figure II-15. Succinate binding assay: P6DG column profile. Triton-
solubilized, affinity-purified proteins were desalted as shown in Fi-
gures 13 and 14 and were assayed for suyccinate binding activity as :
described in Expeiénéhtal Procedures. This graph shows the co-elution
of bound 200 uM [~ C]=-succinate with the NaCl peak from a 5 ml P6DG
column equilibrated in 50 mM potassium phosphate buffer (pH 7.5) :
containing 0.01% Tritdn X-100. Gompetition of binding by 20 mM "cold”

succinate was alkso measured., The data from these binding experiaments
are summarized in Table III. ‘ . ’

w '
Table II-III. Succinate bdinding of affinity column fractions: P6DG co-
lumn assay. Tritonizolubilized, affinity-purified proteins were assayed
for 200 and 20 uM [ C)-succinate binding activity as described in
Experimental Protedures and 11lustrated previously in Figure II-15.
Table IIIA shows the amount of succinate bound (picomoles) by each
protein fractioa and the competition of that binding by 100 times excess

succinate. The molar ratios of protein:succinate were calculated as
cribed in the text. Table IIIB shows the binding of 200 end 20 yM . —

* [+ C]=succinate to 100 mM phosphate and 0.5 M sodium chloride contral

samples asgdescribed in the text. This binding was subtracted frow that
of the 100 wM and sodium chloride samples to yield the corrected pro-
tein:succinate ratios. . -
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It was noted that the.concentrated samples were always opaque
eod their absorbance at 280 m (0D,g,) was always greater than 1,
regardlqis‘o{’the original detergent concentration used or the method ;f'
desalt{ng‘?The-concentrated proteih conEributed to part of the 00280'
but the phenyl group of Tritom X-100 a;so abso;bs at 280 éi. Along with
the protein, the Triton was con&eatratgd by the Aaicon because its -;-.
celle molecular weight is so large (22). To ensure that the succinate
binding seen in éhe P6DG Eolunn ;ssay-uas indeed due to the p€5ce1n pnd.
not just nonspecific binding or trapping of succinate by th; Tritoan
micelles, a control experiment w;s carried out. Blank volumes of 100 mM
phosphate and 0.5 M sodium chloride buffé}s were concentrated and de-
salted in exacgly the same manner as the prOte{u samples. Succinate
‘binding‘to the concentrated, desalted b;ffers was then measured. Table
I1IB shows the results ;f that experiment. When the binding due to the
concentrated Suffets was subtracted from the bindiﬁs of the pro;ein
samples, the nblaf t;2108 of protein to succinate became largers Clear-
iy; concentra;ed Triton micelles contributed to the succinate binding of
the. protein samples. However, eyenawhen this control value was sub~
tréé:ed.f:q; the protefin samples, the NaCl aanélé still showed a higher
succinate binding capacity (4 to 5 times higher) than did the 100 aM
sample. The amount of:succinate bindiné by the 100.nﬁ and NaCl blanks
'may in fact be an oveteoti;atlon of the nonspecific binding by detergent
E:Ee}leslin the protein saﬁp{es. oinc; nicélleo fqrn more rdudilylin thc'
abseﬁce 6( protein (225.; It 13-11;; intcrentins éo note that when the

corrected values for the amount of 200 uM versus 20 uM succinate bound

(4 . .
wvere ‘compared, the ratio of 200 uM/20 uM succinate bound was very nearly

. \

1 for both samples’. This ouggcntn&;’h.grggis corrected component of

\
L) - -
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¢

-

binding dkd not reflect nonspecific¢ binding or trapping of succinate by

the protein-detergent micelles, since binding was already saturated at

the 20 uM succinate concentration.

(11)?rotcolggpso-e Binding Assay - In otder to compensate for the

.

possible loss of conformation and biological'activity in the extracted,

affinity-purified proteins, attempts were next made to recoanstitute the

+ s

- - ‘\:
proteins into liposomes. This bas been doffe successfully for the

lactose permease of E. coli (1,15,18) and recemtly for tvo otﬁer bac—
terial ne-brane‘tranaportgrs (32,33)s The yield of phosphélip{da

extracted from E. coli was too low (60 mg from 6 litres.of cells) to be
E. coll A A

g
>

used routinely, so a mixture of‘the three major phosphoiipidi_found in*
the cytoplssmic membrane was prepared froa co-ercially-pdr;ffed'lipids.
A ra:19 of 70:15:15 for phosphatidylethanolamine, phosphacigyléiycerol
and cardiolipin respectively vas used to approximate in vivo ;onditions
{15). Liposomes g;re prepared as described in Experimental Procedures
(15) and then thz affinity-purified proteins uereluséd to prepare pro— .
teoliposomes by the octylsluco;ide dilution procedu;e (18). Both Trito; --c
and CHARS-oolubilized'ptogeind-wete used in.tnu.recon.tiiutlon studies.
The amount of.ZOO and 20 uM [16C]-lucc1nate bound to the }roteoliposdmes |
was measured using both membrane kiltrfiion (i) and centrifugation
methods. ' 3 | \

§everal technical problems were encountered with the pro:eofipo-
some reconstitution and binding studies. Only a small fraction of the
Triton—-solubilized praoteins were iqufborafcd into the lIiposomes, as - -
&‘tcrninod by a Lowry asgay that indicated 3;.lnd‘i81 incorppration of
the 100 mM and NaCl samples respectively. An snsi#ol showed that most
» - - .

"of the 100°mM protein (35K, 17K) and a lot of.thc NaCl -protein (S3K,

. - 3

. "
Y M .
-
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,'QZK) remgined in the supernatant after éentrifugathn of the prdteo— .
liposomes. Thas :@gults with éhe CHAPS proteg;n were somevhat better. - ~—
Although a Lowry assay indicated that only-lO? and 12i'¥!spective1y of
the 100 aM and Nall proteins vere 1né6rporatéd into thelliposouea, an
SDS gel of the supernatants showed that the 17K prgtein seemed to be
selectively incorporated into the 100 mM proteoligssoneb. As well, no'.
detectable protein remained in the supernatant from the NaCl proteoli-
posomes, indicating fairly complete 1ncorpofpt1qn of botht:he 53K and

-

42K proteins. The accuragy of the Lowry. assay was 1in quﬁttion gince the

liposomes were not completely digested, even with the a&dttion'bf 1X
sns; and the samples had to be-spun prior.to measuring their absorbance.
Finally, when the éHAPS proteocliposomes were assayed for succinate .

. binding activity by either the ceatrifugation or filtration method,“the
background level of binding. by blank lipoapnei‘was as high or higher
than that of the ppoteoiipoaoqg samples. +This background binding or

trapping of succinate b} the liposoués was high enough in some”cases to

obscure iqy expected binding due to the proteiﬁi[ It was found that
_ . ) T .

it rqg}ica:eq of each assay condition were ﬁol.reproducibie for eitlrer
bindiné method,  although different'conbfhatlonc of incubation times and )
° » . ' .. .
wauhdngg_we;&-:rled. Therefore, the proteoliposome bindingsassay did 2

4

ot appeat’ta b;'a uteggl.approach for weasuring succinate binding to -

the qfflniéivburigi;d proteins and. it was n@t investigated further.

N

I . ({11)uehbrine Filtration Method - Another method that has been used

) S
sucgcessfully to demonstrate substrate bindidg for both periplasaic and

]

T -@Qﬁrane proteins is the membrane filtratiod method described in Experi-

. N - . . . . .
, - . .‘mental Procedures. -This method was used for the HisJ binding protein of °
| ' - Salmonells ifL;(iS) snd tho'iapartitc ch:fog‘xlg taceptor of g; coli p ,3
. -————-, ..‘ ., . ‘~ . . ."-‘- - "- “-'
! v b . SR !
. , ] ‘.. '."'*'M
v ‘.“_ » “_:- " r

\
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(30). 1t uses nitrocetlulose filters té_bind the protein-substrate

cogpléua, so it is dufni:dnt ‘wpon t\'\e ‘ability of the. protein to adhere

to the filter and on cb& ability_of the coaplexes to survive filtration
' 'S

and washing.
f

A -

For this system, omly CHAPS-solubilized proteins were assayed

3

due to the problems encountered earlier with nonspecific binding to the/

" concentrated Triton micelles. Dialysis was used to remove excess

detergent and salts from the concentrated CHAPS proteins. One probleﬁ
that was encountered ;nstegd with these proteins was that the 100 aM and
NaCl samples tended to preciﬁitate out of solutiod after &ialysis. Nd£
much preciptitation occurred vhen the original CHAPS extract or affinity
column wash was dialyzxed. This phenomenon was proba‘ly a result of the

removal of excess detergent and/or phospholipid associated with the

. concentrated proteins befofé dialysis. However, the addition of exo—

genous phospholipids te the samples priqf to dialysis did not correct
the predipitatio; problem. ‘After trying.differcut phosphate and CHAPS
con#enttations ;nd §1f]i}ent dilutions of the samples in di#lysié
buffer, cnnditiona were found that left a reasonable ano;ut of progéin

own cells wer® concentrated-to an 00280 of no more than

- in solution a:zfr dialysis. The affinity-purified proteins ¥rom 12

litres of LB~

".0.50 and then uefg dtily:ed overnight at 4°C.against 100 volumes of 50
‘mM potassium phosphate, pH 6.6, 0.52 CHAPS buffer. The high concentra-

tion of CHAPS used in dialysis was diluted cut with phosphate buffer in

the binding studies to a final concentration of 0.1%. When the 100 aM

-~

and NaCl oa-pido vere ccntrlfﬁhed a£t¢r~dinlyoio: 332 and 88 respec-
tivaly of the proteins remained in the supernatant. -Eveh though the

of the CHAPS extract snd tolumn wash were very high (2.7 sad 1.5

88



latter point will bc.dhcp-tcr.
[ 3

- L]
\ .
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respectively), about 90X of the proteffs: in these samples also remained

I ] —

in soluflon after dialysis. SDS gel analysis of the spun and unspun

samples showed no qualiﬁitive éiffgrence {n the protein pattera of each
. .

fraction. -

"
Binding with 20 M [ °C]-succTnate was carried out with both the

spun and unspud p%ocein samples for 60.minuteg at 25°C as described 1in
Experimental Procédures. [BSS]-Labelled samples were uqed to deterauine
the amount of-protéin bound to the nitrocellylose filters. It was found
that 79% of the 100 mM protein and 77% of the NaCl protein bound to the

filters in 50 uH potassiun phosphate, pH 6.6 regardless of the detergent

. concentration. The results of the succinate binding studies are pre-

sented in Table IVA. The results, done in triplicate, were fairly
teproducibie. Molecular weights of 17K and 47.5K (42K, 53K average)

o .
were used to calculate the molar ratios for the 100 mM and NaCl samples

respectively. Even fhougﬁ the majority of the protein remained in the

s

éupernatant for all of tﬁe samples, the binding of succinate by the spun

samples was no higher than thet of the blank. Combinations of -different

protein fractions wére tried to see if a necessary cofactor in one

3

fraction could stimulate -binding in another fraction, but there was nd
difference in succinate binding in the combination samples. However,

éuqcinate binding was detected in the unspun samples, with the excep~-

tion of the CHAPS ei!racc. Two aspects of this binding were siailar to

that observed with the'P6DG column assay. The NaCl sample again bound
about 5 times more succinate than the 100 mM sample, as indicated by its
lower protein:succinate ratio. In additiom, this binding could not be

conﬁeted out vith the addition of. 100 times excess cold succinate. Thi;

-— -

. . L}
» L d
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Table 1I-IV. Succinate binding of affinity column fractions: Membrane
. filtration assay. ﬁus-solubilized, affinity-purified proteins were
assayed for 20 uM [~ C)~succinate binding activity 38 described in the
text. Binding was carried out for 60 minutes at 25.C. Table IVA
compares the binding of succinate to both spun and anspun preparations
of 100 wM and NaCl protein samples, as well as the 10 aM phosphate
affinity column wash and the total CHAPS wembrane extract. The data was
corrected for the amount of protein bound to the nitrocellulose filters
and the molar ratios of protein:succinate were calculated as described
-~ in the text. Table IVB shows the binding of succinate to the spun sam-
ples in the preseance of 40% glycerol and 2.5 mg/ml E. coli phospholi-
pids. The binding to the samples was corrected for the amount of succi-
nate bound to the control.




CoXhmn
wvash

Corrected -~

100 m4 - 2358
peak pacles

Cortected -

XaCl . 45
peak

Corrected ®

e

Control 1.8
+0.4
P

3 Sample -

Molar Ratic of Protsin:

Succinate Bound & Corrected
(4PL and (pwoles) (pmoles)
glycarol) .

CHAPS 6.8 + 2.8 -
extract

uecisate

‘Golumn
vash

4614 + 8.3

100 mM pesk 43.5 + 4.2
(85 pmoles ’
of proteim)

RaCl pesk
{4C pmolaes
of protein)

40.8 + 5.0.

Couotrol 37.4 +.8.8




~1Toveuaurc that the binding dbaerved 10 the unspon samples was
‘ot due :o-uptake of aucctnate by- contaninatlng bacteria, several con-
trol experiments were catried oqc.: Theaa 1nc1dded the .use of hacterial
gtovth 1uh£51:ora 1n"tbe duccinate biudins assays anﬂ binding atudies
with everal other radioac‘tive subatrates.- In the eatly work ofr. these .
transpOtt components, GQuilithua dialysis binding of succinate to the
p;otaipa vah cxrtied-out ian 50 pﬂ phosphate, p8_6=§ bpffer that coa~
_tatned 55 anjaraenaaé ao inhibit'bac:erial grSvth (5)- Arsenate accs‘
as an analogue of 1uorganic phosphate and causes 1uh£b1cion of oxidative
phqpphotylatloq (32) When_allower amount of‘qraenate (10 mM) was
a@ded to thelpgotqin_sanbles in the nenbraae‘filtfatioa'néchod,:in-inh .
hibited silcinate bioding to the 100 mM and ;z.cl.'sanples to the extent
of only 19X and '13% respectively, but it did' Rot inhibit binding to the
affiniey column uaah" This aaaa concentration of arsenate inhibited
vhole cell 25 uM auccinate uptako iu CBT43 by 32: (31). The dtfﬁiculty
'vith uaing arsenate: in this 1nstance la that "’ it was actinog against a ‘
high backgronnd of phdaphate -buffer (50 mM) and therefore night not be
able to affactivaly 1nh1b1t ATP ayntheaia. However, it was found that

. —

the additton of 50 aM aodinn arsenate to the assay coupletehy 1nh1bited
any b;ndina of auccinate to .the unapun»protein aanplea.~ uore inpor:ant-
_ly conpla:a tohibieion of auccinate binding :o these samples Gas alao
DblorVQG uhan 50 -H aodiu- phoapha:a vas added to the 50 nﬂ phoaphate

' alaay huftar. ‘This auggcatad ‘that auccinatc bindlng can -be affactad hy

the tqta; lonac atrdngth'(1001pn)‘of tha'addcd ataenate or phoaphita in.

... ‘the’ assay. bofta‘n Siace 100 M phosphat&ht. no effect on succinate op-

taka by‘bactarla or -ub:ang vaaiclaa, thia 1nh1bttory tffact ahoued

- that tha oﬁaprvi#-asaodtat;du of aucciaata~udﬁh the protein aaaplaa.uaa *‘_



. e . ) ~ .
due to binding and aot due to uptdke by contaminating bacteris.'

- ~

3

. anothcr reagent the cen inhibit bacterhl succinate uptake is

carbanyl Q.nide -—chloro‘:heny’lhydtazone (@CP) which acts to uncouple

! oxidative phuphorylation from the respiratory chun by collapsing ‘the

. membrane, proton’ gradient g33)_.~;ccr (5 uM) -coupleti*y fahibitdd binding

to the wunspun 100 mM and NaCl samples and inhibited binding to the

colume wash by 752. It was demonstrated previously that 10 uM CCCP had
. N ' ~ . ¢
no effect on binding ?f malaté to the succinate transport omponents fn

* »

intact cytoplasmic membrane vesicles (¥ ). However, CCCP is_alao known

.

s .

to act as a sulfhydryl reagent and sulfhydryl groups were stown to be

- * ~
{nvolved in succinate binding to the isvlated transport components in
earlier studies (5). It is conceivable thar the {ohibitory effect of

CCCM su‘ccini/“binding could differ ‘depending ‘'upon the cdhfomgion

of the nenbrana proteins in thetfr uolated versus in aitu state.

«

Pinally, 1ncubation of the protein sanplea with tadio&ctlve 20

L,

uN,proline glycine afid aspartate shoued no binding “or transport of
these_substuten in aqx of the samples. This laet obtgrvatim; suggested

that the binding observed in the unspun sahples wvas not due {o:succinate

~—

uptaké {iato con:mfnatins bacteria since neithet of the three control

. e

subat;atu were bound or fucorporated ‘above their respective control

‘values. One would expect that the above. three amino acids would be taken

.up‘aa réadily or'be.:ter~£han hﬁccliuie if éoﬂtqinating bacteria ‘were re-
sponsible for r.h’e anrved nuccinstc bind:lng. -

thn the E, coli. aspartate chnnotui- roccptor vas tutod for

-~ .

..upartue b:l.nding ‘with chc -brm fntrnrion nthod no bindin; was

.Idetacud.unlau the btndigg vas q‘tticd out .in the presemc# of phoopho-

11p1ds and 40% glycerol (30). -The K,

‘for aspartate bindi.na with this’




}J//¥1£1nd1n5 by the oanplc aud therefore -eaeurenghound succina{e lndirgctly.‘
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aetbod 'vas found to be 9 uM, the eaqe order of magnitude as that of the

®

_d{éivboiylate transport system (5). ‘Succinate binding assays were

carried out with the spuh sanples,iﬁ SO -mM phosphate, ﬁh 6.5 buffer con-
~ . ° 1 ]

)

~
taiving 2.5 mg/ml E. coli phospholipids ‘and 40X glycerol. ALl of the

suiples, with the ‘exception of the CHAPS extract, bound succinate (Table

. . : s
IVB). Simildt to the results observed in the proteoliposome binding

b Y

aseays, the results were not very reproducible and there was a high
backgrougd of_biﬁding in the control. The same difficulty in filtering
the’aanﬁléﬁltas encbuntere&'qa in the proteolipos&he method. "The molar

'rh:lo& of pro:ein euccinate were Very similar’'for both che 100 mM and
‘ - -
-,NaCl saﬁplen Uhen»the-control value was subtracted. .The addition of.a

J400 t'\excess,of cold succinate did not cenpe'te out the sulcinate

’bin&lﬁg either. The 1nability tp detect aay:succinate binding in, the
4 - LT

" .CHAPS detergent extract in eithe: the presence or absence of phospho-

L

'.liplds and glycetdl nay be explalned by the low level of succinage bindr

- "

~ 1‘1‘""
ling proteips xelative to other proteins fn the extract. The fact that
> .

the appsreg: quccinn&e bianding was actually_lowet in the eztract’than in

.-. the pbospholipid-glycepoi control may be bedause of excess detergent in

N ~ -t Pl L
" the extract that acted to *eoquiltze"the exogenous phpspholipids and

. ) . )
N . .

ailoved the -anple to filcer.

’

(iv)~gp$12br1u- Dialysis - . The above-.ntioned viniing assays

'lopara:e ftee ‘and bound succinate and measure bound euccinate directly.

thllibéf dialylis -‘asures the change {n free suceinate due to

LIt -ceeurqo,the eﬁpilibriu--distripution over time of free substrate

besveed two ch:-bern{.apatnfgd by a,dtaiylic membrsne. Radiocactive sub- - ;s
. ' ' ° - - B - ' S

strate i added to one chamber of the dialysis cell and the sample is . . .:
. . r ) .



~- T
—— .

Il

concentration of free substrate is changed and the equilibrium is

shifted towards the chamber containing the sample. This was the method

H

that was used in the early experiments wlth the succinate transport

componén;s (5). The buffer used in those experiments was 50 mM
phosphate, pH 6.6 containlng 50 aM arsenate apd 0.1% Lubrol 17A-10.
Binding of S0 uld [¥6C]-succinate to the CHAPS-solubilized proteins was

assayed in 50 mM potassium phosphate buffer (pH 6.6) containing 0.2%

~

CHAPS at 4°C as described in Experimental Procedurds. After 24 hours of
'inchation, a small amount of binding wag observed in the affinity
column wash, but neither the 100 mM no;‘NaCI samples bound succin;ke.

. An initial experiment showed that equilibration of auccinaée across the

dialysis membrane was attained at 20 hours of incubation.. When binding
¢ o

was carried out in the pfeéeﬁce of 2.5 mg/ml E;‘ggll ph9spholipids,and.
401‘.'.8‘lycerol, equiiil.:'rium was not achiewed. e%en‘after‘;’zz\‘houtsvof incu-
':.bgt}on. Unfortﬁna:ely, the phospholipidsw;ppeared to*¢itheg trap or

bind the ffec succinate,'a;_was obseryed in both the proteoliposome aﬁd:.

N e Lt . ‘e -
nitrocellulose fileration binding assays, and this interfered with its

ay

- equilibration across the dialysis mémbrahg..;.

; ' 4 DISCUSSION

. , y ”
The sugcess of a protein purification schegg;&iﬁpirt depends

upon the initial preparation of the sample to be analyzed. Since the
..:.-.‘;c . - ) .

original protocol for the isolation of the cytoplasaic membrane dicar-

boxylate transport componénts did not yield a pure preparstion, alter-

nntive.;ethodb‘for cytoplasmic membrane pfeparation and affintty chroma-

» bl

tography were investigated. ' w

) . oo - 4
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It was observed that Kaback membrane vesicles contained a sub-

stantial amount of the two major outer membrane proteins, porin and
Tull* (20). In contrast, -enbéanes prepared by selec;ive solubiliza-
tion of the cytoplasaic amembrane were esﬁ%nti;lly free of outer membrane
conta-i;ation. In addition to yielding purer cytop;;snic membrane
pteparat;ons, this latter method offered tﬁe hdvantage of'isolating the
-enbran;s in one day in a péfubilized for; that could be frozen, ready
for gspartate;Sepharose chromatography on another day. The freezing o%
the solubilized membranes did not s;ém to-affelt theisinding of the-
proteins to the affinity column. The Kaback membrane vesicles were
prgpared instead, over a two—day period and then had to be solubilized
prior to chromatography. Fiqa%ly, only four major proteins (53K, 42K,
35K and 17K) were eluteq'fro; the aspartate-Sepharose column when solu-

bilized cytoplasmic membranes were used instead of membrane vesicles.

An explanation of this observation could be the greater purity of the

cyﬁoﬁlasnic membranes and the fact that the sample was really "solu-

bilized™ (26). -After incubation with detergent, the.cytoplasgiq mem—
branes were ceﬁtrif&ged at 100,000 x g, whereas the membrane vesicles
were only spun at 1300 x g. It is coanceivable that membrane fragments
remained in the supernatant of the solub}lized‘yenbrane vesicles and

that the pregsence of these fragments resulted in many more proteins

binding to the alpartaté—Sephatoee column.

4 S

Thc unpartate nolecule vas coupled via its amino group to the

'.lodificd Sepharose gel (12). This made aspartate an analogue of the di-
.CCrboxyflc acids and left. 1:- twvo carboxyl groupl frce :o 1nte:act with
‘tﬁtir environment. At :hc buffer pﬁ valueo uoed in these experiments,

the cqrboxyl groups of the aspartate-Sepharose were fully ionized.

96



Therefore, £Se'colunn laf have acted as an ion exchanger as well as an
affinit; column (23). U;th the exception of the ribosomal proteins and
DNA binding proteinsi'ihe lajoriey ;f E. coli proteins possess isovelec-
tric points Retween pH 5.0 and 6.5 (24) and would not bind to the aspar-
tate-Sepha;osé col&nn at andy above pH 6.6. The studies id this chapter
.- o showed that only the 53K and 42K cytoplasmic membrane proteins ;enainod
‘ bound to thé aspartgte-Sepharose column at pH 6.6 in high ionic strength
- ) : buffer cou}atﬁfﬁé 0.01X Triton. Even when the pH of the column buffer
was raised fo 870 while the conductivity remained constant, both pro-

teins uefé still able to bind to the column. An examination of their

. respective isoelectric points (see Chapter 1) indicated that both the

N

53K and AZK proteins should have been released from the aspartate-
Sepharose colunn at pH 8.0 1f it were just acting as an ion exchanger.

] .
Therefore, both proteins appeared to have a t#we affinfty for the co-

. .

lumn. Even so, it is still possible that the affinity of the succinate

binding proteins for their substrate depends in part upon an fonic

interaction between the negatively—chargeh carboxyl groupe oé the

succinate nolecule.?nq a substrate bindinq site containing several
' ntratéﬁically-plnced positive charges. Two cﬁrbox;l groups are, after

.

the three substrates of this transport systen. This could explain why

0.5°M sodium chloride was Just -as effective as 0.2 M succinate in

releising the 53K and 42K proteins. from the aspartatf-Sepharooe.

Non—ionic detergents solubilize biological membranes by dissolv—

ing into the hydrophobic bilayer and replacing the membrane phospho-

lipide to a certain extent (2}). Their adyvantage is that they do not

.tend to denature membrane proteins as do .the ionic detergents and. or-
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ganic solvents. However, the conformatioa and-hence ;ctivity of a mem—
brane protein depends upon fts hydrophobic environment. This aetive con-
’ formation -a; or'nay not change when a protein is so}ubiiized, depending
on the non-ionic detergent that is used k29,30). Since the aspartate-
Sepharoaé ﬁolu-q is dependent upon the 'activity of the sélubilized aem—
brane proteins, the effect of five different non—ionic detergents on
golubilization>hnd affinityechromatography was examined. All of the de-
:;rgsﬁts'splubilized basically the same set of membrane proteins. The
- " affinity.column .protein profil;s ;ere very similar for nenbraneg solu-
bilize.d with Lubrol PX, Triton X-100 or CHAPS. Four major proteins
(53K, 62K,:35K and 17K) bound to the Lubrol and Triton columms, éhlle .
three of theaelproteins (53K, 42K and 17K) were isolated with CHAPS.
The additioé of E. coll phospholipids during Triton solubilization did
not alter the patterm of proteins that bound to the colﬁin, indicating.
that.additional.phospholipids were not necessary for binding of -the
proteins to the a(fiﬂi:y column. It was also noted that the behaviour
of the 42K protein was dependent upon the tfpf and amount of detergent ,
Q that was used in the column buffer. 1In Lubrol or 0.05% Triton-coatain-
.ing buffer.\}h; 428 protein was eluted with 100 wM phosphate, while
- sodium chloride or succinate was necessary for its elution in buffer

that qoétnined CﬁAPS or 0.01X Tpiton. In contrast, the 53K protein was

alvays eluted with sodium chlor]Ne with ‘sll three detergents. Several
of the major proteins were missing Wr present in lower amounts when the
affinity.colu-ns were run with octylglucoside or Polyoxyethylene Ether

Wl-golubilized proteins. Presumably, these two detergents inhibited the

binding of these grotclnl'to the column. Ouly Triton or CHAPS-

" solubilized proteins u.:p-uubd in further succinate bdbinding studies
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because of the luu‘r levels of the 53K protein {sclated f;o- lubrol-
solubili;edlnenbranea and the apparent outer membrane contamination of
’ . these profeins. )
;_- - Substrate binding assays are roﬁtineﬁ’bused to follow the puri-
) fication of binding ;; transport proteins. Several criteria ;re useful
1; determining if the biﬁdlng activity measured for the purified protein
has physioloéical ;ignificénce. 'Firgf, éhe 1801:&&6 protein should de- .
monstrate similar suﬁstrate sp;cifici:ies and kine;iéa when compared to
the.ig situ transpo;t system  in whole cells or isolated membrane ve~
sicles. The purified p;oteip-;hould also respord in a similar manner to
various inhibitors that 1nteract.u1th the intact system. Fimally, the
molar binding ratic of protéin to substrate is expe;:ed to %g closeuto
1, assuming one bindiné site per protein molecule. The above criteria,
; of course, as‘umelgﬁat binding 1s assayed under ideal conditions that
approximate the in situ eavironment of the protein. All of the
criteria, im particular the last one, dépend upon the protein reamaining
. in a functional state after its isolation froa the cell.
.In the case of ;plublg binding proteins, such as the periplas-

o

mic transport proteins of gras—negative bacteria, the above three con-

‘ : ditions are relatively easy to satisfy. Purification of these proteins
ggnecallyidoes no; involve manfpulations that disturb the conforn;tion,
and hence activity, of the 1;olgted proteins. Ever 'so, the yield of
active petiﬁlaanic binding protein is never 1002. In coantrast to the
situation with the soluble proteins, attempts to ilol;te functional
'nenbrane transport protiina-have not met with thi s}ne success. As -

discussed in this chapter and in Chapter 1, these proteins must first be

removed from their membrane enviroument prior to purification end bind-




ing studies. When these proteins are removed froa theit natural envi-
roament,_their native conformation and, thus, biolagical activity may be
partially or totally abolished, even if mild reagents such as non-ionic
;.'ersen;s are elpioyed (25). .
) 'Th; conformation and ;;tivity of a nen?rane protein depends both
directly and 1nd1rect}y upon its association with gther proteins in a
membrane of a defined lipid ;o-position (29). A egangéiin protein con-
formation during isolation may expose some sites on the protein that
were previously hidden and, cpﬁversely, ;ay make inaccessible some sites
that were exposed in the native state (37). Thetefgre, an isolated
;enbrage transport protein may or may not displéy thé same substraté‘
specific;ties and kinetics is ¥t doe;iig vivo. 1In addition, its sensi-
tivity or resistance to various inhibitory agents may be different. The
native éonfornatton of some membrane proteins 1is also dependent ;pon the
aembrane ﬁotential, ao.these proteins would not be expected to retain
their biological activity when isolated. Even i{f the purified protein
is reconstituted into a suitable lipid environment (ie. liposowmes), a
certain proportion of the protein may be irreversibly‘d;natured during
the course of the purification. :The:efore, one can never expect to
attain s 100X yield of active wmembrane protein‘;nd the molar binding

. ) o
ratio of protein to subatrate will most °likely be less than 1. Indeed,

Fhe best . reported yields are 103 gr less for reconstitution studies with
;ariou’ procaryotic and eucaryotic membrane transport proteing.; These
iaclude the E. coli lactose permease, the human erythrocyte nucleoside
transporter and the human orythéocytc sonosacéharide transporter.
/Lright et al demonstrated reconstitution of galactoside binding nnd_»

countertraansport 1n,pr6t¢olipocouo. with a 7X yleld of active lac car-
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- © rier (38). A sightly better yield of 101 was achised by Tse et al for

ghe reconstitution of uridine tramsport in proteoliposomes containing

the nucleoside transporter (39). 'Flnallia Baldwin et al found that the .

yield of active nonosacchaiide_transporter wvas gependent upon wheth;r
_mixed-size (0.5 yleld) or uniforw, unilamellar (5% ylield) liposomes
were used (40). . V
Fsur different binding assays were used in this chapter in order
to assess the succinate binding ability of the CBT&B'cytoplasuic men-
brane proteins isolated by the aapartpté*Sepharose column. Three of the
binding methods measured the binding of substface to protein directly
since free and bound succinste were sepatdfed durinﬁ the assay. , These
- . . methods (P6DG column filtration, proteoliposome binding, pitrocellulose
wembrane filtratiom) qépenﬂ upon the staﬁtlity of the protein—subatrate
complex; the binding has to be tigﬁt enough (low Kd) that the coaplex
won'tcbe digrupted when it’i; éeparac;d from the free succinate. The
& fourth bin@ing'nethod (equiliﬁriqn dialysis) detected binding indirect-
ly, since the differenc? betueen,grgg and bound subetrate was co-parég.
€

Two of the binding assays that were investigated in this chap-
. 2 |

ter, namely protecliposome binding and equilibrdum dialysis, were not

~

‘succeagful. Tﬁe advantgge of the former ne:hog is that it recanstitutes
the extr;;ted proteins into.a liplé ;nvironfeqt that mimice their ori-
ginui in vivo eavironment. Udfortunat#ly, neither tﬁ; Triton nor CHAPS-
solubilized proteins us‘d in thiiqwork-uere very amenable to the octyl-
glucoside dilution reconstitution and assay procedures used successfully

- ]
for .the lactose permease ahd other bacterial transporters (15,32,33).
’ . Pue to technlc_al( problems enCOuGthﬁ"vit.h protein 1ncorpon-tlon. non-

specific binding and reproducibility of re‘ults, reconstitutfon of

)
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succinate bigdins actlv}fy into liposomes was not achieved. ' Another
factor that must ie'conbidergd for :hi%-bindins assay is thsat thg octyl-
glucoside dilution proceduré‘wag 9:;d to fogn the proteollposoues. This
detergent was shown earlier in this chapter to inhibit the binding of
.both the 53K and 42K proteins to the ahpartace;Sepha:ose column. Re-
sidual amounts of octylglucoside may also have faterfered with binding
to the-reconetituted proteing. Equilibrium dialysis -is the ;ethod
routinely used to measure the binding of a.préte;n‘and its substrate.
The advantage of this method is that the interaction of the protein and
its substrate is génerally not disrupted._ Houever,'since ch%s method .
only detects binding }ndirectiy. it is depeandent upon the acéivity of a
significant fractiod of the_isoiatgd protein. .Tgis becomes very diffi-
cult when only small ;nounts of a specific protein are a;ail;Sie, as in
this study. 1t is not surprising, then, that.succinate binding to the

affinity columan fractions un; not observed using &his né:hgd. g
I‘Both‘th; P6DG column stea& and the niéroéexlulose membrane fil-

tration -eghbds gave similar succinate binding ;esultg‘for both tﬁe'IOO"

oM and NaCl affinitf‘cqlunﬁ fractions. The cort;cted-ratios for 20 uM ‘.{;
(*4c)-succinate biqémg were: 100 uM sample = 60:1, NaCl sample - 14:1
and 160 aM sanpie = 63:1, NaCl sample - 12:1 for the P6DG colummn and -
nitroccllulo-e filtration Sindiné assays.r;specfively; The siuilarit} -‘
oé tﬁ; results wvas p;rtlcularily significant in lighttof the f;ct that
Triton—oolubilized-proicids were used in the former assay, while CHAPS-

solubilized proteins were used ia the latter%anoay. In partficular, the

NaCl samples, which coniatncd the 53K and 42K proteins, had a 4 to 5 .,

fold higher succinate binding capacity .than did the 100 aM samples. The

greater binding capacity of the NaCl samples correlated well with the -

" e’




greater affinity of the 53K and 42K proteins for the aspartate-Sepharose
column in comparison to‘the 35K and 17K proteins in the 100 mM samples.
The binding capacity of the NaCl samples (7 to 8X) was also comparable
to that of the yields discussed earlier for other isolated trans;ort~
ptoteiﬁs. Since the NaCl sample contained two distinct proteins, ideal
binding of succina}e would give protein:sugcinate ratios of 1:1 only 1if
both proteins were active and capéble of binding the substrate. Thié
v
ideal ratio would drop to 2:1 if only one of the proteins could bind
~. succinate and was present at 50X of thg tptal‘pfotein content; The
ratio would drop again to 4:1 if the protein was present in a random
- orientation in detergent micelles.
~The P6DG column and ni%rocellulose membrane filtration bindiang
asgays were not uich0qt'the1r linitationﬁ. These included the nonsbeﬁi-
X ’fic binding of succinate by the concentrated Tri;;)n micelles in tﬂe for-
ﬁer assay and ihe fact that only the unspun samples showed detectay}e
succinate binding activity in the latter assay. In additfion, ‘the ;QCCI-
nate binding that was observed with both assayi could not be competed
out with "cold” succinate with either the_lOO aM or NaCl samples. Con-
sidéring-the fact that the conformation of)the isolated protéin., and
thus their succinate bindiné kinetics, may have been altered in their
artificial envifonient,‘fhio last observatidén may not be too surprising.
IF is pbsaibl? tﬁ;t'the association conltaétl (K‘) of the isolated
‘proteins for succinate -ay-ﬁave been vgr§ much greater than their dis-
,'aociaiion éon-tnnts (K;b,'and thgrefogq the concentration of “cold”

succinate that was used may not have been sufficient to compete out the

bouad radiosctive succinate. In the case of: the NaCl .a-plc,':ﬁin re-

4

sult can be cdtrelate@ with the fact that the 53K and 42K proteins were




only removed from the affinity column with 0.2 M succinate or 0.5 M
sodium chlgride.

'Although they are not conclusive, the results of ih;gighaptcr
s;gsest tﬂat one or bot; of the proteins %n the NaCl sanp;e may be good
candidates for the cytoplasmic_ membrane succinate,bindiqg proteins. Bofh
the 53K and 42K prote}ns_ﬁound tightly t§ the aspattate-ééphﬁgose
affinity column. Their int;raction wicth this célunn gpﬁeared to ?nvolve
more than just an ionic attraction since both proteins stilliboun§-:9
the column above their isoelectric points. Finaliy, one ;r both bf*fhe
proteins was responsible for the higher sﬁccinate'biadihghaetivity.ob—
served in the NaCl samples. ‘in order to ProVide—furtb;;~évideﬁce f?:
the identificatton of the 53K and/or 42K protein as succinaﬁe.binding> :
proteiﬁ;, the affinity column profiles ;f several sugcinate'transporg

mutants were -examined in tﬂé next chaptetL
-8




REFERENCES

Newman, M. J., Foster, D. L., Uilson T. H. and Kaback, H. R. (1231)
Purification and reconatitution of fuactional lactOle c-trier
from Bscherichia coli J. Biol. Chem. 256 11806-11808.

Feremci, T. aund Klotz U. (1978) Affinity chromatography of the peri-
plasnic maltose binding protein of Escherichia coli. FEBS Lett.
84, 213-217. -

Apriletti, J. W., Bberhardt N. L., Latham, K. R. and Baxter, J. D.
(1981) Affinity chronatography of thyroid hormone receptqrs. J.
Biol. Chem. 256, 12094-12101. -~

Cuatrecaaas, P. and Anfinsen, C. B. (1971) Affinlty chro-atography.
Methods Enzywol. 22, 345-385.

" Lo, T. C. Y. and Bewick, M« A. (1978) The molecular mechanisms of
dicarboxylic acid transport in. Escherichia coli Ki2: The role
and orientation of the two menmbrane-bound dicarboxylate binding.
proteins. J. Biol. Chem. 253, 7826-7831.

Lo, T. C. Y. and Sénwal, B. D. (1975) Membrane bound substrate re-
" cognition components of the dicarboxylate tramsport system in
Eschetichia coli. Biochen. Biophys. Res. Commun. 63, 278-285.

Miller, J H. {1972) "Experiments in Holeculat Genetics. Cold -
Spring Havbour Laboratory. p- h31-633.

Lo, T. c. Y., Raflan; M. K. and Saawal, B. D. (1972) Transport of
" succinate in Eacherichia colt: I. Biochenical and genetic
studies on tranaport in: whole cells. J. Biol. Chem. 247, 6323~
6331. . ’

Kaback B. R, (1971) Bacterlal nanbraues. Hethodp Enzynol 22, 99—
©1200 . .
Loury, 0. B., Rogebrough, N. J., Fdrr, A. L. and Randall, R. J.
(1951) Protein -eAlurenen: with the Polin—ﬁhenol tengent J.
Biol Ch"« 193 265~275.

Schnaitnann, c. A. (1981) Cell Practiona:xon. rn "Manual of. nechods .
.for General Bacteriology.. (R. G. E. Hurray. Ed.) Americsn Soci~
ety for‘H1Crobiology, Ha'hins;on D. C. p..52-61. L .

Cuatrecasas P. (1920) Prdrein purification by affianicy’ chro-ato-
graphy: Derivatizations of agarose nnd~polyactylanide bcadl. Js
) Biolo Ch‘l 2‘5 3059-30650 R .. . . . .

Kacen, H. (1972) Inchniquca 1n Lip}dclo;y. A-cric;n Bi-.#ie: Sci~
enttfic Publiahcrl, Lcd., North Holland. p. 35). .

-

.‘.Rouoer, G., Siakoci.ll A N. and Fleisher, S. (1966) Quantitntivc




. ‘, . . 'ml&sia of phocpholip:ld@ by thin layer chromatography and '
phocphordna mlysis o-f spots. Lipids 1, 85—86. .

D : 15. W—, M. J. and Wilson, T. H. (1980) Solubiliution and reconsti~-
. ' . &uﬂon of the lactose transport systee froa F.scberichia .coll. I.
Btcl Ch:l 255, 10583-10586.

-

16. Laemmli, U. K. (1970) Cleavage of structural proteins during the as- '
senbly of the head of bacteriophage '1‘“. Nature 227, 680-685.

17. Peterson " G- .{;- (1977) A simplification of the protein' assay method -
. . ‘-of Lowry et al which 1is gmore 3ener&l1y applicable. Anal. Bio-
cﬁ&l- 83 366-356- ' - B

18, Chen,: €. G. cnd Hilson T. H. (198&«) The phospholipid requirement

. . "for -activity of the lactose carrier of-Escherichia coli. J. =
S Biol. chem. 259, 10150—10158, - S
19. Lever, J. E- (1972) Quantikat:lvz aasay of the- binding of snall ) .
AN -oleculed to protefn: Cmparison of dialysis and nenbrane £1.l.ter -
. . ~\\.-/" assays. Anal. Bioche- 50, 73:83. : o L - B

"'20. Morona, R. and Reeves, P.\¢1982) The tolC’ locus of Escherichia coll -
affects the expregsion:'of three uajor outer membrane ptOteins. .
T Bacteriol. 150' ‘10'16-1 s . L ‘ ; -

B . 21. Heraing, U., Royer, B-D., Tcather R., Hindeunach 1. and Holle'n-

S o betg, C. P. (1979} Cloning of the struoctursi. gene( pA) far an

N . R integrad—outer membrame protein of Bscherichia coli K12- Proc.

a _Natl. Acad. Sci. 76 ksbo—basé.,- - .

.22-‘.He1en1\u, A. and sulona, K. (19.75) Solubﬂimion of. mbraués by
detergents. Biochi-. htophyn. Ac:a 815, 29-79' .

23. Stryer, L. (1.981) Biocheau:ry.- (uecond ed.iuon} w. H. Preenau~and- SN
~. . Ca., San F:nnciscm p- 13 19, 39-40. L . -

. - 2%, N‘idh‘rd‘, F. CO, Vauglm, V;, Philliﬁ, T- A. and Bloch, Pc Lc e
* "+ (I983) Geue-protein :lrﬁhx of. Bu:'hetichi& coju K-12. )ficrobio]\. e
: .. Rev. &7, 231-28#. - '
L ]
. ‘ 25. Ho'nct u. D., Knndall D. A. and Blcnould, R. C. u983)-D’ctergeu:
-, . _ eftcct'c on “enzyme aa.:ivity and .solubilizacfon of liptd bLhycr
; oo nubrnnu. B:[ocbil. l»tophym Act:n 733 21H15. o

. <g ’ s

L 26. Barcn, c. and ‘l'ho-'poon. T. B. -(1975) SoIphilitauen of bac:eﬁ.nl Lt
R - mbtm protstns noine -adkyl glucosides snd uoctauoly ph«- : g
L phauayiciﬁim atoctu-. s;ophy.. Ap:a 282, 276-285. . .

* 27. se.ubbc. G- ;é..‘m:h. H. G. and Lftmas, 3.3, (19765 ‘Alkyl gluco-. .
.+ 7+l sides jas alfective solubilieing sgents for boxine rhodopain:. A
SN cowpatiscn with. sevézal wly uud dctcrgdntn, uog‘h:ln. Bio—
AU S phys& Acta &2»5; 56-56. T o EE
:r: ; . .s . : ..‘ . -%\ E - .‘, . : N ‘ R | ’;. ' . ’. ) = AP
AgEY 4 - .



.

-
~

©

28 Hjelneland 'L M. (1980) A nbn-denaturins deterggnt for -e-brane
bioche-ictry. Design and aynthesis. Proc. Natl. Acad. Sci. Usa
77 6368—6370.
29. Levitzki, A.'(iQSS) Reconstitution of membrane Treceptor systems.
’ Biockim. Biophys. Acta 822, 127-153. . .

30.. Bogonez, E- :and Koshland, D. E. Jr. (1985} Solubilization of a vec-
torial transmembrane receptor in functional form: Aspartate re-
ceptor of chemotaxis. Proc Natl. Acad. Sci. USA 82, 4891-4895. "

31 Kuntz, D., personal cqa-un;cation.' : -
3z. Tsuchiya, T., Ottina, K., Moriyamsa, Y, Newman, M. J. and Wilson, T.
H. {1982) Solubilization and rec nsti:ution of the melibiose -
carrier from a plasmid-carrying strain of Eacherichia coll J.,
" Blal. Chen. 257, 5125-5128. .‘ -

T—

reconstit
. Seoli. J.

33 Chen, c-C. aqstwilaon T. H. (1986) Solubilization and functional

fon of the prolipe transport systea of Escherichia
ol’% Chenm. 261 2599=2604 . j

T 34 Stryer L. (1981) Biache-{stry. {second edition) W. u._Ffeeqan and

Co., San Francisco. p.- 275

35 KaynAn M. K., Lo, T. C. Y. and Sanual . B. D. (1972)° Trannport of
" . succinate ‘In Eacherichia coli. I1. Characteristics of uptake and

;:;ﬂ I energy. coupling with transport in aembrane preparaciona. J.

35 ‘Ln. T. G. Y., Ray-nn M. K. and Sanwal, B. D. (1976) Tranaport of
.-"+ succinate in Escherichia coli. III. Biochemical and genetic
.studies of the mechanism of. transport in senmbrane vesIcleo. Can.
R A Blochsn 52 854-866. . .

".\

-'37. ‘Eytan, G. D. (1982) Use of liposoues for reconsticution of biolo-
Bical functione. Bioehia. hlophys. Ac;a 69& 185-202.

38. Wright, J. K., Schwat;, H., Straub E. Overnth P., Bieseler, B. f

N -and Beyreéuther, K. (198Z) Lactose carrier protein of Escherichia
coli: Reconstitutton of galactooide binding and'!ouncertrnns-

pott- -!“ro Je w 124 %5‘552- . JI

Tse, C-M., BeIf J. A., Jaivio. S. u., Paterson, A. R. P., wu, J-s.
and Young, J D. (1984) Reconstitution studfies of the humsn..

erythrocyte nucleocide transporter. J. Biol. Chem. 260, 3596-
3511. »

-

- " n
Ja k

Baldvin. Jo Moy Gorga, Je c. and Lienhard, G. B. (1981) The qbno-
: ssccharide transporter of the human orythrocytc. Trans t ac—
tivity upon reconstitution. J. Biol. Chem. 256, 3685-3 .

-




tungtion (3).. -

CHAPTER Il

THE ROLE OF MUTANTS IN PRANSPORT COHPONENT IDENTIFICATION

A .mutation is a heritable change in the DNA sequence of a

structural or. regulataory gene (l). 1€ the change involves the los_s or
addition of a largé ~sect¥m of DNA within t‘he gene (deletion and.inser—
tion'-uta:'iona), the mutation will result in the loss of expression of
its gen‘e pro.duct énd will be manifested phenotypically as the loss of a
certsin cellular function (I,3). Alterngtively, if the mutation only

involves § change 11_1' one or a few base pairs of the gene (point muta-

tion), it may result in the expression of an a]_:te‘ted ge'ne product that

leads to a phenotypic change of functian (3)» Several types ofc point or ‘

base substi;ut{on mutations exist. Missense mutations change -an anino‘
acild c.oditig.s"equ;née in the gene and lead to the substitution of a
dlifferen't' 8.:.1“(; acid in thé 'reeu].ting‘nt‘xtant protein'. ;Nonsennq, muta-
tiong change. an amino acid coding seqﬁence\to a stop codon sequence and

result in the synthesis of a-iruncated. non-functional protein or no

pretein at all. Finally, frameshift mutations involve the addition or

F

) del_'etton' of one or a few bases to the 'gene séquence which tﬁen. alters

the gene’s reading frame and thus leads-to the synthesis of a highly-

_'alterejd, non-fundtional mutant pré:ein (1,4). . A point mutation can also

: '~ ‘. ! to
be silent if it does oot affect the amino acid sequerce of the protein

-
' - ~

. . ot 1f the "amino acid change does not affect the.protein’s structure or

- &
-

Mutstions occur spontaneously in bacterial genes at an average .

©

frcq':uncy of 10.6 per gene duplication as a consequence of errors in the

'ﬂdo'uty of raplication (3,4). Mutations can also be induced when chem—

-
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¢ ical or physical mutagens interact with the DNA and accelerate spdh:ar
neous mutation rates by several orders of magnitude (5). Single point
mutations are identified by their ability to revert:-to the wild-type
condition at a frequency close to that of the original nutatibn, with
the exception'of single base 1nsert1;ns or deletions (frameshift muta-
tions) which uswally revert at a much lower frequency (4). Reversion to
~- the wild-type phenotype may involve either a back mutation at the game
site of the gene or suppression of the original mutation by a secondary
mutation in the.same gene (intragenic) or in a different gene (inter-
genic),‘s in the case of suppressor tRNA molecules 1in E. coli (2,4).
Mutants have ﬁroven to be very useful in the identification and
isolation of various proteins and in‘comparative structural and, func—
tional studies wi:; the purified proteins. Deletion and insertion mu®
tations provide “tight”, generally non-revertable mg&gnts (1) whose loss
of a particular function may b correlated to the loss aof a specific
protein band on an SDS polyacrylamide gel. 1In contrast, point quéatiods
result in varying degrees of.;unctional losa due to the synthesais of
different types of mutant proteins. These "leaky” mutants can usually
be rev;rted to the vil&-type phéhotype. The mutant proteins may differ -
in méfecular weight and/or isoelectric point er? the wild-type protein
and these differences may be detected on SDS and isocelectric focusing
gels respectively. . ‘ L
A variety of E;_ggli_gucciéate tri@-pott mutants were examined

in this chapfer in an atteampt :o-ldentlfy‘the proteins isolated by

aspartate-Sepharose chromatography of wild-type, CBT43 cytoplasamic -

membrane proteins. The 53K and 42K protleins were of particular interest

séince they were shown in Chapter 2 to bind succinate more effectively




1o

than the 35K and 17K protgigg. The mutants? affinity column protein
profilés were exanine& for changes in protein; specles, molecular weights
and isoelectric points. The mutant strains that were used in this study
1nc1;ded two spontauneous mutants, LL3 and LLS5, a spontaneous revertant
of LLS5 and various Mu: phage-induced mutants. It was not possible-«to

-

select a spontaneous or induced revertant from LL3. LL3 and LLS were

shown to be defective in earlier studies in the dctA and dctB genes and
lacked the cytoplasmic meubrane succinate transport coaponents SBP2 and
SBPl respectively (6). The Mu-induced mutants were selected from CBT43

cells infected with the temperature-sensitive, ampicillin-resistant Mu

bacterioPhage,'Hug££§2g22. This phage inserts randomly into the E. coli
genome and taib insertion i{s stable or lysogenic at 32°%¢ (7,6). There-
fore, depending upon the site ef insertion of the Mu phage, a particular
gene can effectively be delet;d and its gene product will no 10nger>be

expressed.

P‘\~

EXPERIMENTAL PROCEDURES

Bacterial Strains - The E. coli Kl2 strains used in this chapter

and their relevant genetic markers are listed in Table I. The isolation
and properties of the first 3 strains were described in an earlier

publication (6).

Isclation of Transport Revertants - Spontanecus revertants froam

strains LL3 (dctA) ;nd LL5 (dctB) were isolated on minimal medium
(;ﬁdiun A) plates containing either 0.2% succinate or malate as the
cdrbon source and 0.001% thiamine hydrochloride. Thé composition of 20x
strength medium A was 210 gm dibasic potassium phosphate, 90 gm mono-

basic potassium phosphate, 20 g ammoniua sulphate and 10 gn sodium

’

110
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Table III~I. Genetic charactériotics of E. coll K12 lttaim"rhe rel-
evant genetic characteristics of the E. coli strains used in this chap~-
ter are ligted in this table. The genetic markers are: sdh - succinate
dehydrogenase; frd ~ fumarate reductase; thi - thiaaine hydrochloride
requirement; gei - galactose biosynthesis' dctA, detB - dicarboxylate

transport; argC, metB,_his, leu - arginine, -ethion:lne histidine and
leucine mquirenents respectively.

“’:*V"
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Genetic Characterigtics of E. coli K12 Straine

Bacterial Strain

CBT43

LL3

LLS Rev

4-31

Genetic Markers

sdh,frd,thi

+
P?edh’ ,gal' /
F adh, frd,dctA, thi

FlargG’ /F argG,dctB,
thi, (metB,his,leu)

P#argG' /P 47%C, thi

; sdh,frd , thi ,dctA or

dctB

a?
e

Origin
Laboratory stock &
Laboratory stock

Laboratory stock

This work

This work
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citrate dihydrate in a total volum&® of 1 litre (9). The cells were

113

grown overnight at 37°C in 10 ®l of LB wedium. They were then spun down

and wagshed vith 5 ml of M9 medium and their absorbance at 600 mm was

determined. Their 0D 3

600 W38 adjusted to 4.0 (7 x 10% cells/ml) and 10
Lo 108 cells were plated on the succinate and malate nedi#. After a
week?s incubation at 37°C, 50 lérge, distinct colonies were picked up

and toothpicked ontd a succinate plate. The colonies that grew ou this

plate were replica-plated onto succlnate, malate, acetate and glycegzl

plates. Colonies that arose on both succinate and malate plates were
checked for succinate transport reversion with a whele cell transport
assay. No spontaneous trausport revertants were selected from LL3, so
nitroaoguaq}k{ne mdiagenization was attempted (1,5). A lawn of 108
bacteria was spread onto succi;ate and malate plates and a single crys-
tal;of nitrogsoguanidine was plkced at the edge of each plate. Distinct

colonies that grew after 7 days imcubation at 37°C were assayed for

transport activity.

Isolation of Mu Phage-Imduced Mutants - Succinate transport
»deletion mutants were selected from CBT43 cells 1uf;cted with a
temperature—sensitive, angtsillin—fesiatant Mu phage (7). Stationary-
phase.CBTAS cells were grown for 3'hours et»37?C in LB medium (1:11
dilutfon) as described in Chaﬁter 2. The cells were harvested and ;ére

of 4.0 (5 - 7 x 108

resuspended in fresh ﬁB iediun to give an.00600
cells/ml). An aliquot (50 ui) of isolated Mu phage (Muctsb6b2amp)
containjing 5 x 109 phage particles vas :hen-added to 10 ml of CBTA3
cells and the phage were pregdsdrb;d.on:o the cells at the permissive

temperature, 32°C, with shaking for 20 ainutes. ;rhis gave a mulei-

plicity of 1 for infectioa. The cells were then pelleted and weras

~N
¥
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vortexed 1n~§:gl ;f fresh LB contaiging 20 mM sodium citrate. Follouiég
growth overniggt at 32°C, the cells were washed again with LB-citrate
medius and were then grown for 3 hours at 32°C 1n 10 ml of LB-citrate
containing 40 ug of smpicillidful. Finally, the cells were washed with
5 ml of M9 medium and were then resuspended in th; same volume of M9 to
give approximately 109 cells/ml. Dilutions froam 10-2 to 10_6 were made
in M9 medium and an aliquot (50 to 100 ul) of each dilution was plated
out on minimal media plates containing 50 or 100 uM 2,2-difluorosucci-
natn‘and 0.2% pyruvate as a carbon source (6). The plates were, incu- |
bated at 32°C and any colonfes that arose were checked for the presence
of a Mu insertion by replicaiplating onto ampicillin plates and by
_;nhibit{;n.of growth on LB plates at the nonrpermiséive temperature,
42°c. Colonies that still grew under these conditions were replica-
plated onto malate plates and were then screened for succinati trangport
/

activity, as described in the following section;

Whole Cell Succinate Transport Assay — Bacteria were grown

overnight in 10 ml of LB medium at 37°C (32°C in the case of the Mu
deletidn mutants). A 1:10 dilution of each strain va; made into fresh
LBAneqipn (3.5 ml culfure {into 4.5 ml LB) co;Eaining 0.22 succinate in
several 50 al Falcon culture tubes and these were incubated for 3 hours
at 140 rpm in a New Brunswick }otary,shaker. Individual tubeg_froa each
strain were pooled and the¢ cells were harvested at 2000 x g for 15 *
ainutes and were resuspended to one-half their oriéina} volume in cold,
50 aM potassium phosphate, pRH 7.5. fhciaBQOtbance at'600 m -was read
and the cells were pelleted ag;in ana were resuspended in a volume of

-goldlﬁhoophate buffer that gave an 00600 equal to 4.0. The cells,

' baffer and radiocactive succinaté were all kept on ice duiing the course

5
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of the assays. C .

Ten minutes prior to the start of each transport assay, the
cells were taken out of the ice and 600 ul of 4, 8 or 100 uM carrier—

-free, [IAC-2,3]-succ1nate was mixed with 480 ul of 50 aM potassium - r

) - :
phosphate, pH 7.5 buffer in a Sarstedt mini-vial containing a stir;idé_
flea. At the ;ero timepoint, 120 ul of cells were added to the stirring
succinate-buffer vial. Aliquots (200 ul) were withdrawn .and filtered
through 25 mm, 0.45 um Nucleopore filters at one minute time intefigls

“up to 5 minutes. The fillters were counted for radioactivity after at

least 0 minutes incubation in scintillation fluid.

. s ‘ Cytoplaspic Membrane Preparations and Affinity Chtoﬁaggg;thy'- A

Cytoplasmic membrane isolation and agparate-Sepharose column chroma-

tography of solublilized membrane preparations from the Eransport mutants

, -

were carried .out as'descrfbed in Chapter 2. WwWarious solubilization and
column coﬁdi:ion; were investigated. In‘;he case of thg”Hu phage— e
induced mutants, a quick-screening procédure of their total membrane
proteins was utilized prior to affinity chromatography studies. 'SDS

gels of total membranes (outer and cytoplasmic membrames) from sonicated

bglls were examined for any gross changes in membrane proteip profiles.

Gel Electrophoresis - SDS polyacrylamide gel e}ectrophoresll vas
used to detect any molecular weight changes in the'affinlty-purlfied
proteins from the mutants. This nethod'wna previously described in
Chapter 2.

In order to examine any isocelectric poinE differences in the
proteins, isoelectric fbcuning pquﬁcrylanid; tube gels and O’Farrell
two~dimensional 3;1. were utilized (10). After a 10X TCA precipitatfon

. and tu6 ether washes, samples were dissolved in saaple buffer consisting

-



of 9.5 M urea, 2% Tritoao X~100, 2X ampholimes™ (pH 3‘ - 10 or 5 - 7) and
5% 2—-erca;toethanol. The ieoelectric focusing gels (11 cm x 2.5 mm) ~
consisted of 3.77:0.22% acrylanide:pisacrylalide, 9 M urea, 22 Tfiéon
and 2; -pholines.' The uppet‘aud louef chaabers of the éel apparatus
contained 20 oM sodium hydroxide and 10 mM phosphorie acid respectively.
Samples were loaded at the cathode (basic) end.of the gels and electro-
phoresis wvas carxi;d out to equilibrium for ro;ghly 6000 Volt-hours;

The gels were either fixedzia 302 ethanol, 10X abecic acid prior to
Coomassie staining (0.5 Coomassie Blue R250 in 35X ethanol, 10X acetic
acid) and densitonetrlclscaﬁning, or tube gels containing [3SS]-labelled
proteins ue;e cut_into 3 mn slices which were dissolved with hydtogeh
peroxide prior to scintillation Eountlng. A blank, 0.5 cm wide gel was
aleo cut into 3 mm settions which were then incubaiqd overnight in vials
containing 2 @l of boiled, deionized water. The pH gradieﬁt was mea-
sured with a pH meter and the isoelectric points of.t;e various protein

bands were determined. An alternative method of .iscelectric focusing :

utilized the LKB Hultiphof System (l1), which involves the si;ulcaneous
electrophoresis of aiffefent samples in a slab gél. A 0.3 mm thick,
7.3:0.2% acrylamide:bisacrylamide horizontal slab gel containing 9 M
urea, 22 Triton X~100 and 22 ampholines was used. El;c:ropho;eaie was
carried out to equilibrium and the pH gradient was -measured immediately
after focusing with an LKB surface pH electrode. ,

Some of the isocelectric foéusingitube gels were incubated for 15

minutes in SDS sample buffer and were then frozen in dry ice-acetone and

LY

- stored at -20°C. When needed, the tube gclc-uere quickly thawed at 37%

and 1.5 sm, 11.5% polyscrylamide SDS slab gels were used for electro-

v

phoroiil in the second dimension. The slab gels were fixed with 50%
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ns , .
methanol, 10X acetic acid and were washed with 10X methanol, 52 acetic
acid prior to Coomassie staining.
Chemicals - Radiocactive IIAC-2,3]—succin1c acid was purchased
from the New England.Nuclear Co. (Boston, MA). ‘Ampholytes used in

isoelectric focusing were obtained from LKB (Bromma, Sweden). Urea was

bought from the Sigma Chemical Company (St. Louis, MO).

RESULTS A

Cogpgrison of Wild-Type and Tranqgort Mutant Strains -~ The

) aspartate-Sepharoae column profiles of the dctA and dctB mutants (LL3
and LL5S), isolated in earlietr work on the succinate trgnsport systen
(6),vuere examingd and compared to the profile for ghe wild;type strain,
- CBT43, discussed in Chaptér 2. Priér t; this gdnperiaon, the growth
characteristics of these strains on various media were checked and their -
succinate trangport rates weré determined 1n o;de: to ensure ;hat their

phenotypes were accurate.

. (1)Growth Characteristics - The genetic composition of the wild-

typ‘ and transport-mutant gtrains ‘whn:h i.rere a:udfédnin this chapter
were presented in Table 1 of Experiuen:al Procedures. Growth of CBT43,
LL3 and LLS on minimal nedia plates containing 0.2 succinate, nalate,
acetate, glycerol or D-lactate as the carbon coqtcgl,ls uu-narized in
Table I1I. Strain CBT43 vs; &efecélve in t‘é cyioplainic membrane en-
_zynes succina:e dehydrogenase aad fu-arate reductase (Tablc I). There-'

' fote, it was unable to grow op nedia vﬁich contdined either succinate or

acecate as the sole carbon gource. Bouever the fact that CBT43- cnuld
- : L T y

use malate as a-carbon sourge indicated that its dicarboxyla;e trans— .
- - . - t < - '

port system was intact. CBT43 was originally selected to “be sdh and




“Table III-I1. Growth characteristics of E. coli K12 straing. The -
growth of the bacterisl strains on' minimal medium A plates containing a
0.2X carbon source was checked after 48 hours at 37°C C*32°C in the case
of strain 4-3I). The carbon source was 0.2% pyruvate when growth in the
presence of 2,2-difluorosuccinate (DFS) ‘er P-chlorolactate (B—CL) was -
checked. The carbon sources were: SUC - succinate; MAL - malate; ACE -
scetate; GLY - glycerol; D-LAC - D-lactate. )

~

“

Figure IXI-I. Schematic representation of the E. coli genome. The re—
levant genetic loci of strains CBT43, LL3 and LLS and their positions on
the E. coli chromosoae are shown in :his dlagram. _The F-prime factors

-of strains LL) and LL5 cover .the regions of the dctB and dctA genes and

the symbol "X" denotes a Iesion in their respective genes.



Gfoq’tﬁ-}:h&racterid;ics of -E. coli K12 Strains
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Bacterial Strain T Grawth 'onzv
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reflectnd only the uptake and not the -etabolis-'of'succinate (12).

'~ of dctB mutants from the FZargG strain.
-6

7" difluorosuccinate and 0.5% acetate (6).

.~

frd  in order that its wvhole cell and membrane vesicle cfaisport studies
Due

to its lack of succinate metabolism, it was possible to demonstrate

concentrative, active uptake in CBT43 cytoplasmic membrane vesicles

(13), which previous lnvestigators had failed ta do-

The spontaneocus mutants LL3 and LL5 were. selected from E. coli

K12 strains that contained F’ episomes covering the gal and argG regions

of the_EL.coli chromogome- respectively (6) The parental strain of LL3

was in fact constructed by transferring the F’ggi eéisone—to strain
The 35£ and g epiaonep in tura enconpassed the regions of the

CBT43.
chromosaome that contained the dctB (16 winutes) -and dc:A (78 ninuteso

tespeetlvely,-as shown schematically in Figure 1. Therefore, the

parental strainﬂ of the LL3 and LLS mutants contained two copies of the

dctB and dctA genes renpectively. When spoutaneous muytations in the

succinate transport systen were aelected in theue straina, the F’ggl
train had g ‘much higher probabllity of nutation in the dctA gene since

it wvas Qreégn:";n'oniy a single copy, as compared to a double copy for

the dctB gene. .A. similar argument e}:plains the preferential selection
The frequency of oécurrence of

which i{s fn

the LL3 and LLS mutants was found to be about 2 x 10

aateenént with a .single nponbaneous nutation in.eacﬁ.strain (6).-

Neither of the mutant -train- were defective in-suecinate dehy-
drogenaao (Table I). $0 thcy were able to grow on acetate ncdia. The:c-

forc, thcir failure to growv an ei:her succinate or uaf‘he wnedia and

'thcir -.thod of oolaction luggcctcd that thuy unrc nuccinate transport

They wars oclcctcd on minimal medis con;ain;ng 50 uM 2,2-
-' ’

" mutaats.
: it was’aobserved eariier that

-~ -

. - e X
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difluorosuchldaig was transported fnto g;;gélixcclyh via the dicarboxy-’
1;;3 éransport*sy;te- and that it uqﬁeéppetiiibel}_1nh1b1c;d the enzyme
‘malate dehidtogen;se. Thls in turn lﬁhibitgg tné-grovth of the cells om
acetate, since both fhe TCA and‘slyo?yiate cyciia‘vere blocked (6{14). .
However, ceils-that were unabie tQ_:ranap;FtAﬁu;cinnte would survive on
écetate.plaiqs in the presence of difluorosdccinate. 'Confirmatich of a

N\ defect in ;icarboxylate transport in the LZB and LLS nutanis;aelected‘ln
this way wes made vitg whole cefi succinate-tranapoii/assays (Figure 2).
It should be‘nqted that the gégg--utant, LLS, was also unable to
grow on minimal media iﬁ the absence of the4anino acids methionine,
histidine and leuéiné when 1t ;us originally isolated: (6). in:thiu“
study, however, LLS see;ed‘té'have iost its.grovth'dependghcq on these *
aaino acids (denoted by brackets in Table I). The reaasn‘fgt this
apparent reversion was unknown. The'th;eé anino'acjde_da'hot share any
common biosynthetic enzymes (14). The ;nly link ;hat could be found -
.between chem was a gene (1gég) located at 1§ minutes ou'the E; coli -
chromosome that contrbllgd the regglatfoﬁ ofabionynche;ic'énzyqea for
histidine and leuc{ne (15); A mutatiod lnAthis gene, hov;ver, uoﬁld not

. .

explain the loss of methionine suxotrophy, since the original defect in -

LLS occufred at'the~uet8 locus .at 88 minutes on t@g genetic map (6;;;).

An alternative explanation is that all three ‘auxotrophic autations were
Y . .- .
originally the result of a missegse or nonsense mutation in the same - '

amino acid codon,;ﬁhich could then be reverted by a single intergenic

- -

suppressor mutation (4). - o s

—

" (11)Whole Cell Succimate Txansport - Whole cell tracsport of 50 uM
'IIAC]-oucclnatg was ‘carried out’ th LB—g:owﬁ CBTA3.‘EL3‘ané LLS as ,\

y describgd lu'gxpctiucntal Proced 'eu: The growth conditions that were

- »



used gave the maximym activity of succinate uptake (1l6). These were the
. k)
eame growth conditions that were used for the preparation of the solu=

bilized cytoplasmic lbgbrnneé used for affinicy é!ropatogtaphy. Figure

Y

2'~a plot of the uptske of succinate over time in the three strains.

-

'Both‘lL3 and LLS were essentially devoid of succinate transport activity

(4. \F d 4.42 of control reSpectively), while CBT43 transported the

substrate at a'rate of 46.6 pmoles per minute per 107 cells.
9. : *
As mentioned earlier, LL3 was selected from a strain that was

. derived from CBT43 and so its génetfc background was very simi¥ar to

that‘?f_CBT63. In contrast, LLS5 was originally selected froﬁ a strain

$

.that had a different genetic background than CBT43. Therefore, in order

re
- & ~

to rulg out any diffeqipces that these two wmutants might have when com-

paréd to each other and strain CBT43 as a consequence of their different

‘.
-

genetic backgrounds, an attespt was made te isolate spontaneous rever—

4
tants from them. These rqvertants were selected on both succinate and

=

malate plates'as described in Experimental Brocedures and then they wete

)
-

screened for succinate :ransport activity.” If the dafects in LL3 and-

LLS were due to aingle point mutations, as suggested by their selection

frequencies (10 96 and method of aelection (6), then it was theoretic- ’
ally poasible to obiain sp§n;aneous revertants that had regained the
abilicy’ to Cransp0tt nﬁccinate (1,4). Prom a total of 50 LL5 revertaats
that were teoted only one.w!s able to grow‘well on.both succinate and
salate media, (Table II) and it had also regained the abiligy to trans-
port'-ucctnaie. In faat, its transport Yate of 32.9 pacles per aminute

<

per 107 cells was about 762 of the rate of CBT43 cells assayed in the

same experiment (£3.2 p-oles/-1n1107 cells). Figure 3 shows the

transport of 50 uM succinate by this revertant (#1J), CBT43 and another
» .

»

12
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Figure III-2. Succi?gte trangport in CBT43, LL3 and LL5. Whole cell
sransport of 50 ud [* C]~-succinate was assayed over 5 minutes in strains
C8T43, LL3 and LLS as described in Experimental Procedures. Late-log,
LB—grown cells were resuspended in 50 mM potassium phosphate buffer (pH
7.5) to an optical density of 4.0 {gOO m). €ells (120 ul) were added
at time zero to 600 ul of 100 uM [ C)-succinate and 480 ul of phos-
phate buffer. Aliquots (200 ul) were removed at 1 minute intervals and
were filtered, washed with phosphate buffer and counted for radiocactivi-
ty. The relative rates of succinate tramsport ip the three strains
were: CBT43 - 46.6; LL3 - 1.9; LLS - 2.1, expressed as picomoles of suc-
cinate/10 cells/minute.

Figure I11-3. %gccinate transport in LL5 revertants. Whole cell trans-
port of 50 uM [ C]-succinate in CBT43 was compared to two/ppontdneous
revertants of strain LL5. Transport assays wére carried gGt as in Fi-
gure 2. The relative rates of succinate upta%e were: C 43 - 43.2; LLS
Rev #1 - 32.9; LL5 Rev #2 - 1.9, expressed as picomoles of syccinate/10
cells/minute.
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_possible revertant (#2). Altheugh LLS Rev lz-grew on both succinate and

malate, it was not a {rue transport revertant and it was not character—
- .

ized further.

Even though LL3 was thought to be a single point :ai:nc as well, ~
no spontanedus revertants could be isolated from it. Any colonies that

were {solated on succinate plates were unable to grow on malate media

and their succinate transport activities were no different than that of

LL3. Selection of LL3 revertants was attempted next in the presence- &f S

Ya o r ot

the potent mutagen, nitrosoguanidine. This is an alkiiét&pk agenr tha¢

‘.

causes mainly GC to AT transitions and therefore itf raises the mutation
ftequenc; for a particular gene by several .orders fuanitude (1,5).
However, putative LL3 revertants that were isolated on succinate plates
in the presence of the mutagen were not able to gransport’auccinate 1n
whole cell asdays. This suggested that the.orig$n§1 mutation in LL3
involved eieper a frameshift mutation that only reverted at a very low
frequency or a deletlén or @nsettion that could not ﬁe reverted or

suppressed (1,4).

(1i1)Affinity Chromatography - Solubilized cytoplasmic membranes were

preparedvfron LB-growm CBT43, LL3, LLS and LLS Rev cells and their
agpartate—-Sepharose column profiles were e;anined on SDS polyacrylamide
gels. The orlginal designation of the cytoplasmic membrsne transport
components as SBPl and SBP2 was wmade because of the elution of onl¥P the
first or second protein peak from affinity columns of the dctA and dctB -
mutants LL3 and LL5 respectively (17). However, in the studies pre-

segted in this chapter the affinity column profiles of strains LL3, LLS

and LLS Rev uere.cinilar to-that of strain CBT43 (Chapter 2). Only one

protein peak was consisténtly eluted with succinate (or sodium chloride)
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duriﬁs iffinity chronatogtappy_o{ their c}:op%gslic nenbtanes} An ex—
planation for this dibcrepancy-could be the differences in cytoplasmic’
lkabrane preparation and solubilization bétween ghe earlier studies and
this assay. The gel in Figure 4 shows the ptoiein; eluted from the
column for Triton-solubilized LL}, LL5 and LL5 Rev membranes. The total
meabrane extract, 100 aM phosph;te and 0.2 M succinate fractions ace
shown for each }grain: The same four major ;roceins were eluted from
tgf\aspartate-Sepharose columns of all three mutants and these proteins

, were Jdgﬁg;cal in nolecular ueight to the proteins isolated from CBT43
mexBranes. B‘he affinity columns were run 1n buffer containins 0. Osi

. Triton, so the ZZK, 35k and 17K ptoteins were eluted with 100 mM phos-

phate, whiie the 53K protein was eluted with 9.{ M succinate. However,

. the levels of boﬁh the 53K and 17K proteins appeared to be lower R
relative to the 42K and 35K proteins in LL3 when {t was compared to the
other two strains. - Lower levels of these two progeins were evident as
well in LL3 when its affinity-purifiéd proteins were.gonpare& to those
of {ts parental straléﬁ CBT63°(see Figure 8 in Chapter 2). A difference
in the levels of the 53K thtein among the four strains was also
observed when CHAPS-golubilized, affinity-purified proteins were -
examined on an SDS gel. Figqyeis shows tpat; apart from some dfffet—
ences 1n the mipor bands, the 17K band was the iajbr protein eluted by

100 aM phosphate in all of the strains. The 53& and 42K proteins were

€luted with sodium chloride in all four strains. The low levels of the

. 4

%2K protein may have been due to the fact that the membranes used in
V this experiment were only extracted once with CHAPS and a second extrac-

tloq_-ay have .been necessary to more effectively solubilize the 42K pro-

tein. Again, the lcvo}o of the 53K pggtein appeared to be highest . in .



Figure 1I11-4. Affinity column protein profiles of mutant strains LL3,
LL5 and LL5 Rev. LB-grown, Triton-solubilized cytoplasmic membrane pro-
teins were purified. by aspartate-Sepharose chromatography as described
in Experimental Prqcedures in Chapter 1I. The columns were washed with
10 mM phosphate buffer (pH 6.6) containing Q.05 Triton X-100, S mM EDTA
and 0.002X TSFs Proteins were detected in the column frqctiont by ab~
sorbance at 280 om. Proteins were prepared for SDS polyacrylamide gel.
electrophoresis by 10X TCA precipitation, followed by acetone precipita-
tion. Electrophoresis was carried out on a 1.5 mm, 11.52 polyacrylamide
slab gel.

Lanes 1, 2 and 3 for each strain are: 1 ~ cytoplasmic membrane proteins;

2 - 100 oM phosphate-eluted proteins; 3 - 0.2 M succinate-eluted pro-
teins.

Figure I1I-5. <Comparison of affinity-column protein profiles of CBT43
and transport-mutant streins. LB-grown, CHAPS-solubilized cytoplasmic

- membrane proteins were purified by aspartate-Sepharose chromatography as
in Pigure 4. The columns were washed with 10 mM phosphate buffer (pH
6.6) containing 0.05% CHAPS, 5 mM FDTA and 0.002% TSF. Bound proteins
were eluted successively with 100 aM phosphate buffer and 0.5 M sodium
chloride buffer. The proteins were prep.red for electrophoresis as in.
Figure 4.

100 aM - ,100 mM phosphate—eluted proteins; NHaCl - 0.5 M podium chloride~
eluted proteins.

" Lame 1 - CBT43; 2 —‘LL3 3 - LLS; & - LL5 Rev; 5 - 4~ 31.
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LLS and {ts revertant and lowest in -LL3.

Thé above ;gpults suggest that the 53K protein was present {n
lower quantities in strain LL3 wﬁen either Triton or CHAPS-solubilized
memabrane proteins were examined on the aspartate-Sepharose column. Pre-
vious ¥Mading studies with cytoplasmic membrane vesicles showed that
strain LL3 was defective 1n‘the SBP2 transport conponén; coded for by

~ the és&ﬁ gene (6). Since both LLS and its revertant harbour two coples
of the dctA gene, the observed elevated levels of the 53K protein in
both of these strains is also in agreement with the notion that the 33K
protein may in fact be the SBP2 transport conpohent. Therefore, ; ten-
tative identification of the 53K protein as SBP2, the defective protein
in LL3, may be made at this point. An identification of the SBPl trans-
port component was not poésible since {t is no; evident from these re- -
|su1:; what the corresponding defect is i? the dctB mutant, LL5. Except
for their respective succinate trénsport phenotypes, strains LLS and LLS
Rev are 1sogenic; However, the affinity column protein profiles of
these two strains did not reveal any differences in either the Triton or

CHAPS-solubilized proteins.

~Isoelectric Focusig;ﬁgné;ysis of Affinity Column Proteins - The

results of the affinity chromatography studies with the spontaneods

transport mutants, LL3 and LLS, led to a preliminary identification of
: ¥ -
the 53K protein as the SBP2Z transport component. The lower levels of
. N -
this protefn in strain LL3 could have been due to either a decreased

-
~

-

level of synthesis or a decreased affiniiy of the profcin for the aspar-
. tgte-Scphiroce column. The defect in LL3 appeared to be due to a dele-
tico or iansertion mutation, since neither spoataneous or nitrosoguani- <

" dine-Induced revertants were isolated fgo- this strain. din contrast,

-

R

L)




the genetic defect in :ttain LL5 did not appear to affect either the mo-
lecular weights or levels of the proteins 1solated.fron the affiﬁigy
column when compared to its revertant, LLS5 Rev. The isolation of th;s
spontaneous revertant from LLS confirued the suggestion th;t its défect
might be a single, point mutation (1,6). It 1s possible th;t the muta-
tion in LLS did not affect the substrate binding ability of its defec-—

L3

tive transport compgpent, directly or indirectly. Imnstead, it.may have

occurred at a site on the transport protein that only affected the

»4tfdnslocation of the substrate across the cytoplasmic menbrade. This

wouId explsin why the mutant transport proteins could still be isolated

- -

bz affin:ty chramatography.’ In any ‘case, 1if the mutations -in LL3 and

_ —

" LLS reaulted in the sube:itution (ot change) of an amino acid(s) that

N 4 - ~ ‘_

changed the net chp:ee on cheir;ﬁespective defective proteins, ‘then this

change might -be detet;e&.on tsoelectric focusing 3els-

The affinity-pufified cytgﬁfasnic membtane proteins from CBT43

N ..\_.:‘.

were ﬁirst examined on Oftxrrell‘tuo-dinensional gels, as described in
- - \

Experimental Procedures (8,19},,:;h§§ allowed for a correlation of tﬁe

lséelectric spec{eo sepatéted Ln_ghe fgrst dimension with protein bandg

of a certain molecular weight in tge‘second dimension. Proteins from

the.;spartate~seph1:ogq cohumns of LL3, LL5 and LLS Rev membranes were
.;hen only neparqt;d iq”the first dimension and their igoelectric points

were coapared witlH the CBT43 proteins.

-

({)Ivo-Dimensional Gel Analysis of CBT43 Proteins - Figures 6A, B

-

" and C are the O’Farrell gels from 13531-11belled,‘Iriton-solubilized‘

CBT43 ceslls, showing the protein nﬁcc;cu from the total cytoplasmic
membrane thract, 100 iH‘phocéhace and 6;2 H’iucc1nate affinity column

paaks respectively. . The affinity column buffer contained 0.05% Triton.

- . . . .
.
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Pigure III-6. Two-dimensional gel electrophoresis -of CBT43 cytoplasmic
membrane and affinity-purified proteins. Iscelectric focusing was car-
ried out to equilibrium in the first dimension from pH 5 to 7, as de-
scribed in Experimental Procedures. Tube gels (11 cm x 2.5 mu) of &%
polyacfylamide contained 9 M urea, 22 Triton X-100.and 2% smpholines.
- Separation in the second dimension involved 1.5 mm, 11.5% polyacrylamide
’ SDS slab gels. The symbols ™+" and "-" indicate the acidic and basic
'regiosg of the pH gradient reapectively.
[T"5])-1labelled, Triton-solubilized cytoplasaic nenb:ane proteins.
B - 100 =M phosphate~eluted proteins from the aspartate-Sepharose column
C(run in O. 052 Triton). .
C-0.2 M succina:e—eluted proteins (following page). ’







LA

. ‘ - &
Figure III-7. SDS gel of [3SS]-labelled CBT43 affinity column proteins.

The corresponding 11.52 polyacrylanide, SBS gel is shbwn for the affini-
ty~-purified proteins separated by two-dimensional gel electrophoresis in
Figure 6. . t

Lane 1 - cytoplasmic membrane protefins; 2 - 100 aM phosphate-eluted
proteins; 3 - 0.2 M succinate-eluted proteins.
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The first ¢i-ensioe'pg'gtgdieg;Av;e from pH'? eo 3 rcad-fro-.left to
right in ;il of the_figures. The major proteig speclies were geadily
i&eptiiied in the éel of Ehe‘lOO-n§ peak (Figure %B) le the 55K,~62K,

35K and. ux bends, along\éith an addirional band of 56K wlecular
Helght, and cheir positions on the gel cortesponded ueIl co the SDS gel
in Pigure~7. Both the 42K and 17X protelna_appeared te bo a uixture of -

’ -

two major proteins with sligh:ly di{ferent tsoelectric pointx. One~

.major spot that corresponded to the 53K proteln'uas presenf in the,

- T - . . \ : -

succinate peak (Figure 6C), as well as several minor species with

different "isoelectric points. The iscelectric pbints (pl) of the -ajor
[N -

affiniey-putified proteins in CBT43 were found to be 7.2 to 7 3 (S3K). .

7.2 to 7.5 (42K), 6.8 (35&) and 6.5 to 6.7 (17K). Theae_values were

N determined by densitometric scanning of the Coonassie—stalned iscelec—

tric focusing tube gels shown in Pigure 8. These gels were ruq vith-a
pH 5 to 7 gradient io the presence of 4 M urea and 2% Triinn‘§-100.<

The two-dimensional gela in this study were coapared with the

>
.

results of Neidhardr et al (18) for known E;_Egli proteina in order to
see-if any of eheinajor éro&eins eOuld be -identified. Ihe 53K, 2K and
17K proteins were ‘mot among the identified proteinn on Neidhardr’-
:efezegce'gel; The. 35K “protein may have been {he<outer --bra?e protein
'TuII* tOlpA) (19),-altﬁbugh th; ndlecelar weight (33K) and'iipelcctrtc ‘
point of TuII* (pI about 6) ate-different than those of ;hQAQSK protein
in this study (pr of 6.8). it wvas otlgiqflly thou;ht that the SBK:
protein fron the succlnate peak (Figure C) likht hc thc-ulphn aubunttf
of the B..colt ATPale, a! -tJot cy:oplac.4c lc-bfann cnzy-‘ (20)

However, the fsoelectric poin: of thc 53K protcin (7 2-- 7.3) UI. not ac

'leidic as_ that of the AIPaue nlpha lubunit (pl of 6. b) (21) Iu addi-




Figure III-8: Isocelectric focusing,of CBT43 affinity column’ proteins.
Afftnisg-purlfied 100 =M phasphate and 0.2 M succinate-eluted proteins
from [~ S}-labelled CBT43 cytoplasmic membranes (F{gure 7) were sepa-
rated on 4X polyacrylamide isoelectric focusing tube gels containing 9 M
urea, 2X Triton X-100 and 2% ampholines (1.6X pH 5-7, 0.4X pH 3710).

The “+° and "-" signs indicate the acidic and basic ends of the pH gra-
dient respectively. ghe isocelectric points of the various bands are in-
dicated in the figure..

Gel 1 - 100 mM phosphate-eluted protelns- 2-0.2 M succinate—eluted

. proteins. . N
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tion, wwhen nonocloﬂal antibodies specific for the alpha.subunit (22)
‘were incubated with Western Blots of either total cytoplasmic membranes
or proteins isolated with aspartate—Sepﬁarope chromatography, the alpha
polypeptide was only detected in the whole membranes. The isoelectric
point of the §6K protein from the 100 mM peak (Figure 6B) was much
closer to that of the alpha subunit, but this was not one of the_najo;
proteins that was reproducibly isolated from the affinity column.

(ii)Isocelectric Focusing Analysis of Mutant Proteins - A comparison

of the isoelectric points of the affinity-purifled proteins in CBT43 and
the amutant strains LL3, LLS and LLS5 Rev was carried out next. Two )
different methods were used for the pl determinations; The protein
samples were run on 4X polyacrylamide tube geis, as described previo;sly
for the CBT43 proteins, and on 7.5% polyacrylamide horizontal ultrathiﬁ "
slab gels. Deapi;e the fact that the sample buffe; contained-9 M urea
and 2X Trlton,~ssnple solubility problems ;ere encountered with both ~
methods. This might be related to the problems of aggregation or pre- -
cipitation of the concentrated membrane prote;n samples that were dis-
cugsesed in Chapter 2. This eql;biiity problem was especially pfonounced
in the ultrathin slab gels, since larger amounts of p;otein had to be
run in each lane (40 ug) in a very concentrated form (10 ul) in order
_that Coo;d'sie—ltaingd bands could be visualized."rhis was due to the

fact Fhft much of the pro;‘}n apparently ran en top of the ultrathin éel
and uaipiherefore removed during the fixation step. p

The data presented in Table III represent the best results ob-
tciy.d for the 1soe1;ctr1c poiﬁtl of the affinity-purified proteins ip
CBT43, LL3, LLS5 and LLS Rev. Part A shows the pl values for the Triton-

solubilized 53K protein determined in tube gels with a pH gradient of 3

)



Table III-III. 1Isoelectric points of affinity-purified proteins. Pro-
teins isolated via aspsrtate-Sepharode chromatography of CBT43, LL3, LLS
and LL5 Rev cytoplasmic mewbranes were separated on 1soe1ecc:ic focusing
-gels.

A - Triton—solubilized, [ S)}-labelled proteins (0.05XZ Tritom in column
buffer) were examined on 4% polyacrylamide tube gels (2.5 mm x 11 cm) as
in Figure 8. All gels were stained with 0.5X Coomassie Blue.

* - gels which were also sliced and counted for radiosctivity.

B - ‘CHAPS-solubilized proteins were examined on 7.5% polyacrylamide
horizontal-slab gels (0.3 mm thick) containing 8 M urea, 22 Triton and
2% ampholines (pH 3-10) as described in Experimental Procedures. -

* -.results from a separate slab gel.

\‘ o

Bk
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Igsoelectric Points of Affinity~-Purified Proteins

Protein . IEF . Isoelectric Points
Species Conditions CBT43 LL3 LLS LLS Rev
é 53K pﬂ 3-10 7'6* 7-3* 7-5* 7.5*
+ SDS
53K PB 5-.7 7-1* 7-1* 700 . 7-0‘
- . + SDS .
‘B 53K pH 3-10 7.8 7.7 1.7 1.7
’ X ' 42!(++ - 8.0,7.5* 7.9,7.5 7.9,7.5 7.9,7.5
17&1 - ' 605*' 6!4 = 6-4 ’ __604
A N

++ two different isoelectric species
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to 10 or 5 to 7. Both eiperinentd focluded IX SDS “and excess Tritom in
_-the sample buffe; in an ;tteibt to achiéve @ore complete solubflization
of the sample proteins. Slight &1fferences were observed in'the iso—-
electric point of the 53K protein amoné the four strain§ in both experi-
ments. The higher pl values in the pH 3 to 10 gels might reflect either
expérimental variation or\the broader pH gradjent. Due to the possible
errors involved in comparing samples in different tqge gels, the CHAPS-
solublilized, affinity—purified proteins from the four strains were di-
rectly compared on u}trachin slab gels in Part B. 1t was evident that

A

Ehe {soelectric points of the 53;,‘A2K and 17K proteins were identical
in strains LL3, LL5 and LL5 Rev.. The valoes for these three proteins in
CBT43 were obtained from a separate'siab gel and this might explain the
difference of 0.1 pH units for eacg.vaLue. The highet pl values of the
S3K protein in the ultrathin gel (B) in comparison to the tube gel anal-
yses (A) could be related to the method of pH gradient determination.
The pH gradient in the ultrathi:/;gls was meagured immediately after

. .

focusing with a surface pH électrode, whereas the tube gels were sliced

(<)

N and soaked in deionized water prior to the pH determination. This pro-
bably ;esulted in a more accurate determination of the iscelectric
points in the ultrathin gels, due to the instability ;1th time of the
basic end of the pH gradient, which could have been a factor with the
tube gels (23). In any case, the affinity-purified proteins from the

wild-type and t?ﬁhhport—uutﬁnt cytoplasmic membranes appeared to be

identical with respect to molecular weight and isoelectric point.

Mu Phage-Induced Mutants - None of the°bac_terul strains that

have been discussed so far showed a detectable dlffercnce in the molecu~

« lar weights or is8electric points of their affinity-purified proteins.
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.The lower levels of the 53K protein in LL3 suggested that it was the de-

fective transport eocaponent, SBP2, in this strain. A corresponding

identification of the defective transport compoanent, SBPl, 1in strain LLS
was not made. Therefore, in order to obtain a clearer picture about the
identity of the membrane proteins isolsted by aspartate-Sepharose cﬁro—

matography, it was desirable to comstruct succinate transport mutants

"

that carried a deletion 1% either the dctA or dctB genes. These amutants
were selected from CBT43 cells that were infected with a tenperat;re-
censitive, anpiciliin-résistant Mu phage, as described in Experimental
i&gsedurq?. This bacteriophage is able to insert randomly into the E.
ggli'chfo-osome at the permissive temperature (32°C) and this effective-
ly results in the total or partial deletion of the gene into which it is
inserted (7). Therefore, ihe gene produ;; ig either synthesized id a
truncated form or not at all. Since the insertion of the phage 1is a
random process, there is theéretiéally an equal probablility of selecting

mutants in any gene in E. coli (8).

-

(1)Selection of Mutants - Succinate transport deletion mutants were

selected from Mu-infected CBT43 cells by plating them at §1ffereht
dilutions on minimal media containing 5O or 100 uM 2,2-difluorosuccinate
and pyruvate as the carbon source. As discussed earlier, difluoro-
succinate only inhibits the growth of ce&la that have an intact dicar-
boxylate transport system and therefore it selects for mutants that are
defective in lucglnate transport (6). To distinguish them from spon-
tanc#ul mutants, colonies that arose on the difluorosuccinate plates

were replica-plated onto ampicillin-containing media; only mutants that

contained a Mu phage insertion should be resistant to ampicillfn since

the parental strain, CBT43, was sapicillin-sensitive. 1In addition, ly-

14




sis of mutants at 52°C also confirsed the presence of the ﬁu phage due
to the lytic activity of the phage at the non- raissive temderature
(7). Parentgl CBT43 cells and any spontanﬁous trauspo;t mutants were
leg to survive at AZOC, although their growth was retarded. The fre-
quency of occurrence fgrﬁﬁhe Mu phage deletion mutants was found to be

4

1.5 +/- 0.4 x 10 (o=6) for both 50 and 100 uM difluorosuccinate selec-

tions. This also confirmed the fact that these mutants did not arise

_spontaneously, since spontaneous mutation frequencies for E. coli genes

are several orders of magnitude lower than the above frequency (2).

(ii)Succinate Transport Screening - The Mu phage-induced mutants
were next screéned for whole cell succinate glnnaport actl&ity, as
described‘1n.Exper1mental'érocedures.. Prior to :hisAsc§een1ng proce-
dure, the muta;ﬁs were first tested for gmowth on 0.2% n;late media;
only those mutants that failed to grou‘on'malate were tested further for
succinate tran‘spot_'t acéivi;y. Thel reassfor this was that mutants that
are selected with diflﬁorosuécinhte could potentially be defective in
either the periplasmic binding protein, DBP, or one ofilhe cytoplasmic
wembrane components, SBPl or SBP2, of the dicarboxylate £panspo£t ays-—
tem. 'Egrlier studié; ;houed that nuéahts defective in the former cén—
ponent were not able to grow in low malate (0.04%) media, but were able
to grow ;n high hqlate (0.225 media, presumably because of diffus?&g of
substrate at this conceatration across the outer membrane and its sub~
sequent cranapart via the intact cytoplasmic membrane conpo@enta (24,
25). _Therefore, mutants that failed to grow on high malate media should

be defective in cytoplasmic membrane dicarboxylate transport. When.the

growth patterns of these mutauts on various carbon sources were compared

to that of the parental strain, CBT43, the mutants oculy dlff!thd from




C§T63 in tgnit ability éo grov on malate and their ability to grow in
the presence of difluorosuccinate (Table Il). Like CBT43, they were
able to 3tov od glycerol but were unable to grow on suécinate or ace-
tate aince they were sdh and ftd .

A total of 68 autants were tested for 2, 4 and S0 uM | C]-.
succinate tramsport activity and the majority of the strains had ’
%rausﬁbrt rates ranging from 0.5 to 15% of the éontfol CBT43 value.
F%éure 9 compares the transport of 2 uM succinate in two ofAthg Hﬁ—
induced éntants, B—i_(Z.ZZ) and 99— (11.1%X) Hfth thé transport ébserved_
for CBT43 c¢ells. 1In contrast, Mu-induced mutants that were selected
with 2 Mp—:hlomhcéate had 2 uM succinate tramsport activities be- .
tween 40 and 60% of the wild—type value (16) ﬁarliet etudies‘ s;ho;ied
that nutants selected with B~chlorolactate vere defective in the peri-
plasaic dicarboxylate binding protein (24). This reason for this was
that D—lactate shares this transport component with the dicarboxylft——
acids for translocation into the periplasn, bnt-i:a trxnspott acroaa eﬁe
-cytoplasnic membrane 1nvolven'dnother.syaten (25). Ail.of the strains

« ; . :
" used {n-this chapter were able to gtow on D—lactate nedia (Table II)
This fact . along with -their extrenely low snccinate :ransport activt-

.tieo, ouggeocad that they were not defective in petiplasuio succinate
o -
transport.
. » ’ : »
(i11)Comparison of Membrane Proteins ~ Total membranes (outer and

cytoplasntc) vere prepared as described 1n‘ExperL-enta1 Procedures from

the difluoronuccinate—nnlected mutants that had lov seccinate tgpuaport

]

'lctlvities. These -a-brnnel uere examined on SDS gels in order to de-
. \ .
termine 1f any gross q;tféronc¢-~u¢r¢ evident in their protein profg;ps.,

Figure 10 compares tﬁ; totsl membrane protein patteruns of CBT43 and five

i - -
R - -~
. St . : -
4 ' -
N .




Figure ilI-Q.: Comparison of succinate tygnsport in CBTA3 and-ﬁu¥induced'

mutants. Whole cell tramsport of 2 uM { C]-succinate was assayed in

_CBT43 and 2 Mu-induced mutants {(9-4 and 8-1) as described in Figure 2.
".The relative rates of succinate uptake were: CBT43 ~ 27.9; 9-4 - 3.1;
81 - 0.5, expreased fn picomoles of succinate/10’ cells/minute. .

b
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Figure III-10. Comparison of
and Mu-induced mutants. Tota
prepared from LB-grawn sonica
cedures.  Membranes (approx.

total membrane protej.!pfoiilés\in CBT43
1 membranes (outer an ytoplasaic) were
ted cells as described in -Experimental Pro-

50 mg) were dissolved in SDS sample buffer -

and their protein profiles were examined on an 11.5% polyacrylamide SDS

gel.

lane 1 - CBT43; 2 - 8-1; 3 - 8-86;. & - 9-34; 5 ~ 9-80; 6. 10-47.

~

[

-
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Mi-induced mutants. Mutants 9-34 and 10-47 shoieq striking differepces

- in their pratein patteruns when compared to‘caré3.',uouever, mutants 81,
8-86‘ahd 9480, glpng‘uith'séveﬁxother msutants that were ixanlucd, were

virtually identical with respect to total membrane proteins to CBT43.

-

o . " It was evident ﬁhat an examipation of the membrane proteins in the wu-

4

tants could not reveal the deletion or disappearance oonuly a Qingle

protein species that could be rel&tgd te succinate transport. The au- —

—

tants had to'be examined further with ﬁspartate-Sepharoce'afflniiy chro-

. matography, in order to reveal if any of the proteins Lsolate&_t:oi CBT4]

- Y . ~

membranes were missiag. . .t . .
' . - ‘ i ’

-
4

. LB-éroun.:Ifit&neso}ubiklzed cytoplasmic membranes were prepared

from thirteen Mu deletion mutants and the protein profiles of aFftaity

-

coluuns run im 0.05¢ Tritom were compared., Figuré 11 shows the tesufﬁi
- from seven of these mutants. In six of thé'|b;ants. the 42K, 35K and

iZK ptp:einﬁ were gfeaeng in the 1Q0 aM phdaphate peaﬁ and‘the S3K
« - . 7 t R - -7, A ; .-
o protein was eluted vieh'o-z M succinate. The nolecglar ueights of these

four proteins were 1deut1cal to those observed earlier in-CBT43 and the

-—

apontaueou; granspo:t autaots. The levels of two of theso préteins, the

53K and 17K proteins were also louer lu these ‘six nutantt, sinllat to,.

L

-

r S the reeults&diseussed earlier for the LL3 autans . uouoner the -oct

vinportant observation that can- be ..ae fro- Pigure 1 is thnt the -odlua
chloride peak of mutant 6—31 co-plgtely lackgd thc 33K’ prote‘n Lhat was
:ﬁresent in CBT43 and all of che othqr dutadtd. Hhole cell traagsport

% o " .tudie. uith 4 uu‘[ C] uucctuato 1nd1catcd :hat oerain 6‘81 htd.only

1. 61 of the :tansport activity nclativc td CBTQS. Unfortunatcly, k-3l

= ' . did not appea: to be ‘a ltablc -ntaut sincc tho ahtcuco of thc 53! pro—-

: ’ “ Y.

. ‘i . ‘teld vas oot e :cprodncibl. obicrvntivn. Thiq protciu vas . 1-o¢at¢d tn

“.“«_ ‘ ’ - ' ‘ . ) .a

";“ . ‘-‘ ‘ . 3
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Figure 111;11. Affinity column profiles of Mu—induced mutants. Triton-
solubilized, LB-grown cytoplasmic membrane proteiuns from 5 strains of

+ - Mmu-induced mutants were fractionatdd by aspartate-Sepharose chromato-

graphy. The affinity columns were washed With 10 mM phosphate buffer

* (pH 6.6) containing 5 mM EDTA, 0.05X Triton and 0.002% TSF. ¢

A - proteins isolated from strains 4~25 &nd 4-31 (selected with 50 uM
Z,W); ‘ . i .

B - proteins isolated from strains®8-86, 9-34, 10-47 and 11-4 (selected
with 100 uM 2,2-DFS). - ‘

00 aM phosphate—eluted

proteins; 3 - 0.2 M succinate-eluted proteins.
' 3
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subsequent experiments from both Triton and CHAPS-solubilized 4-31 mem—
branes (Figure 5). This mutant was checked for reversion to the wild-
type phenotype, but it still had low succinate transport activity and
was unable to grow on high malate media. The implications of the 53K
‘proceints reappearance in strain 4-31 will be dealt with in the dis-

[y )
cussion.
. ’

DISCUSSION '

The results of Chapter 2 showed that four major proteins were
routineky’fgolaéed with the technique of aspartate-Sepharose chroma— .
-ography froa Triton-solubilized cytoplasmic membranes of CBT43, an E. ,

coli strain that was wild-type vith‘respect to succinate transport. Two
of these proteins (17K and 35K) were only bound to the column in low’
ionic strength buffer contaiming 0.0l Triton, while the other t;o
proteins (42K and 53K) were only. eluted froam the column with high ionic b
. | strength buffer containing succinate or sodium chloride. These latter
two proteins were therefore considered to be good candidates for the
pytoplaluic membrane ditarboxylate transport proteins. Succinate bind-
143 studies with both the PSDG column and nitrocellulose filtration
methods also'suggecéed that the 53K and 42K proteins exhibited a higher
succinate binding capacity as compared witﬁ the proteins eluted by 100
D =M phosphate. However, despite their ability to bind with succinate,
. the lnvnl;cncnc of these two prq}eins in the dicarbo;yl&ie transport
proceds can only bde dc-onatratcd‘through the use of appropriate'tranl—
port mutants. The properties of a number of dicarboxylate transport

mutants were exzamined in this chapter. The affinity-purified proteins

from various types of mutants were analyzed on SDS polyacrylanidc-aqd
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isoelectric focusing gels in an attempt to correlate the loss or éhange
in position of a particulay protein vitﬁ the genetic defect in each
strain. .

Two of the mutant strains that were exmined, LL3 and LLS, were
spontaneocus mutants that were selected in ea;ller stud%es with 2,2-
difluorosuccinate (6). Both of these mutants were unable to grow on
succinate or malate media, and their ability to grow on acetate media
suggested that their failure to use the dicarboxylic acids as carbon
sources was not as a result of a defect in an enzyme of the citric acid
cycle or glyoxylatf shunt (v,12). Instead, whole cell'succiﬁaé; trans-
port studies indicated that the inability of thgse two strains to grow
on the dicarboxylic acids was due to a defect in the transport of these
substrates; The frequency of occurrence of these two mutants (10-6) and
the merodiploid nature of each strain suggested that the phenotypes of

LL3 and LLS5 were due to single gene mutations in the -detA and dctB genes

respectively. 1In additiod, the isolation of a spontaneous revertant

- from *LLS that had regained both the abilities to grow on and transport

succ;nate suggested that the defect in LLS5 involved a single point
uutation.(l;IZ). The failure of LL3 to revert eitheé*cpon:aneouoly or
in response to the amutagen ni;rosoéuanidine suggested that its defect
might involve a deletion or insertion in the dctA gene that could only
be reverted at a very low frequenc},.iz at all (1,4). Finally, the
inability of LLS to grow on high malate along with its ability .,to grow
on D~lactate further suggested that its succinate transport defect did
not involve the nearby cbt gene for~the periplasmic dicarboxylate

binding protein (12,16,25).

This last argument can also be applied to the deletion sutants
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that were selected with difluorosuccinate from Mu-infected CBT43 cells.
These mutants were also unable to graw on succinate or malate and their
whole cell succinate transport rates were coamparable to those of the\y_‘\\’/
spontaﬁéous mutants, LL3 and LLS. 1In the case of the deletion mutants,

however, it was not determined whether an ‘alteration of the detA or dctB

gene was specifically involved in their.repective phenotypes. . Neverthe—
less, these mutants were shown by several criteria to contain a Mu phage
ifnsertion that interfered with their abiilty to transpogt succ%nate.
fheae criteria {ncluded their resistdnce :; ampicillin, their inability
‘to grow at the non-permisgsive éenperature and their frequency of occur-
rence (10-6). The only anomaly that was observed with all of the
strains, b;th spontaneous and deletion mutants, was their ability to
grow on media containing p-chlorolactaté. .Their ability to grow on D-
lactate suggested that the dicarboxyl;te binding protein it all of the o
auytants was normal and thereforE they should have been sensitive to p
growth fnhibition by B;chlorolactaCe (12,25).

The initial 1aoelectr{é focusing and two—-dimensional electro-
phoresis studies with the Triton-solubilized, CBT43 affinity-purified
proteins i{ndicated that the two proteins, 53K and 42K, that ianteracted
most stroangly with the aspartate-Sepharose column had fsoelectric points
of pH 7.3 and 7.2 to 7.5 respectively. The higher iscelectric points of
these two proteins may partly explain the greater aff1n£t§ that they had
for thevnogntively-charged residues of the affinity column in comparison
to the 100 mM phoophi:c—cluted 35K and ‘17K proteins. However, the fact
that both the 53K and 42K proteins still bound.-to the affinity column

vhen the pH of the column buffer was above their respective isoelectric

points (see Chapter 2) ruled out the possibility that they only had an

el
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ionic attraction for the aspartate-Sepharose. It should be noted that
thg determination of the pl vaiuea of the affinity-purifi?d proteins in
the presence of urea may not have reflected‘che true charge on these
proteins either in vivo or during aspartate-Sepharose chron;tography.
Urea disrupﬁs the ;on-covalent forces that govern the three-dimensional
structure 6f polypeptide chains and therefore it may €hange the overall
charge on the proteins by expos%rg previously-hidden ionic sites (26).
The proteins in this study were insoluble in the sample buffer in the
absence of urea. Therefore, while isocelectric focusing may not have
glvenQﬁlaccurate determination of the isoelectric points af the affi- .
nity-purified proteins, it allowed for a cémpariégh of the pI profiles
between the various strdins. ‘ — —_

. When the solubilized cytoplasmic membrane proteins from mutants
LLB:‘LLS ;nd LL5 Rev were examined after aspartate-Sepharose chromato-
graphy on SDS and isoelectric focusing gels, no detectable differences
were evident in the Qoleculdr weights or isoelectric points of the
isolated protéina. ~The S3K, 42K, 35K and 17K groieins were present {n
all of the mutants and all four proteins appeared to have isoelectric
points that were similar to those of their counterparts in CBT43.
However, the SDS gels (Figufes 4 and 5) showed that the levels of the
53K protein were lower in bot@ Triton and CHAPS-lolubilize& membranes of
the dctA mutant, LL3. In fact, the levels of this ﬁ;;:::h in strains
CBT43, LL3, LL5 and LLS Rev roughly approximated the dctA gene dosage in
theng four st;aina (6). Therefore, thi- led to & ﬁfgxi;ingry identifi-
catién of the 53K protein as the dctA gene product;’§§P2. The sample

solubility problems that were encountered in the isoelectric focusing

studies did not allow for ‘ reliable quantitation of the levels of tha
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various isoelectric species in these four strains. However, in the -

firat experiment of Table III (pH 3 - 10) the 53K protein was again more

evident in LL5 and LL5 Rev than in CBT43 and LL3. The reduced levels of

-

| the 17K protein in LL3 m3y or may not have been significant as well.
E : ‘ This.17K protein was also present in lower amounts in most ?f the NMu-
| induced amutants, as was the 53K otejin. However, as was discussed in
éhapter 2, the levels and élut{ou,position (100 mM or NaCl peak) of
this 17K protein also differed in CBT43 in some experiments.. The same -
E observations'uere made for a 30K protein that sometimes coeluted with
= the 53K p;otein in the NaCl (dr s;ccinate) peak of CBT43 affinity-
purified proteins. This 30K protein was also present in lower amounts.
in LL3 (Figure Q) and in some‘of fh; Mu-induced mutants. The inconsis-
tén: results that were observé& for both the 17K and 30K proteins led to
.the suggestion that they nighé be degradation products of one or more of
the other affinity-purified proteins. ‘ |
The disappearance pf;the 53K protein in the initial studies with
the affinity-purified pioteiné.of the Mu-induced nu;ant, 4=31, further
strengthened the notion that this protein might be 1nJ§1ved in dicar-
boxylate iransport. Unfortunately, the apparent instaglllty of this
L mutant with respect to the presence of the 53K protein precluded further
studies with this amutant. .I: is possible that the original defect in 4~
31 occurred when tﬁ; Mu phage inserted into the dctA gene and thus
effectively deleted its gene product. 'Since. the insertign of this phage
is temperature—sensitive, a slight rigse in the incubation temperature
. .
(32°C peraissive) during growth of strain 4-31 could have reuu}ted in
the liberation of the phage DNA froam the E. coli chrouo;o-c. If the

released phage carried along with it some of the genomic DNA,. then the




gene Into which it was originafly inserted aight scill be defectiver ‘
This could explain the reappearvance of the 53K protein in mutantr 4-31,
which was still defective in succinate transport. The ioss of a few

amino acids from the mutant 53K protein would not be evident as a change

in molecular weight on SDS gels. Unfortunately, the teqhnlcal limitae-

tions of the isoelectric focusing studies did not allow for a reprodu-
cible determination of thé isoelectric poifft of :h; 53K ptotein in 4=-31
éithev. - 7

The results of this chapter and Chaptér 2 point ;o the 53K
pr;:ein as a possible gandida:e for the‘étyéﬁlnsmic‘nembtane transport
component SBP2. The evidence includes the 55& protein’s tight igterac-
tion with the aspartate-Sepharose é&iuhﬁ its abiiity to bind more suc-
cinate than the 100 mM phosphate-eluted proteius, its diminished levels_‘
i; the dctA mutamt, LL3, and ite absence‘in initial experinenzs in ‘the
Hu—induced mutant, 4-31. . The first two'critgria alap apply. to the 42K
protein, which was coeluged «ith the_SjK‘proteiﬁ from ‘affinity cdluﬁms
run with 0.01% fritoq_(orfCHAPg). Ho;gvgr, the ievélp:andnphygichl
characteristics (nolebular veiéﬁt.‘isoele;tric poiht) of the §2¢ proialn\
did not appear to be altered 1n any of the nutants in conpgtison LQ

v ——

CBTA43. Therefore, the 1nvolvemen: of this pro:ein in the succinate o
transport: process cannot be resoi;cd ;t thls boint. ;;\well the gc‘
netic defect in the dctB mutant, LLS, 1: not\evident fton the rgnulcn
of Chnpceru 2 and 3.. 1& is poscible tha: LLS-cOuld be defectlvc in onn
of the other affiaity-purified protein., say tite &iK prottln. Thlt
defect might iavolve. sn ngino.lcld‘cpange ;hn: ‘dfd not affect the bfndr
ing of the prétqin to the éffingty éoiugn\ind coqld noe b; de:-ctcdial p'

change in efther molecilar weight or isoelectric. poiat with the methods

3 . » ) -
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that were used. Alternatively, the defect in LL5 might involve a auta-

tion in agregulatoty gene involved in dicarboxylate transport. In ordet:

to confirm the idéntity of the 53K protein and elucidate the genetic de-

." -
fect 1€HLL5. transformation studies are now being carried out with LL3

and LLS and ColEl plasmids (27) that harbour the dctA and dctB' genes
tespéctively. ' So far, the studies have ylelded transformants that are
able to grow op succinate gnd transport this substrate in whole cell
ahaays as ‘well (28); The transformants are now being sgbcloned in order

to specifically isolate and identify the dctA and dctB.genes and their

correspoading gene products.
£1
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CHAPTER 1V

- —
’ . .

ANTIIDIOTYPIC ANTIBODIES AS PROBES FOR_TRANSPORT COMPONENTS I

" More thtn ten.ypars ago Niels Jerne proposed the Network Theory

to: ex_pfa!n the x:egulation’ of the mlian 1-nune system (1). Eslen—

= T - 3
' L c.tally he-proposed that - in a’ nomal 1nune :eapoue an a.ntibbdy or Igc

nol.ecpie not only vétognized its specific anttgen‘ but coald also euctt—
‘ the format Lod of other ,antibcdy -owcules, gﬁd so “ou. ‘l:hts unuboéy

netvork wou'ld pro&de an effecttvéueana 6f regu.latj.n&« andf Eine—tnning

the immune reoponne of an org,antqn. Sincg this raactto.p necuotk .

L] fan

occurred withinr a single organian,_ mti-mibodlas \rould: pnly be rahné
. against the epi.topea of the variable region or. idiotype of the I.ac

molecules'(_l?ighre . A certsin progortion of t;bese mtibodin u'tsht he ;

‘ duecced aga-iust am Miotope :hat enconpaned t.hn ;nc,igen—h;tﬂlu she " o
_ of r.l!e ord.gimrl an:ibody. ‘The ant.isgn b.{nd:“g s:u of this ‘httq: m

.of antudlotypic antibodges would r.hgn be sinh: iu t.hm—cuneuioatl

a

SR ot ':-‘sl'urpe to t.he orlginal an:tgen and as such would cnnatit.ute’ aa Lnt.w

.

L. -~ * »

4 ! ’. <. ,i " ~' ‘e l"- .
+

_ Iuse of thegnu.gen.;_‘ o o " w5 _
pEL I . . . LA ) " : .o

3

- ,_.‘-, Jerne'g wory hq: bgqn- bormout by several ae,udin over r.he

.. .
"o ?

; '— ,. mec few ygaré. Auto—an:iho&iae diret;teﬁ mlnst :m acc:ylcbnumu r ‘_

FASER “:'-,‘.{? recaptor aqd thyvpuopin (‘!Sl-l) u¢e_ptor hnvc buu found fn the "urt of B

o o

- pczh.;its suf&"ugng fﬂﬁ nyc;ﬁnwiu grt%&t m@‘ Gruet' diama rcspcc- .

Yo" f'_ mmgy (z 1,4)., u m po.;nnmd :h.r. :ua mo;-mm dum» vere s .
S noult oli aboruit j&to:ypcbmtudiogypc utmk muhcefm The -
s . utu fot eht:‘.,pccuhtion u;t th.;sbttmnzionmt l:hc ﬁqrt of some of -

Y - e
PN = _\‘\

Hhame; pg;um atqt hcptﬂudi mxbaw. ;.b-r:w to prirmwly-

." ’,

A

Yo -g. .....

ST LT ptod,\r.ld..urt*rpdqwt mihﬂt}“ Mﬂrm“‘“"wc ‘“‘Fﬂ”‘“‘ have

'\‘,3 .

-
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' _particular, the idiotypie regiom,-of the nblacule compriged of the vari-
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Ptgure “IV-l. Scbmtic repreaencation of the IgG wlecu].e. 'rhe.stni;-
ture of the bivalent IgC: wplecule s illustrated.in this Figure. 1In

‘able ‘Fegions of the heavy and light chains, ahould be. noted.

N varisble r,egion, C - constaat. region; H - heavy chain; L - figbt
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al-d been implicated in m normal decrease in immune response seen in

qod ucc.(‘j) Old saimals showed a 3reaur antiidiotypic response when

o -
preunted v{th an antigen than did young snimals, and thus thei.r primary

R ;
oL, temune response was lowered.
. ’ ";- ; : » N
o .. As vell as pccnkring niturally in.the immuhe systems of both

norwsl and dismed -n‘l.s, antudiotyplc antibodies have been pro-

'.‘ &d and u@ exyerinentally. The productfitm Jf cntudiotypic anti-
KR - é'-‘bodte_n allovs.one to obtmin'an aqti;boc?y ngainst a s;;eciffc\prote!n .
* "' Sy Qithou‘t- hrith.lly p\‘:'rtfyl.ng ‘the prote{n (4). "The prfatgin's Qu'batrate is
) e --uled 4s ac an&;gen to produce the fltlt antibody, ardd then thts anttbody
_; Vo . 1. ln}éctcd‘intp s cecond anllal to raise antxidiotypic antibodies.
.-\ ’ ~ . . Thase anubodios can then be used to s:udy tlne .biological functiom of
- S ' the protein in ;ltu and/or they can be aaed to purtfy the protein. . i

g\.l}diotypic anubodu. have been successfully raised with specfﬂcity

M ‘: , \
e T rl‘or verioug mrotrauulttet ;na’hor-one receptors 1nclud‘ln¢ the p-
. N udrencrgic, ncetilchou.ne nd insulin receptors (6 7 8) These anti-
N _“'~ -V bodlu u:t.d as etther ::ceptot agounists or auugoniuu. Aot idil tyf)i.c

) ':V i autlbodico -pccgftgc for the acetylcholine receptor nere even .atgle' to

« - .irduce myssthenia gravis experimentally in rabbitg (9). Finally, anti-

. s ' ’ - .. ' . .: - , . . . \ )
,e v Y .'tdlotyplc antidbodies are mumd as vgcdlnes to stimulate

‘ .

“: -qctln l-miey qal.mt "various infectious dllﬁlQl (6 10). The mti-

L]

S tdtotypic ant.lbody is inﬁctcd 1n plncc of the o‘uutivc sgent 1nto the .

y

: B unccpubh tfu ud the ruult 1. 1-uu1ty uir.hout thg hsnf\nl effccn
A o( ‘the diseana. . , .

S Y
«

o o CERR lu vu' of eu dtfﬁcultuu‘ﬂmo‘m:cnd thus far in the

L 4

.., 1\ .
VA M-nlﬂuuon .uq toolulo.- of ° :u dlcarboxyhcc trmport co-pommx .
: R .

. { -, - ,ol l- cou u m ’acmd‘;o -tw to raise utudlotyplc anuboa:u

- \%Cf‘--‘b,:- o
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specific for the succinate binding proteins. The transport tubstrati

'analosue. aspartate, was coupled to BSA and was ps;d as the first anti-

¢ -

gen in rabbits.( Anti-an.tibod!.g- vere then raised in a second set of
rabbits. These antibodies were used in Western blots of wild-type and
trau:port*nut;nt cytoplasaic membranes i{n an uttempt to l&enttfi the
sera w&nlch contaiged internal image or succinate-specific antudiotyplo.
antibodies. It .vas'hoped that this would lead to the identification arfl
possibly Qurification of the cytoplasmic membrane succinate transport

i * . v
proteins. ’ . ’
] \\Nr

N\
- \—_ (
EXPERIMENTAL - PROCEDURES

Bacterial Strains - All the strains used in this study were

Escherichia coli K12 and were described earlier in Chapter 3. The

strains were CBT43, LL3, LLS, LLS' Revertant and 4-31.

Preparatlon of Aajartate-BSA - Aspartate-BSA was prepared by a

nodlfication of the procedures for the linking of bradykinin to BSA and
the unking of glycine ‘methyl ester to lysozyne or riboou&eace (11,12).
prine serum albumin (BSA, 100 ng) was diuolved fn 5 al of deionized

- -

water, along with 200 =g potusiun L-aspartate cﬂ the pﬂ was adjusted

to §.75 wi:h 1 N hydrochloric acid. 1-Ethyl-3- (3—d1-ethylan1noptopy1)

carbodiimide (EDCD, 1.5 gm) was added to the BSA.solution. fhl{»l(ttd*e.

'vas incubated for 1 hour at 25%C on a rotary mixer. After ‘removal of

. , .
free aspattate by a 40 -al Sephadex G~50 (-ediu- -uh) coluq equili-

b ]

. brated ia 5 N potnt\m- pho-phate. pH 6.6, the uparur.e-lSA vas stored

in 2. S ng allquoto at -20°%c. Bfﬂciency of coupnng vas \umiud by

the foclusion of 1 uCi of L—[%]-upartnu in thc ‘reaction mixture:

l-un.iution hj&i;.i - lhu Zealand albino femile rabbits were ‘.
’ L] ) ~ R a,

[
\ . - -




injected subcutanecusly at four sites with a total of 1| - 2 mg of
asfartate—BSA mixed 1:1 (vol:vol, 1 ml total) with complete Freund’s _
adjuvant. At two successive 10 J.D intervals after the.first injection,
the rabbits were boosted sabcuuuewly and ln.tra-uscularily at four
aiteo.ylth a total of 1 - 2.5 mg aspartate~BSA in 1 ml PBS (pho;phate-
buffered saline - 1‘37 i&sodiun chloride, 2.7 mM potassium chloride, 8.1
mM dibasic sodium phosphate, 1.5 mM -onobapic potassium phosphate, pH
7.4) Seven to ;:;-2;93 after the fir‘i injection, the rsbbits u;re bled
from the peripheral ear vein. The immune sera were obtained after
incubating the blood at 25°C for several hours, then overnight at s%.
The supernatants were decanted a‘F centrifuged at 15,000 rpa (27,000 x
&) to remove any red blood cel'ls. After sterilization by millipore-

filttatlon and addition of sodium azide to prevent bacterial growth, the
sera were stored at & °C. ‘Ten days to 2 weeks after the fitst bleed, the
rabbits were agaiﬁ boosted with aspartate-BSA in PBS and were bled after
a fur;hh.’ to 10 days. 'l'his regime was continued for a total of 3 to 4
bleeds. _

A :1-11;? prdced&re was used to immunize a second set of rgbbics
with the anti-aspartate IgG isclated from the first rabbits’ sera .
(described below). In this case, 25 to 500 ug of'antl-aspartate 1g8G tn
PBS or 100 ug of IgG cduplcd to kc!hole lllpc't hemocyanin were used per
tn)&&‘:ion. These rabbits were boosted at 10 to 14 day intervals sod

were bled at 7 to 10 days after each injection. This regime was carried

on for up to 6. bleeds. ~
' -

Isohuon ot the Pirst Antibody ~ (i)nrotoln A-Sephatrose - Serua

uc vas tco‘htcd wvith a Protein A—Sopurou column (13). Protein A-:

s.phnou vas prmrcd by coapuu protein A (5 u) from $ u@zlococcuo

j16¢



aureus to 1.5 ml of cyanogen bromide-activated Sepharose 4B (14) in 3 ml
of a 0.1 M boratd buffer (p 9.0) containing 0.5 M sodium ehloride.
Coupling occufied for 2 hours at 25°C or 16 hours at 4°C. Active sites
on the Sepharose were then blocked with 0.2 M glycine, pH 8.0 at 25°c
for 2 hours. Finally, alternate high and low pH washes (U.1 M borate,
pH 9.0 and 0.1 M acetate, pH 4.0) removed any non-coval;ntly bound
protein A. Typicilly, 0.5 ml of serum was lo;::d onto a 1.5 ml colu;n
(0.5 cm ID) equilibrated in 100 ny sédiun phospﬁate, pH 8.°. This column
bas then washed with 10 ml of buffer and IgG Uts,elg;ed with ldbunu
glycine, pH 3. Fractions (0.5 ml) were collected into an equal volume

of 100 aM Tris-HCl, pH 8 to minimize denaturation of the IgG. The IgG

~ was detected by absorbance at 280 ma. The Protein A-Sepharose coluan:

was stored at 4°C ta 100 aH-phogphate, pH 8 containing 0.02X azide.
Alternatively, serun'léeras {solated batchwise usi?g 5 al of
protein A-Sepharose in a 60 ml coarse sintered glass funnél‘ou a filter
flask. Serua (5 - 6 mls was mixed with the Sephafose‘and allowed to
£11§er slowly by gra@ity- ?be Sephar&%e w?a,then washed under vacuum 8
times with 7 ml aliquotﬁ'ﬁf the phosphate buffer (fH 8). Igc.uas eluted
with eight 5 al aliquot! Qf glycine collected serially intos5 ml aii-
quots of Tris buffer. This latter method aliouéd for much quicker pro-
cesying of the serum IgG. | ‘ 4 .

- (Li)BSA-Sgﬁﬁiiode - The affinity-purified -IgG vas desalted with

several washes of 10 mM phosphate, pH 8 and then was concentrated to its

original se "volume on a PM10 Amicon ultrafiitratloﬁ sambrane. The

1gG (.Soué S ml) was then loaded oato a4 1.5 ml BSA-Sepharose 4B column
- ’ .
equilibrated with the same buffer. BSA-Sephsrose was prepsred by a. -

procedure similar to that for protein K-ﬁophatoue except that 0.1 M
~

L] [3

' . . ‘ N . -
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sodium bicarbonate, pH 8.3 containing 0.5 M sodium chloride was the
coupling buffer. Ten milligrams of BSA were coupled per millilitre of
Sepharose 4B. Rabbie anti-agpartate (RAA) IgG should not adsordb to the

BSA-Sepharose and should have been in the 10 mM phosphate column wash.

. The anti-BSA 1g8G bound to the column and could be eluted with 0.1 M
glycine, pH 3. This BSA-Sepharose step was only necessary if the
asp@rtnte-Sepharose used in the pext step had BSA instead of glycine

blocking its nonspecific sites.

(1ii)Aspartate-Sepharose - Aspartate-Sepharose (see Chapter 2) was

used to isolate the RAA IgG. * IgC from 20 ml of serum was loaded onto
twvo 20 ml aapartate-SgPharose columns (1.5 cm ID) equilibrated witﬂ‘lo
aM pliosphate, pR-B. The column was washed with 50 ml of the same buffer
' .and the bound RAA IgG was -then eluted with 100 aM phosphate, pH 8 in 1.5
‘-l fractions. After washing with PBS on a PM10 Amicon nenbrang, the
.concéntruion o.f' the RAA IgG was adjysted ™o around 1 mg/ml and gSE) ul
'Qliquots were frozen at ;ZOOC. In some e;perinents pre-immune serum 1gG-
was purifted in the same way to serve as a4 control. All of é:?”tbffers

in the abové procedures (i - iii) contained 0.02% sodium azide, with the

exception of the PBS. : i e

Conjugstion of ggﬁ‘:o Keyhole Ligpgl Hemocyanin - "1In later
experiments, purified RAA IgG and control (pre-lllunl).lgé were cova-
- louély liphcd'to Knyﬁalc limpet h-ocy;nln (XLH) with glutaraldchydc
- “prior to immunizatiocn of the second set of rabbits. The I.th;d de-

scribed by Hich;1§ and Shiigl (13) was used. After dialysis a;qinlt _
0.1 M sodium phosphate, pH. 6.8 for several houts, conftox 18C (3.4 mg)
!94 IAA IgG (5 ng) were c;nccngsgtod to 1l ml vl; a PM10 Amicon membrane.
"KLH (5:1 weight:weight ratio of KLH:1gG) was added to each preparation
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and then 100 ul of fresh, aqueous 0.5X glutaraldehyde was added slowly.
After agitation for 66 minutes at 25°C on a rotary mixer, 100 ul of 0.1
M ammonium carbonate was added to stop the reaction. The samples vere‘
dialyzed for & hours at 4°C against the carbonate buffer and then
overnight at 4°c against 50 mM potassium phosphate, pR 7.5. Each sanplé
was spun in an Eppendorf centrifuge (15,000 x g) for 5 minutes to remove
any precipitate and then was loaded onto a 30 ml Sepharose 2B column (1
cm ID) equilibrated in 50 mM phosphate, pB'7.5. ‘The same buffer was
used to elute 1 ml fractions. The first geak from each column contained
the IgG-KLH conjugatgs. A Lowry assay determined the protein-~concentra-

tion and ‘the IgG-KLH was stored in 250 ul aliquots at -20°c.

Isolation of the Second Antibody - (i)Protein A-Sepharose -

Screening of the sera from .the second set of rabbits for the antfidio-
typlc 18G was done with the Western Blot technique (described below).
In some cases, the serum IgC from these rabbits vas purified by -protein

A-Sepharose. This rabbit anti-rabbit anti-aspartate (RARAA) 1gG was

- - N z
then desalted by washing several times with TBS (Tris-buffered saline -

20 mM Tris-HCl, pH 7.8, 166 =M sodium chloride) plus 0.02% azide on a
FPM10 Amicon membrane and was stored at boc.

(TWRAA ggngepharBle -~ To achieve further purification of the RARAA

I3G, it was passed through a 1 al RAA IgG-Sepharose column. The 1gG-

ISQpharose column uauiptepnred in the same manner a&s BSA-Sepharose,

’

M bicarbonate, pH 6}8 contain-

except that -the coupling buffer was
ing 0.5 M sodium chloride. Two =i gramss of RAA IgG were coupled to 1
i
al of Sepharose 4B. The above 'co{fpling procedure would result tn a
. / -

random orieantation of the coupled {gC with rcup.c{ to the Sepharose 4B.
>

11)RAA 1gG-Protein A:ﬁggharoao = To obtain a more specific orients-

» »
T
-
“v

-
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tion of the RAA 1IgG with respect to the éepharose 4B, ;';odificatign of P
T " Tth® method of Schreider et al (16) was used. This method 1nvol;ed the
- - covalent. linkage of RAA IgG to protein A-Sepharose in order to direct
§£hé antigen binding site of the 1gG moleemle away from the Sepharose.

' RAA IZG (6 wg) was dialyzed overnighi at 4% against 6.1 M borate, pH
8.2. The Iéc (6 ml) was then mixed with 0.5 ml of uashed protein A-
Sepharose and was allowed to bind for 36 winutes at 25°C. The Sepharose
was washed with excess borate guffer and then with 10 ®l.of 0. é:H
triethanolamine, pH 8.2. It was resusPended in 10 ml of the triethnnol-

¢ . ‘amine buffet containing 20 wM dimethylsuberimidate and was reacted for
45 ainutes at 25°C. The Sepharose was filtered and reauspended_ip 20 oM
ethanolamine, pH 8.2 for 5 minutes. This was followed with 3 bo;nté4
washes. The above sequence of events was then fepeated to react an
excess of Fc fragments with the RAA 1gG-protein A Sepharose. :Thi;'would.
block any®protein A sites not occupied by the-RAA I18G. The enzyme |
papain was used to generate bivalent Fc fragments Ero-lcontroi 1gG (17).
Concentrated IgC was dialyzed at ZSPC against 0.1 M acetat;. pH 5.5 ana.
then was digested for 4 hours at 37% vité 12 papain in the acetéte.buf-

-

fer containing 1 mM EDTA and 1 mM cysteine. This mixture was then dia-
i - .
lyzed ov;rnlght at 25% sgainst 10 mM phosphate, pH 8 with azide. The
f fr;g-anta uer; g:fgfied on a protein A-Sepharose column., They were
concentrated to 10 ml and dialyzed against 0.1 M borate buffer (pH 8)

prior to coupling with the RAA IgG-protcin A-Sepharose.

. gztogll-nic Membrane Ptcggrltion. = Kaback membrane vesicles and

solubilized cytoplasamic wesbranes were prepared from the various bac-

terial etraine as outlined in Chapter 2.

Electrophoresis and Western Blot Techniques - Membrane vesicles

- - Ve ..




b -

-

uéré pelleted by cenfrifugatfon and resuapénded 1; 3% SDS‘aalplé}pufier
conta;:1ag 5% 2~-etcabtoethanol. Solubil%zed c;t§piasl4c-lnubtanel uer;
acetoae-precipitated.to'tenove ae;erggnt and;uere—Eben.resulpended tn the
SDS sample buffer. The samples were either bolled for S.ninutes or
heated at 70°¢ for 30%ainutes. . Eléctrobhoresis va; carried out as
described in Chapter Z.E.Sanéles of membrane proteins (50 -- 200 ug per
 lane) from the wild-type CBT43 and the uutants'LLB, LL5, LLS Rev and &4~
.31‘were‘lo;ded pnlo 11.52 pol;aérflanide, 0.1X Sbs, 1.5 m slab geis.
After electrophoresis, p¥ot¢1;s in the gel were transferred
electFOphoretically t; 0.45 ﬁn nitrocellulose paber usinh.a modification
“of the Western Blot method of Towbin et al (18). A samdwich of wetted I
un_papér gutroqnded:the‘po}yasﬂylanide”geljnitrqcelluloae ﬁdper b1§t ahd';
Scotch-Brite pads-?n either siée of the 3 mm pdper ensured an even
- t{ansfet of_proteins. Transfer was carried out for 90 minutes ét 40
- volts aK:'O.S an§eres iﬁ'an electrophoretic destaining.gh;nbér pothin-
ing teclrcula;ed.baen@ll ;uﬁnins buffer kzs‘hn Trizma base, 192 iu'gly-‘
' ifne,_OJll'SDS)'with 20X ?ethanol. The blét.vas aéaineﬁ for 5 -1nu£gs
1n'0.051 Aaido blaék, 50% nfthaﬂol. 10Z a;étlc Acid and vwas destained
for 4 Feq,higutep‘ip 10X ;e:hanql,ISZ acetic a;fd{ It was then ridced, '

+ - 1in 3 changes of deionlied~wafer and wvas incubated for several hdurs:ln Y]

.

to 3 changes of TBS cSntainIng 0}02k‘axlde. The L;ncs 9£ :he-blét were

P

éhen cut out in& lnéuﬁatcd_ln 7 al of 6% BSA (or'SZ skim nilk'ﬁouder,
"BLOTTO" (19)) lﬁ‘TBS ou a-rotary mixer for 2 hours at 25°C to elinlhaié
‘nonapeclftc bindihg. Each qtr&é vn..finledfopce vith 10 ml of TBS and

. then was }ncu§ltig in.5 al bf 6X. BSA-TBS contitqtng VIFIOUI'llauégl of :
' 1

RARAA or Eontrol serua or IgG for 4 hours at 25°C. The s¢rips were

frlme‘b times with 10 ml of TBS and were incubated overnight at 25°C ’

.~

‘(:




tedoed from Schletcher and Schuell Inc. (xeene. "12’ P .3}”.

. . - ‘ V ,
— ‘ v
vith 50,000 to 100,000 CPM of [ 2°I]-protein A n 5 ml of 6X BSA-TBS.
Finally, the strips were rinsed 6 :1ies_wtth‘lq ml of TBS and then were
air-dried and exposed to a Kodak X-OMAT X-ray film at -80°C for several

days.  Any protein bands that developed were wscarned for inteasity -using

N

a Beckman DU-8 spectrophotometer.

»

. oy
lodination of Protein A - Protein A (12 'ug) was fodivated in 50

-

|30 seconds using 17ul of 2.25 mg/ul chlorsmine ‘T and then S ut affxo _

ng/al sodium nttabisulphite (20). The protein A was. desalted or a 10 nl

mM potassiuam éhosph&;er pH 7.5 with 500 uCt of sodium llzsll-goéida.for n

Biosel-anG colu-n equilibra:ed with TBS contalnins“ nsfnl BSA. SX kly- )

P N I3

'cero1 . 0. ozz azide and it was stored at 4°C behind 1e53.

Chelicala < Rndioactive chenicals ware purchaae& fron che New ’
e t———pp——h—— |

Bngland Nuclear Co. (Boston HA) with the exception of :ht sddiu- ,11
12 ‘

o SI]~iodide ftoa ICN aionedtcals Inc. (Irvine, CA) S:aphylocoq:us~

aureus pro:ein A and Praction v Bovine sevum albu-in uere purchaaed fco-

’ -

:hc Stgni Chcnical Co. (St‘ Louis, HO) Nttrocellulooe paper was qb—

fw
-
et

Antitdiogxp;s as Probes for Ttan!ggxt Co!gonen:s - The ratlonalc

.

bchlnd che use of lntiiJiotypic antibodie- in the id-ntificatlon of the

" that thc anttgcn b;ndina ‘site of- an 130 -olcpulc raised agnin-: the -
“‘lopnttltc loidty of‘thn ;tualport Jub-ttatc analosun. l.partate-BSA; nny

. be otnilar_in lhnpc or spccificity to thc subotrate bindina -1te .of

,prStoin- which . biad succina:c. When this first antibody, rabbit antir

..

pattato (IAA) Igc. io 1njcc:¢d iato a cccOnd set of r&bbito, only
<. A . "

- 4

di;crboxylato t:an.port cOlponcnts in shown Ln Pigure 2. Is ousgest|~'.f'



:Fiéure Iv=2. - Specificity of antiidiotypic aneibodias Eor the dicarboxy--
S .1atc’:rnnspor; components. . The succinate analogue;. aspartace, was at- '
© : -tachéd .to bavime derum albumin (BSA) as-described in Experimental ?roce-".
. dures, . The,aspattqte—BSA was injectred into rabbit . The IgG that vas -
: vafsed against the. aspartate.moiety - ‘agpartaté-ESA was: isolated, from
‘the imnune sérdu by aapartate—Sepha:ose chro-atography a8 dqecribed - .
- - the text. This xabbit.anti-agpartate (RAA) 136 was then. injacted riato - ¢ %

N '.l rabbit #2°.- The -antiidtocypic - (rabbit anti-rabbit anti-anparbdte RARAA);
' T ige thatr was ‘raised wmay be able -to' biad to the traasport coaponen NP =
o . . ~i{rtue of the fact that itSAantlgen yinding -sice 1: ximil&r in chrocb ' f
- dinensidncl ebape~ to snccinaco. L “

P .;.". ‘ - AU S e N ' o
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‘ aspnrtate and glu:;nace reaidnea tn BSA, as Uell as to tha c;rhoxyl {.

- . Noe B . .
. ~ _‘ N d -t -7
P [ S L

antibodiea aga.inst the variab.le ugfon ot idiotype of :he. lgc -olecule

*d,

win be- foned, So-e <f :hue antitdiqtypi.c. eatibodieq uay be directed

usqinet ‘the hypervariable region or anslgen hiudlng site ‘of the -RAA IsG

. and thus would be an incetnal 1Iage of the orislnal adtlgen (i) Thte

-.. T

- set of antiidiotypic (rabbit anti-rébbit anzi-aspaftate, RARAA)-antir

~

- bodies may then have the abllity to, recogni:e an¢ blnd to the snbot?n:e

.- s ' -

binding site of the transyort components.
Aspartate-BSA -~ It was previously deuonstta:ed that uhen asper-

:ate was coupled to Dextran T-10- through 1ts abino gtoup it behaved«ea-‘

"sentially like succinate. .The Dextran-aapattate conpetittvely 1ﬂ&1b£ted ‘ .

whole cell succinate transport in CBT63 with a K ‘of around 0.5 uM (21) T

[

- - >
This substrate analogue seened to bind to the transport conponen:&.-ueh

~ Y

more tightly than guccinnte itaelf, perhaps beceuse of the hisN‘Locti S

ebncen:ratibn of aspartate surroundins the de::ran uolecule (10 nole* - ]
r‘ Tt . L
cules .of aspartate per‘nolecule‘of dextran)- In this seudy, anper;agg i

- A

was coupled to bovine serum albulin (SSA) 1nean acteupt to-taithheu

¢ S fu,
upartate-an aulogue of succimte to whtch antibod‘!es touid be rn!séd.,. el

A
L] . >

' _The coupling p;ocedure utilized & uater-nolnble caer' ide o 11nk Vo

free catquyl and aning groups zogecher (11, 12).: rﬁh snlno group af h-.«'la;":
- ’l‘.r"’ . -t
aspan:ltd would be expected to attach ;o :he gp-a-cerboxyt'ggoupo of

\ . 0"’ - .:v

’ p
terninus; Hou-ver espertete also conteino :uq cerboxyl xronp- an z."' .
these could uttnch to the ep,ilou-uiino grou{: oi lycine enﬁ irgdufhi Ln o
\ T
BSA kn‘uell. nopnrtate nolechlee e0uld bo etébo*l!nhed to-clch othet4“ R

- -

Thi- nay expleiu the wuch hlgﬁet coupling e!fictgpcy of n;pertctl~l§h

X200 to 50Q I‘plttltl -oleeulen per BSA -olecule} ln co-p-rlsbu to"

'ﬁ

trgo-uycruie.i Muthyx tubormuu uu uud tn tM ueur cm o
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- ) Iink “only tbe amino group of aqpartnte to the n;tno group of\ 3 3'-5 ‘ “ :

‘_ E | ‘ Mnobtlprupyhline slready coupled to the Dext.ran ‘l‘-10 {21) .' R

: I . " Figure 3 showa' that _the -olecular weight of BSA (67!) vas tndeed '

i - gtutly increased by the carbodiiuide ihcbrpotation of aspar.tat.e rasi—-

3 ~ ' duu A molecular weight of_ greateb thm 90 000 Dalto:m Lndieated thqt :

L, L ’ a oubltaatial ;-mmt o.f aspartnte m coupled to the BSA. The napannte— -’

BSA. aight be envislodod as a BSA uole.cule itk a three—dilemional po1y~ -

R '- upartate netvork on xts m;-face. in adﬂitlon, sonc of the BSA nb1e~ , ";*:

N o ) ‘ \c;zies “may -n-la‘o haVe been’ cross—Iinked to eecb other. This and other ‘ "

\ o u;;art'ate\ BSA vrcparc;ions uere used fox‘ the p:oduot{.on ot thé RAA IsG : '

"‘."\‘ - s B {n" :ue fl;st set of rabbits- ‘ i . ) _ “)' -,_—,-’."L

: a Isclation of RAA 13_ rigute & indicates tha v;rioua steps in .1.

. .}\ | ' ,:he puru;ica.uon of the m igC froc che ime sera of rabb'lts &njected .
:t \m ) uu:h uynrtste-‘nslx. A protein &‘-Sephamné colm (13) uqc fint uaed :o ’.
*‘-_ - “‘_\ uf:gﬁ:y-puufy :o:al t;c fto- -the :abbn :e{uﬂ qugu:e 4.\){ Abobr. 6, po : '
! ' ."’ Ei 8 n:l],li.gtus of Igp wete uola.uq! pei ailnli:re of um ‘!’hia Isc '~‘
.'-""s‘ h’- “ : prepcnuon contzimd 136 d.lmcted againo; BSA :and uny o.uhor athgans -‘
-:sk‘ becltht nparuu.‘ .' o ‘1 . C . ST -_.
"" ._ ‘, t ﬂ' A pnr:ul pur}.ﬂcation of the RAA IgG "Was attcnptact mt. . ,I_ )
- i ;~ . ' ; ) :uud of-. jut tnjdcung total um Igc in:o ‘the ;econd ut oe ubbttt.A"_'

“" Tty .' : - ed narichod fnétloix of Rh lgG m uved.. m lgercucd proporuon of o

I" 4,\ .‘:' - ..‘mttuc lxc in ‘the l.uj’oc:.ton woola hopofuuy mctmc dn pzouuucf
TS . ot ru#ng mn;;«um nmm ..q-u.c the' RAA Isc muz«e, w - *
AR prnnmipn- vas -nnw for RAA 140 by uqucnud passages ch;ol':.'l? _hss- d

\
AR gomrm (mm', bt) and :\cn l’plrt pharou ﬂgntt Ac) coln-n;

S "0 es described tn leorhdul\\h’m«lnru\ hn tomr colu-n r-bv.d t.u oo
.;\,..;r__‘ . T - 1 IO
2T N L mn-m;q; m- -upm *nt:cupry humu m uptu:rs”hmu <,
:‘p‘. ) \ - - ) “~u P . ,.\ A. ) < \ -’ . g .-~. - .: - - . ;~ '.._.‘4 ‘.“ . . .

bo.. . -;::’P . . . . “_. 1 v, .-. ,‘ -, .
?‘"; - - '.’w” s ° - .,. . ' iy
r.::&; oA N ~ - > . ) . < '
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Figuxe sza. Hblec ar ueighz bf Aspat:a&e-BSAﬂ Sloeftophotcoic of ;-
‘Flttggeeisa (50 ug)” an ‘11.5% poiytcrylaqida SDS. gel fndicated & mole-

tdo BSA . ig this prep)
A - asptttate*bsg.

- culax weight ¢f grepter than. 90K n-Ichh.

the nolar ratlo of -canft'lt

natton .was 3l611. .
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Figure JV-6. Purification of RAA IgG. A - Protein A=-Sep
cation of RAA IgG. Immune gerum (0.5 nl) was loaded oato
tein A-Sepharcse coluan. Unbound serum: proteiuns (1 ‘ml frackions) were
vashed off the column witR 100 mM phosphate buffer £pH 8.0). The bound
rabbit IZC was eluted with 0.1 M glycine (pH 3.6} and 0.5 ml fractions
were collected into an equal volume of 0.1 M Tris-HCL (pH 8.0). Optical
deusisy at 280 m (00230) was used to detect protein in the coluan
fractions. ’ T - .
B - Removal of anti-BSA Igc Al.5ml BSA—Septurofi'Eolqm was used to
‘adsorb anti-BSA .1IgG from the total serum IgG prior to RAA {gG'purifica-
tion. Serum IgG (20-30 mg) was loaded onto the colymn and 1 . frac-
tions of the 10 mM phosphite wash (pH 8.0) were collected and saved for
. further purification on aspartate-Sepharose. Anti-BSA IgG was eluted
with 0.1 M giycipe (pH 3.8), as in Figure 4A.
C = AsplrtatevSepharose ‘purification of rabbit anti-upnrtato IgG. The
10 aM phosphate Washes froh two BSA-Sepharose.columns (10 ml serum IgG)
A werg_loaded onto a 20 ml aspartate-Sepharose column. «The column was
washed with 10 mM phosphate (pH 8.0) ‘and the rabbit anti-aspartate IgG
was-eluted in 1 ml fractions with 100 mM phosphate (pH 8. -0) All of the
* buffers 1n the above procedures contained 0.022 azide. .
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- . i 4 :
used in the og}ginul experiments was blocked with BSA . instead of glycine

® - -
to prevent nonspecific adsorption—of proteins. In later experiments,

o

the BSA-Sepharose column was oamitted.
The aspartate—Sepharose columm was used to select iorZRAA I18G. - -

An average of 58 ug of RAA IgC was usually isolated froa eachknilligran

of unfractionated IgG with this technique. To check the specificity of

the interaction between the IgG and affinity column, the 10 M phosphate
column wash uas'concentra;ed and passed through a second aspartate-"

~
Sepharcse column. When this column was éluted with 100 s phosphate, no

prutein elefsed. This ?ndicaéed that the aapattateTSepharoae did

\not ap : to be nonspecifically binding a certain fraction 4f the serum |,
I8G. _Aéter»concqntration and desaltiang with'a PMIO Amivon ultrafiltra- |
tion membrane, "the RAA IgG was usedito raise antibodies in a second set

of rabbits. .

a A total of 5 ;abbics were used to ragse RAA IgG at various
t}les. Relevant information about ﬁhese rabbits is listed gd Table I.
The pre-imaune (control) serum IgG from rabbits #4 and #5 wvas chtom;
toékibhed on aspartate-Sepharose to determine the proportion, if any, of
‘186G that bound to the”colu-n nonspecifically. In both cases, IgG from

the pre-:l-una serun ‘was eluted with 100 aM phosphate froa the affinity

- »
- .

column. This "control™ IgGC was concentrated,gud washed and was reloaded

onto l:vt; other ‘sp'artnte-Sephuose colunns The columns were eluted -

'with a IQ to 100 -H phonphl;e (pn 8) gradiont- RAA 1IgG frou the immune
¢

cera of the same two rabbitl was treated in an 1dent1cal manner. The

- l

olufion prdfll.a of thnca columns are presented in ?iguye 5. All of the

-~ v

‘e

186G lom -onto :hc éolm tmimd boond until the phﬁ*p'hau gradient

ve wvas lppltcd. lorh\&h:‘ff:\::f tontrol® I1gC pesks were eluted fro- the .
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Table IV-1. RAA IgG rabbit statistics. The first set of rabbits was
{mmaunized with 1 to 2 mg of aspartate-BSA as described in Experimental
Procedurés. The amount of RAA IgGC thet was isolated from each rabbdit’s
serun is expressed in micrograms of RAA IgG per milligram of total serum
IgG. The RAA IgG isolatiom Proqadure is described in detail in the text
and’ in Figure 4. The RAA IgG from successive blgeds of some of the rab-
bits was pooled and processed, together where indicated. The control
values for rabbits #4 and #5 indicate the amount of RAA IgG isclated
from their pooled pre-immune sera.




s
4
.(control)

S
{contrdl)

.

RAA IZG Rabbit Statistics

.

Bleed # Yield of RAA IRG

Aspartate-BSA Injected

(lg)

2

W W r

N -

4

(ug/ug sarum 1gG)

- 9
45
ND
50
34

ND

processed with~,
rabbit’ #3 IgG. -

32
115

processed with

rabbit #5 IgG °

" 41

.procedsed with
rabbit #5 IgG

25

&
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_Pigure IV-5. Conparison of aspn'ta:e-—lephatoee putification of RAA 'and
control IgG. Pre-immune and immune IgG were isolated by Protein A-Se-
pharose from the sera of two of the aspartate-BSA-injected rabbits (#s ’
and #5, Table 1) as shown in Figure 4A. This 1gG was .then puriﬁed fur-
ther oa aspartdte-Sepharose columns .as in Figure 4C, Both pre-immune
and immune IgG that bound to thi®s column was rechro-atoguphed on a se-
cond sspartate-Sepharose column as dedcribed in the text. -A 18 to 100
mM phosphate buffer (pH 8.0) gradient was used to slite the bound 186.
Both pre-imaune and immune Igc \nu olutcd at, a phonglute conéuctivity
of abdut=4 . aMHO.

A < control IgG: (pre~imaune); B RAA IgG (mtme)
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~ mbbﬁg yielded only 25 ug of 13& fat

'aspartate ioie:y of othet foreign broteius.

with other Isc -olecules besidea the RAA Igc.

various ways deacribed 1n BXperinental Procadurer.

X prcparations.

tu 1on e

' . . T -

column at. the - sane phosphite;cpnducttvfty ( t & mMHO).. l'hg only -

_diffesence between the control and RAA IgC 1solated by the aspartate- .

) Sepharosa ‘tolupn was the yiqrﬂ The codh!.ned cont.rbl uu from both R

ach lill.lg‘nn of unfrmiouted
serum Igc. Almost double that anount 161 ui(-g) of RAA I8G uas lsolatcd -

fr_o{n the combined immune séra. Obvioualy, -8 certain Eracticm of the Igc

vas interacting nouspe cally vith the aeparttte—Sepharou “ptesum— _

- s r .
* et

ably through an iomic innraction. This f:l.ndl.ng is dctu&}iy not m:—

prisiag, since the- conttol serum may contgin 18G d.xrected against the Sy T

L]
54 L ¢ L3

In addiuon, ‘the’ negative—

’ ly-charg,ed carboxyl gronpa of xthe aaparute-Sepharoqe (see Chapter 2)

uke 1t ad, fon exchange as vell as -an affinity colm, which can bind °

~

Both the control and RM&

IsG 1soIated from’ ché colunn wgre used to raise antudiotypic ant{- . ' ' d

bodie8' . ' . ! ,A * . ” ) - | \ 1]

- *

Isolation of RARAA Ig6 - Rahbi: anci-rabbu ant:l-upnrtate- t_gc

3
(RARAA) vas iaolated ftoa the sera of the second* set of nbbits in the

-Hhole ‘SeTUm n-v

[

tested for the ptesence of mtiidiotypic 138G by 1ncubatiou with Huttrn

Blo:n of CBT43 cytdp}lllic mb:ane prota‘ins (to be de-cribcd in deui.l

t’( R .

belov) ‘l'hou ptcparaticmc that appeared to' contain MRM IgG Hbrc"' R

affini:yvpuriftcd on ptotu‘n ,A=Sepharose. ‘ro~-p0c1£1c¢11y earich for '

RARAA lgc the- total serum Igc vas tbcn treated tn one of cwo 'vayn. A :

RAA IgG—Snpharou coluln vas uccd to ulocq RARAA ,Igc from tho totsl “1gG
'l'his method auffcnd fro- cM fact thdt the IsG wvas

attuchcd to the cyanogqa bruidc—actlv.ud SQplurou 1n a nndo- ottcn-
.
Ihcuforc. not s}l of the antta.rbinding ur.u on thn RAA 1gC

.‘f

.
. “ N . e s . . L -,
LI v . . y J L. -
N < o v . . - - -
» » » ’ . ‘- v ., N N v
. M ’ - . N Al
- ' - * .A v . -
DCEN - ) . . .
. R . A . .
.
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-olcculcs were ae‘ceos:lble to the BARAA tgG._ Altemtively, a procein A-
Scphatose column :o vhick RAA IgG vas covaleutly Ltuked vas uaed. The >
Igc vas bound to the protein A thtough its F do-a:ln. I‘hetefote, thia\ N
. folumn had the“ IgG sn:igen binding sites briented a\my ﬁon :he colunn )

n:rix and thus, Tefc them availablc for binding to -the um IgG. m

_-‘

concentrat:lon of }RAA IgG that was used save approxhately SOI satura-

-

tion of :ha protein A oites. Ihis was - the conceﬂt:ation thqt Sdhneider RS

¥

et 11 (16) found gave maximal biuding of :ntigen to :he IgG on the

“u

column with -minl steric hiudrance. The rena:lq:l.ng aites on the ‘pro—

Ed
-»

T *eelm A linpules uere b10cked with an excena of F fvagnents gedbtated
‘ - - . oL e o
b? Pll»in d:lgestion of control Igc. o . oL :
v A total of 16 rabbits uere uaed -to raise EXRAA IgG and detaile~‘

~ about: chcir iuun:tzgtion resines are preaeuted in ‘ra'hle 1I. Only one ‘of
the 16 rabbits -that were tested for the productibn\of succinate-speciﬁc ‘ -~

antudiotypic antibodies appeated tp prodncz the desired inteml inage
T

. antlbodlu. "me fesults. froa studies vith ;-hu nm Igc: ptepatation '

'(RARM #1) will be prc‘ented in’ detail :ln Ehe ‘next uction.

-

I’d-nuuc-uon of rrmpo:: Conmnen:s with. mlgg_ - Por the \

.purpoac of 1dent1fy1ng :he cytoplssﬂ.c mbrane mccinnte n'au-patt. )

T - Lo ppotcm vith the antudiocypic lgc,- the Huca:n Blot: techu:lque de- - . R

~a -q,

F e scribed ‘in Bxpcriuntnl Proccduru \nc used. !'his uchnique allo

[

'yitldoa infotucimt on thn -pccif:lcity of- thc vat.tont RARAA Ix@ pre-

.~

o o parabiqn. dlac.tibod abovc. Huhchuo vusic.le., cyl:Oplad-ic lunb'rm md '
| ' ;outor -.htm _ptotcin pnparaum fro- vil.d-typt md nutant uratn; ’ -.
- - vere ool.ubuiud in SDS qaph' bdffcr and upaur.cd on u 5% Sps poly-

’ ‘acryhl“o pln- ‘l'ht ptotdna were thm tran-fqru& dect:ophontic—‘ .7

'al.l.,y to nlttmnulo“ p.pcr aud 1ndividun1 ltm were cut- out and i

. A o " . .



. * - A} ' . . . Y .
)
» . * . * L \ . . . ol
; : .. . . ~ .- SRR : . S . e
~ . - - .
s ' i N Y N - - ~\ . ]
e . . kg -
. A ) . - - -
AR . . . - Ca A ° M .
- 3 3
« . . N - N \ /) - -
N . - . . - -
- -
. v v
-« * * ~
. .
2 .. . . ~ .
. o L] . - - - - R .
b N - Y - - - N -
¥ L] - - -
- h - e ~
M L. e
- - r . - - ,
~ I, .| - .
] ~ . -
. 3 : . -
. - v R - . . - N
. .
- . s ’ . - . .
B . ‘
. . - - - .
ot a - . >
L] . N
=~ -
. .o . ‘e . * FO . . N .
LA ) > -
A N . -
R .
’ ~ v . - .
- - > Y
1 - -~
- ~ - . ‘: . L)._. - . .
’
- . ) r = . . '& N
v -
P . - . »
5 e -
- \ .
- . 4 b
.
S
<. - -
R 4
. - N N ;' - * -
v . - -
—. . ) N
-. v .
. - » A
. - - ¢ ~ . - -
- L > ¢ 1Y

. - - .

N :l‘able IV-‘II RARAA - IsG rabbi: statisttcs. The immunization regimes of - -
! . " the 16. rabbits tnjected with RAA IgG (or conttol IgG).sre summarized in *
« -+ ' this table “and. .are detailed. In Experiuntal Procedures. Freund?’s com~ )
- plete adjuvant was-{mcluded in the initidl 4njections of IgG, while the : )
boou:er mjeccim&volve& I8G in phosphlte-buffered saline. ° - )

- -
.
- . . -
4 - N -
~ -
[ . -
. - 19 . . .
TS - N
3 N ‘
- L4 -
v . ) . . .
- - -
< * . AR
- ‘e ', - - . - .
.. T - . a . . . M
- - -’ N - - - A -
" - - . - * “ -
- ~ -~ ~ b
» - hd -~ ) .
. ' . '
- . » - N - ka *
- -
R N . ~ . .
.5 M - * - * "y -
Y. .. ° L O ) . .a L
» - * N -V -_ 2
. - . \ : -
, L3 v - - . - ‘- - N
. . e L : .
-~ - .. - - .‘/ A s - .
. A . .« ' P - ‘. \ .
, SRR .‘§'- . . Ly . . e SN P
- ® . »
< » = - : . R - - . .';.- ’
- - - - . R - -
. - - a N, . . —
. - -, - v - . L e v . > . - .
. . LUt e AT . .
. > . -~ . .o s R - -
~—— ~ e
-~ . B . ~ - L,
’ -° * oo T e - ¢ T g - ‘e
. [, ; . L 2 . N ‘
FN - .
< e .. , . e - - P -
- ‘ ; ~ TS e .
. TS .l - » - . N . . . - - R
. - . -~ R N .\ . .. . ¢ - M v -
i - -
’ LR :'\~0 ’ - . , K \M ’ N .
ST Sl DR 2. S e
- ~ = L. ar
L& 3 . .
- & . . R . .- . TR N
. - * = - e §- . ’ :
s + -
' . K A e = . N . . H . .
> .~ . M - R .
> . » < ' ' . " e ‘

-+ .
\; > \ [y ..
AR . e .- , . de
- oy L .
. . . - » - . .
a . - . N . s
N - [ . L v o
. - o~ D ’ . . N . N
: . " . N - . P M .. . .
- *
A K . . - A A [
. ' - . AR ¥ J ‘. L4
L3 ' - - ’ - . - .-
. * . . -~ L]
s> g . - - . s a
. " - - . - . . ' &
bd . . 2 .
4 s . . . - -
. -
LN
- e N
- . . . .
R I . ) . . - — ) »
. . .
- s . - O . - —_— N
- ' . - . " .
. . P ' ) .- .
\ -
’ - - - - 5 - M -
. -
- - . . . - , . .
» o - - ’ . P . 2 - »




..
>
-

v
\‘ )
e

.
-
‘
[
i
+
4
~
€
-
.
N
.
-~
’e
.
-

Tve

* - ~
-
- -~
- . -
— .
- - -
Bt My o
- T - .

' e - -
- - - -
N . - N
D . ‘e has
- .7 :
RN .
L - - - - -
< * .
- ~ -~ - -
N .t - T -
-~ - ~ -
I ~ ~ -~
- ~ . -~
LY
N - v
T .
- -~ s - ~
. - ~

.\-..a-—"" ) N <N ’ ._

.Rabbt; #

"z - '.“_~

- «‘A" .
&
R 7 ’

13,16 '

e
i
‘ ,
i
A
)
'
.
.
:
r -
S ot [

" .'500- ug -initial)

-

RAA l:,gc Injcct‘ed‘;
e _(uc)

N

500 .ug boost

v

100 ug fnitisl and
boost RAA-KLE. '

100 ug initfal‘and

boost control-KLH .

- L]
- .
. 1)
. . L
"
By - -
" - .
>
w -
La -
.
!
)
o
'
N . -
. AT

-
~

]

| - HARAA IgG Rabbit Statistics. = . .° .’

#_of Bleeds

© A N
. B

.~
< R

-

- - -
LY

-

.

.

.

v
f
° 3
.
Py Lt
-
S
» -
¥
“ b=
- -



cqbated with variouc a-onnts ‘of RARA.A or control nm- or uc Any

ptotein bands that were recogn:l:e& by( ALhe Igc preparationt were visual-

~ ized vith [ ]‘elled pro&ein A . ) «‘/ .
. .' r . . ) .
) . The ﬂrsc experilent conpared the prouinc hbened h RARAA

~

T (fourth blaed) serum. 18G in CBT43 'a (detA) and ws. ¢_§_> eyto-
J.a:‘sic mbraue veoicl'es- The Isc ugsed in this experimt wu otxly
purified with pmtein A—Sepharou. Figure 6 1is an autotadiogtu -hoving
-the patticuld@ ptotein bands regogniud by the RARAA 1 Igc It wag
eVident that no pro:etns vere recogni:ed by the control IgG, whereu che
RARM 186 bound to .5 or 6 njot bands In all three bac:erul stratns.
* The -olennlat l!e'lghts of these bauds vere 73!( 53K, 37!., 29K, 19.2K and
" 178 (or 15. &() "To del:e.mine if any of . t‘he protein bands in the autors-
\' i d&ogtu(‘ erctad a. specif:lc bindi.ng proteiu the 1ntenaity of ¢ach band
' vaa detatﬁined spncttophoto-e:ﬂcally. 'rhe results are nhown in 'l‘able
'the LLS/LL3 ratio is & nomliz&tibn of the relative hn& Inum-‘
.sities m :be :wo lu:ant lttaim and 1: wu used becnuse hheu two-
‘ otrainn vere not uog«d.c. 'thexefore, ote -i.ght e;peet to" see diffcr—

-

encda ln the leVela of vnriou nesb‘rane protein &pec:les chatacterutic

- of eacb ctrain.. ) mn the LLSIH.?. utio wa; mniud “the -olt. nttiuu
diffcrenaa me found Eor tho 53K, 37: and ux b.ndn. The xncmtty of -
-i the 53K hnd vu abdut S.i uun grntar m Li.S than in LL3, ;hdtcu the .
. oppocite runl.b- nre gvidcnt ‘for boch the - 37! and l?l buun The in-
tmltfu of bo‘th thm bnda were cbout 3 thu gru:or in u.3 than in .
j !.LS. Both mtmc nu ulto co-pcrcd to’ thc vi.ld—'typc -tnln, CBT43. _
‘ E;ccpr £or -{:c P’ factbr,, 1.1,1 nu uoguuc vith cm'43 as wis ducuucd |

. 1n Chhptcr 3. 'rho i.ntcts!.ticd of the 53K sand 17K bends were aleo * o

grutur 1n I.LS (3 u-u) and 11.3 (2 un-i) rnpoctluly when compéred- to

. L -
— <
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¥prd B. coli genetic map.

Y

Table IV-III. Quantitation of RARAA #1 IgG biading to cytoplasmic mem
brane proteins. Individual lanes in Figure 7 were scanned for absorb-
ance at 500 ma with a Beckman DU-8 spectrophotometer. The intensity of
each protein band refers to the area under ‘'each scanned peak minus she
background area. The LLS5/LL3, LL3/CBT43 and LLS/CBT43 ratios are a nor—
malization of the relative. intensities of each band among the three bac-
terial strains. The 37K/S3K ratio is a measure of the relative inten-
sities of the 37K and 53K bands within each strain. .

N »
a

LA

13

Pijiure IV-7. cciag;x'c maps of vild-type and dicarboxylate transport mu-
tant E:.colf strains. The chrowosome and P-prime factor of strains
CpT63,.LL "and’  LL5 are depicted in this schematic diagram of the stan-

‘ B.- The symbol "X” denotes a lesion in the dctAj
(78 ainutes) and detB (16 minutes) genes in LL3 and LL5 respectively.
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Quantitatiod of RARAML IgC Binding to Cytoplasmic Membrane Proteins
Meleculat «- Band Intensi LLS mfog!" CBT4)
EE: > 25 X ] L3 nﬁ Rat ., latie
73K 2.19 0.94 1.5 1.64 0.42 0.70 .
53K 1.51 * 0.83 4.%0 5.42 0.55 2.98
k7, S 3.63 4343 1.16 0.34 0.9 0.32
29% 1.28 r2.07 1.98 0.96 1.62 1.88
19.2% 1044 1.91 2.53 1.32 1.33 1.76 '
1% 1.25 2.80 0.97 0.38 2.25 0.78
15.8 = . - 0.70 - - -
1e :
37K/53K 2.40 4.2 0.26
Ratio
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CBT43, but the levels of the 37K band were similar in both CBT43 and

u3.
An snalysis of the genotypes of the three EL coli strains used .

was relevant to the interpretation of these different RARAA IgG binding °®

patterns. The genotypes are schelatiéilly 1Ilus;ratéd in Figure 7. -The

wvild-type ctrain,\CBTA3, possessed one copy of each of the dctA and detB

genes. "The dctA wutant,“LL3, contained an episome covering the region

of the chromosome aroung the gal gene (17 minutes) and therefore this
» N . ‘ }

mutant harboured two copies of the ditB gene. An episome covering the

region around the argG gene (68 minutes) was present in the dctB mutant,

-

LLSI and so it had two cépiea of the dotA gene (22).. KhaIysis of the

L4

solubilized membrane proteins of strains LL3 and LLS by aspartate-
Sepharose chromatography. originally suggested that they‘ﬁere defective

in the SBP2 and SB?i_transport coaponedts respectively (23). Strain LLS

possessed two copies'of the dctA gene. Therefore, if both copies of

this gene u?rq expressed ;nd'1} its gene products (SBF2) uete‘inietked
into the cytoplasaic -cl;}ahe; one would expect that LLS should have an
1né¥easeq amount of SBP2 riigtive.to that present in strains CBT43 and
LL3. This alteration in ‘the relative smounts of SBPf ind.§BP2 p;enent- i
in zhia mutant aight \{n.tu‘tn' be revealed by She amount éf RARAA IgG
bound to various bands in Western Bl&to of its membrane proteins. Since

the intensity of the 53K band was ®much greater in ELS5 than in either LL3

dr CBTA3 (Table III), this suggested that the 53K band might be SBP2.

v .
This result is alsoc in agreement with the \gbservation in Chapter 3 that

3
the 53K protein was present ip smaller quantities “in ‘the dctA mutant,
. : . L2

LL3.

Strain LL3 pos:csnc& twvo copies of the dctB gene and by a similar

-

.
-
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argﬁ,ent,vit might. be expected to have wore SBPl labelled by RARAA'IsG.
Since thc'intensity of tﬁ% 37K band-was sbout 3 times greater in LL3

- than Li.S, this suggested :lfht the 37K band might be SBPl. Hc;vever, the

. intensity of the 37K bnd.in' CB';.'A3 .w.s not any different than that: of

: u‘?" even though CBT43 possessed only one copy of the&c‘t_n gene.- This
“might, be gue to the inpbilitysof the extra gene pro@pct to insert into-
the cytoplésnic membrane. Finally, the ratio of the 37K/53K inién;itles
vas highest (¢.12) in LL3.and lowest (0.26) in LLS. It should be noted
-tha: the 1nérea;ed iniensity of the 17K-band in LL3 in coaparison to
LL5 also'nad; 1gfa ca;dida;é'for thq.SBPi ﬁranagort component. How—
ever, .the leveli_qf this protein were Gq;y si;ilar in both CBT43 and
LLS, evem tho&gﬁ the latter strain is defective in the dctB gene coding
£or'the SBP1 éeﬁe prdduct. In additionm, li l;; also be remembered from
the tgsﬁl;s of Chapters 5 and 3 that a coaparison of the levels and

afflnity colu-n eIution positiona of this 17K protein among the bac-

ter}al strains varied in different experinen;s.

. RARAA . IgG Specif.lg::ltl - To ansver the question of the npecifi-

-

city of che RARAA 4% Ig(‘!l iuteractiqn with the various protek\ bands,

succinate vas used to attempt to 1nh1bit :hc 186 binding in the Western

1)

Blot assay. Succiute (10 ‘M) was 1nc1uded in ¢he buffer during lngu—

s «

batibn of. thc blou with RARAA Igc. A% a control, 10 mM glutmto and_.
20 aM. sodiua chloride vere a].ao used. Glutamate {s siuhr in structure

to ouccimu but lhould not have fnterfered with the binding if a succi-

<

nate bind:l.ng ptctcin were ianvolved, since it is not a substrate of the
dicarboxylate :rmport ny-gu. Sodium chloride was used as an foafic

strength controi, since the addition of succinate would raise-the tonic

strength of the blpt buffer and t‘hio in itself ugin: have fnterfered

. -

-«

il
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with the bindlng of the iARAA IgG. The results of three separate succi-
ﬁh;; inhibition experiments yiclded confllctiné’recults. The results
renged from a decrease in binding of RARAA #1 Igé to the Western Blot
proteins in the p;enence of succi@gte, glutamate op aodiu;~ch1051de, §o
no inhibition at all tnd finally to an incroase;in binding in fl{rsasea;
Siaﬁe ueI:::; an inhigiéion nor enhancesment of RARAA IgG binding occurred

reproducibly and exclusively with” succinate, thia sethod made it im—

“possible to decide whether aucciuace had any effect on the bindiug of

én:ibody to the proteins in the Western Blot assay.

An alternative method that was used to demomstrate the specifi-
city of the RARAA #1 IgG binding was the fractionmation of this IgG om ,
gokqt::'dbntaining covalently-bound RAA IgG (the first antibody) Up to
this point,‘totai'seiul IgG purified bx,ptotefn A-Sepharose was used in
all of the Western Blots. The RARAA IgG was further fractionhted as de-

scribed previously on either a8 RAA IgG-Sepharose or RAA I§G-protein A~

Sephatrose colu-n to see 1f the Western Blot.protein patterns were

Y .

sltered. When the former column was used, most of the 18G did not bind

. ,/

to-the column and only a small peak of presumably specific RARAA IgG vas
» . - N

eluted. However, vhen the same amournt of pre-immune serum IgG vas load-
ed ionto the columu, a po;k of similar magnitude wvas h;und. In addition,
vhen 'the RARAA 1gGC that was dound to ;ﬁe column was used in Westera Blot
assays, either no protein Scndn were 11;u-1nat§§ or the pattern was so
co-picx_that it vas not intcfprotabli. In any'cdio, the reéuitc wete

oot r.produeibln. Appaeon:ly, the‘RAA IQGPSCphlEOCQ'EOIHIR.UIO not very

lpccific vich rtcpoct to tba 1gG bound. Thil could be due to the fact

l that the RAA IgGC uul :andonly attached to the 8¢phprono 4B.

‘-

Ihdud, Figure 8 shows that the RAA IMmtnin A-Saphai'ou vas

. 107
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Pigure IV-8. RAA IgG-Protein-A Sepharose purificttion of RARAA 18G. ..

A RAA IgG-protein A-Sepharose column was constructed as described in
Experimental Procédures. Serum IgG (1 ml) from RARAA rabbit #1 was
loaded -onto a 200 ul RAA IgG-protein A-Sepharose_column (12 wg RAA IgG/
ul Sephiatose) equilibrated and washed with 100 uM phospifate (pH 8.0). ¢
Bountd RARAA IgG was eluted with 0.1 M glycine (pH 3.0) and was collected
in an equal volume of 0.1 M Tris-HCl (gH 8.0). - The isolation vf IgG
from 1 .ml of gerum gave a peak with a 280 m absorbance of 0.34. Subse-

" _quent isolatione of IgG from the 100 aM phocphato column wash of the

first peak gave penkc of 0.17 °D280 .
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R
pH3 glycme |

-
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much wore efficient im binding RARAA IgG. Total serum IgG (1 ml) (ggl"

RARAA #1 was loaded onto a 500 ul column equilibrated with 100 aM phos-

phate buffer (pH 8), as described in Experimental Procedures. Bound IgG

-——— N

was eluted from the column with glycine buffer (pH 3). ‘The absorbance’
at 280 om (0D280) of the eluted peak waé 0.24 as compared to only 0.04
for the RAA IgG-Sepharose column, -even though 3 times as luch‘serun'lsp

was loaded onto the latter-column. When the RAA IsGﬁprofein A-Sepharose

“

.column ‘wash was reloaded onto a second column, a peak of 0.17 00280 was

eluted: A peak of this same magnitude was still eluted even after se-
i LN * [

veral.consecutive passages :hrough the column. This éugselteé that
some IgG may have bound to nonspecific sites on the colun# and that the
specific RARAA IgG might be represented by the difference in °b280
(0L07) between the first -eluted .peak (0.24) and subsequent passes (0.17)
?hrduk the column. A
| The results.of the Western Blot" assay with the IgG eluted‘f;o-
the RAA Igc-protein A-Sepharose colu-n are shown in Figure 9. i: ua§
' evident that the same protein bands wete recognized by the IgG that
.bourtd to or was unshed_:hrough the columm. This was true for all three
pacterial stfain;. hovcver .th¢'55K°l;GC1f1c IgG nhdﬁcd 8 significani
' enrichnen: ;n the column when the LL5 membranes were probed. This anti~
53K 1gG enrich-cnt fa LLS correlatcd werl with the higher levels of this
protuln that vere oburvdd in thh otrain ‘relative to CBT43 and LL3 1in -
.:the 1n1t111 expctipentc vith the'RARAA #1 1gG. The smount of noncpo- "
- cific IgG bOunJ to the, RAA 13G~protein A-Sepharose colu-n unfortunatcly

<td

ob-curcd :h. oxpectc& cnrich-cnt of anti1-53K IgG in 05163 or LL3. Two

'?occibilltleu qay explain this high backgiound. One possibility is °

that 412 of the IgC species that were detected lu.Hcstcrn Blots using




. R -
’ .~

Figure IV-9. Western blot of RARAA F1 IgG afy(mough ‘the RAA- -
Igc~Protein A-Sepbarose coluan. CytophMc menbrane é pro:ein& -
. (200 ug) from ‘strains CBT43, LL3 and LL5 were separated on an SDS gel T
~ . and wvere elec:rophouticany transferred to nitrocellulose paper as in .
‘Pisurc 6. Each lane \ul incubated wich 20 ug of the following RARAA #1 -Ig86° -

.prcpu‘atiom-
- Langé 1 = Ig6 washed through the RAA Igc-Pmtaiu A-Sephnron column (Fi-

- gure 8), 2.~ IsG‘ eluted from the colm, 3 - total IRG before pauage
- , throuxh the cé'lu-n. , : : »

T —— ek -
1
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the total urtm IgG may have M specific -for :hi RAA 1gC and thus were

able to bind to~§h¢, eolm A -ot\ukely alternative is that the
A

column may pvc Wluch of. the IgG nonnpecifically through protein A

situ that were mé .uccéufully blocked with F fragments- '

'.l‘cdmiccl Difficultico with Antiidiot;gpic Antibody Production -

Hhen the serum Igc from rabbits #2 :hrOugh s (Table I1) was em:lned ‘

i;\ the same asnner as :hat juat describe: for RARAA !1 the preaence of
- aqcci""te-cpocific, 1ntem1 image antibodies was not evident. Some of
the problena that were encounteted with mtiidio:ypic antibody prod&c-
tion in these 15 rabbits will be outuned belaw. / .
Cy:ophslic -e-b;'aue ves:lclea vare routinéy used in the Western

‘Blou obRARAA 186 Ero- rabbit 1. It -sy be reaenbered tlnt the con-‘

teol or pre-i-une IgG from ,this rabdbit did no,t bind to any mbrane ve—

‘sicle proteina in ‘any of ~th¢ bactestal strains. Bowever,. most of the

-
.

.control sera fr'o-' the asher 15 rabbirs Mt up bends in the wesnem-Bliot'
uuyo.' when fractionatcd outer and cytophsnc mbrane proteins aere
‘used instead of ulbram vuicln, 1: was found :lut the control IgG

_ from these rabbitl ucognized proteins 1n both -branes of. mlﬂ. Soﬁe o

‘ of t:h; bsnds were co-on to bath- mbranes, while athers vere uniqx;e to |
_ either :hc outer or cytopludc m-bune. m: regognitton of E. coli

~ proteins by the pte-immune -Jra ughc 8e. explained by the i.cc tbat chis '
=‘b.euriun 1- L noml roniddut of the lprge 1n:est1nc of al__l.mls F

. (2’&). P.riodlc iafections 1n an miul uould load to tbe devcloyun:-ot

: murodiu uumc vatiou- E. coli conotir.ucm:p.. ?orin and TuII* (25

. 26) are two. of the njo: ontnr -buno protuu tn Bo ___ﬁ, so lt was

ROt curprhing that my of the eontzol nra 1n Iact md fgc dfucnd L

e - -

_minn th-u m ptou:lu. '
s ‘ r& h
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%" limited success whén contgpl sera

. \! - * . ’

. . .

. . ‘
N ‘20
. N . i .
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‘l‘ﬁ ‘circumvent the ptobln of existing anuboﬁies to E. coli

~

protelus in the \'abhitl' ‘seta, outer membraane praoteins vere covahntly

cqnpled to Sepharose AB. The idea was to ptnd:orb the serum igG onto

: the outer- nubrane-Sephatose prior to Western Blot mlysu in an

l

.atte-pt to reduce the co-plex:lty of the protein patterns 1n the blots.
It vas hoped that since “most of :he background IgG.in the control and

inmune sera was ‘directed asainst outer membrane constituents, the IgG -
that remained in the immme sera after passage through the column might .

be specific RARAA IgG. However, the use’of this columm met with only

~ - T <.

feeré tested. The column vaa fairly

-

N

. efficient ¢n 're-ov'mg theé r.:[-'l?uII* 186 fron the sers, but it was 1“.

1¢ .
efficient with the anti—porin Igc and xt. d:l.d not temove any of the 0ther

-

uehbrane-speciﬁe Igc specieg. . L BEEIRE

_*"‘ - In any tgoe vhen the inune qetu of rabbits 12 ro !1 ue\'e .ub-

' sequem:ly emined in. Weatern Blot audyw, i: wag fqund tha' the pro—
teius that were r‘ecognized by thg ujority of ‘the cem vete not -uch
‘ ‘diffarent frou thoae :lnit.kally mcognized by thiir-co‘rteopondiug cou-. ‘~
trol " sera. Wh:lle each ubbil:': oetp‘n IgG recogniud a differcn-t u: of

mubrane prdtclns. the prot.eino deucted by the Igc of a partj.cuhr ‘° .

]

9

: ubb:bt remained rehti\nly nnchahgpd chouahout 1ts successive bhed-. i
In addition. the p:otcip phtternc Mld—:ypc aad :nn.pqr:--ut;nt‘ ' ;. - ‘
cytopiunic n-brm bldn uore not nignlfiuntly diffount whcn px‘pbod : “ ; .

| vith the same- .Igc yrmration. m ujot Qmuta thit wnh Illmuud T
by some of the cont.rol um and uny of m 1-uno un lud n -olcchhr

-weight of 73X Dclted- m 37! md 531 prou!.nb vbick \nro uuuetnly

'sdcnuuod in ghe .ucciincc trmpoft -utaan \'1 Rim ﬁ nc de SBP1 - - - -

and SBP2 were cir.hct falnt or miuly abunt J.n blot. ptobod vith I;Q



from rabbtts #2 te #16. The 73K profein might be the large subutié of

2" -

the cytuplnsnic -e-btane enzyle succinate debydrosenase. This enzy-é is

~

a~part1cular11y good antigen and is in fact a najor ‘membrane proteian in

E. coli grovn’-érobically on succinate (27).
. . » -

The problems that are encounteted in raising antiidiotypic amti-

- .
-

tion of an antfbody into an animal would initihlly eligcit the fornation

of antt—antibodies directed agatast- the’ foreign IgG. However, 1if the

~ -

bodjies are often due to the'phenonenon of immunosuppression. The injec—

20

level of tﬂp.igjectea IgC is too high,'iununosuppression might occur ian--

.stead. The foreign Igc‘ through 1ts F conﬁbnens bould shut daun

further synthesia of an:ibodies directed against ic. 'In-ting, auto—

ﬂ'heory of the immune systen. Both of tliese processes occur* nornaflly as

a means of regulating antibody production and the 1qpupe responsé (1 5

-

28). xabbits #S to !7 wete 1njéc:ed’wtth Iow amounts (25 ‘to 75 ug) of'

1]

antiidiotypic antibpdies would also be Eoraed according to the Network '

=

RAA IgG 1n brder to.see 1f’ :heir 1-nune response'vaa be:ter or-different

»

. tﬂld that of rabbits #$8 o flo; injected with higher andhnts (270 ug) of

Igc (-ee Table 1r). It was observed,,houever, that ther® was not much ®
- * ) ' BN .
- diffgtcnce in rhe l-nd;e respoanse of the two sets of rabbits. As dis-

tustcd-p:eﬁdous@y. the control Eera'bf rabbits #5 to #1¢ already com-—

r

:nidedrlgc directed-again-t.ﬁ. coli membrane proteins, and the pattern

of proteins rccognizcd by theix corrqsponding 1unune»sera was not uub—

) - -

-.tnntlnllg diffcrcnt. Further fractionation bf the innune serum Igc on

. & RAA lsG—protein<A-SQPharose colu-n also d1d not result in cho»enrich-

ﬁnt of any of :ho 18G qncic-.

i+

x ! -
: 3: Iu an altcrnatc apptocch, ‘RAA I;G vas covarcutly coupled vith

'glutdraldehyde to Kayhole 1ﬂ-pet ha-ocyanin (KLH) as doscribcd in Ex—

¥ . ?

- . .
A ) - -
! -~ ‘ . . * 4
.

-
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perimental Procedures and rabbits #1)1, #12, #14 and #15 (Table II) were

"immunized with the RAA IgG-KLH complex. It was hoped that the cross-

) .
linking of the 1IgG molecules to the large (8 x 106 Daltons) KLH molecule

would stérically inhibit the immunosuppressive properties of the 1gG’s
¢ . -

&

Fc domain. In .addition, KLH is a good antigen and should stimulate the
imaune gystem (20). Control IgG that :is retained on the a:partate:
Sepharose column (Figure'5) was also lioked to KLH and was injected into
rabbits #13 and #16. However, the antibody response of the rabbits
fnjected with the control IgG-KLH was no different than that of the RAA
IgG—KLH-injected rabbits. In addition, the 1;lune sera of rabbits #l1
to f1§ again'recbgnized the same set of neébfane proteins as did their

respective contrq’ sera.

DISCUSSION * . ©
Antiidiotypic antibodies were originally used experimentally to -

study;several different hormone and neurotransmitter membrane  receptors
(3,6,}78,9).- Thesé receptors had alread*,been idenfified'Py various
means as discrete proteins of a cerfain‘noleculht weight. The anti-
bodies were uaed in the }tudy of their biological functions and as an

aid in their purification. The results.of Chapters 2 and 3 tentatively -
) ¢
identified a 53K protein as one of the succinate transport components of

the~E. coli cytoplalsic membrane. This chapter explored the -possibtlity

of raising antiidiotypic lntibodieo specific for the ouccibate bindiang

'd

proteins and ‘the use of these an:ibodiea in the identification of the .

-

transport proteins.

- -

The advantages of using antiidiotypic antibodies in protein

purification are twvo-fold. First, éhe.p;otiin~nccd pot'h. purified
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- : h - ..
~ before specific antibod;el are.raiped ég;iQ;E’;i i29,30). These anti-
bodies could potentially bind much tighter to the protein tﬁ;n its
actual substrate does, due to ‘the ggﬂrlex nature of the.aqtigen-ancibody
‘interaction (31). “The tight, specific bindink-of the antibodies would
tﬁen aid in the identification ;nd purificacion of the proteins. This
would be‘espocially important in the purification of receptors that are
only ptesent in small anb;nts in the cell membrane. This is the case
for the majority of receptor proteins (32), and it mday be true for the
‘succidate transport proteins of E. coli as uell
Several difficulties are encountered in the production of ?ntf-
o 1diotyp1c antibodies. The first and foremost of these is that Ehe right
tggaiof antildiotypes must be produced by the test aninals.' Only anti-
Léigiypes that ate specific for the antigen binding site of the first ‘
« antibody and therefore are the internal image of the first antigen will
se useful. The ability of an animal to préduce internal iaége anti-

-~

‘bodies depends upon its ability to recognize the specific antigen bind-

ing :1t; idiotope of the injected I3G molecule. Not all animals will

have the ability to respond to this idiotope within their immune reper-
¥ .

toire and these animals will not make internal image antiidiotypes (1).

Investigators have also observed that the antiidiatypic response of an

animal is tranulent and the time courle of the recponse is different in

“ . each animal (30). The infitial cynthe.is of antiidiotypic antibodies is
followed by a secondsry synthesis of anti—anti‘diotypic antibodies, and
.s0 on. It is poclibla for cxclicnl vaves of cntiiéiotypic a;tihodie- to

be produced in the same animsl: However, the fidelity of recognition

‘ for the original IgG molecule and thus for the protein of interest
‘

decreases vith sach successive }ound‘of antiidiotype prbduction (33).

4




So it is important to monitor over time the antiidiotypic production of

the animals.

g 4

In order to coapensate for the above difficulties, a large nus- )

ber of rabbits, 16 in total (Table 1I), were used to raise succianate-

specific antiidiotypic antibodies in this study. As well, successive

Y (4

bléedings were catried.o;t with the animals, particularily with rabbits

#5 through #10. The problem of possible 1t-unosuppressibn was dealt

with by injecting different amounts of RAA IgC into rabhits #5 to 010

. and by using an IgG-KLH complex as the antigen in rabbits #11 to #l6.

The results of the Western Blot studies indicated that only one of the:
16 rabbits (RARAA #1) may have péoduced the desired internal image
antiidiotypes. Many of the pre-ilnune sera of the other 15 rabbits (#2

to #16) contained E. coli-specific ‘antibodies that bound to the‘:tein

blots and in some cases their pattern of binding was identical to that

of the corresponding immuope sera. In addition, the IgG preparations.

from these rabbits did not deteét any significant differences in bindiné

»
<

to blots of wild-type and trangport-mutant membrane proteins.

However, the control serua q‘ rabbit #1 did not contain any E.

.

coli~directed antibodies and its immune serum lit up 6 distinct bands -

. ‘N
(73K, 53K, 37K, 29K, 19.2K and 17K) in Western Blots of CBT43 membrane’

vesicles. When LL3 and LL5 ?enbrcue proteins were subsequently probed
Qith this I1gG preparation, differences in the levein of 3 of tﬁese pro-
tein; (53K, 37K and 17K) were nvlden; between strains CBT43, LL3 and LLS
(Figurev6); Passage of'RARAA f1 1gG ghfopgh a column containing the
first aat{body iRAA Iscfprotcin A-Shpharocpi a;no r;sultcd in the eo—-
rich-e;t of the anti-53K IgC species vhen 'LL5 mesmbranes were examined.

A ﬁigh background of IgG binging to this column made 1t difficult to de-

= S - o .
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termine if any of the othef IgG species were also enrich;d. .Onfortu-
nate;y, reproducible te.ulga vere not obtained for succinate-sapecific
inhibition of RARAA #1 IgC binding to the membrane proteins. One might '
expect that succinate would inhibit any succinate—specific bindiag of
the RARAA IgG to the membrane proteins. Alternatively, the binding of
succtinate to its speéific binding proteins might induce a conformatiomnal
change im these proteins that would facilitate the binding of RARAA IgG
to them. The K, for binding of an antigen—antibody complex 1; typical~

d
ly around 10-8 to,lO-9 M (32), wheras the Kd for binding of succinate to

the dicarbox¥ylate binding proteins is about 10-5 M (22). Thus, one
would expect that the IgG would easily displace the succinate ia\fhe

Western Blot assays.

Of the 6 membrane proteins that were recognized by the RARAA #1

- 1gG, one was a 3ood candidate for a succinate binding protein. This was
the 53K° protein, vhich wvas recognized strongly by the RARAA I8G of
fabbit #1 and was present in lover amounts in gOme of the blots with
°th¢'\‘n££if1°tYP° preparations. Cytopla-lic membranes of LL3 "ehé” d‘fl"—p-—‘d

* mutant, contalned very little of thia protein relative to—CBTA3 and ‘LS, .
the dctB mutant. As such, the 53K protein was tentatively identified as ~
the dctA gene product, SBP2. This protein also had the same siolecular
uc;ght as one of the cytoplasmic memdrane proteins eluted E} succinate
or sodium.chloride from aspartate—-Sepharose columms (Chapters .2 and 3)
of both wild-type and iucant ;trninn- The 53K protc;n. slong with a 42K
protein, was allahchovn by two diffcrcn; bfn?igg’alcayl in Chapter 2 to
biad wore succioate than %pl\protcino eluted by 100 mM ph9obhatc from

“the affinity column. The most intcte-tini observation is that the
- - L] . . -

results of both the 3ARAA~is£ immunoblotting and, aspartate-Sepharose

¢
2

-

L4 -
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-reproducible in the affinity chromatography studies.

" ‘should be .noted that this same carbodiimide vas used to prepare the

affinity cbromatography of cytoplasmic membrane proteins 1nﬂi;ated that
the levels of this 53K protein lpéroxilated whe dctA gene dosage in
stralas CBTA43, LLS énd LLS. 1In other words, the 53K profein was pre-
sent in larger quantities in the strain giLS) that harboured two copies

of the dctA gene and was present in reduced quantities in the strain

"(LL3) defective in th®s gene. The {dentification of the 37K and 17K

proteins as succinate binding proteins was not as coanvincing. The stu-
dies in this chapter indicated that tﬁe 37K ptotein .was preaigt in re-
duced quantities in LL5 as coapared to CBT43 and LL3. However, the con-

comitant iacrease fn levels of this'protein in LL3 due to its higher

" dctB gene dosage relative to. CBT43 was not observed. The molecular

weight of this 37K protein was also slightly higher than that of a pro-
tein (35K) eluted by 100 mM phosphate from the affinity column, while

the levels and elution position of the llK protein were not shown to be

In light of the difficulties encountered in r::LIng succlg;te-
specific aqtitdiotipes in 15'35 the rabbigs; one of the queétiono that
aight be considered is wh:ther or not acpariate-iéA wag the best choicf
for an ans}genic substrate analogue. It ﬁQo shown tﬂ;f vhen the aspar— .
tate was coupled to the BSA with a water—soluble carbodiimide, a cross-
linked network of aspartate residues vas for-cd.- The;cforé, the speci-
ficiéy of the RAA IgG that was inolatealnny not have been for a single
aspartate residue, but instead fdr a polyaspartate oligopeptide. It
aspartate—Sepharose ss well, and this might cxplcln‘tﬁo large smount of

RAA IgG that bound to the column. An slternstive method for crcatlnglnﬁ :

antigenic soccinate snalogus might bde th& use of glutaraldehyds to link
; ) )

™

] V ' ’ \ ) s ‘ >
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the amino sfbup of aspartate to the epsiloﬁ-alino groups of 1y31qg re-

sidues {n ; cdrrier protein such as BSA ot;he-oglobin. This method was
used o&cce..fully to raise antibodies asaiﬁit the small neurotrans-
aitter gamms-aminobutyric acid (34). The gpecificityvof a;tiged~§1ndiﬂg
usually encompasses the three-dimensional sequence or structure’of
.leveral amino acids iﬂ‘; protein antigen (35). However, some antibodies .
are specific for only one group of a heterocoligomeric antigen. .Iﬁ‘faCt,-;.
antiidiotypic antibodies to the hulfn erythrocyte glucose transporter

have been raised uaidé.;lucOQanine-Sepharose 4B as the first antigen

{36). Therefa;e,.it is dtfficuli to say wvhether an aspartate polymer
linked to BSA would be a a better sucéinate analogue than aspartate

- . linked via glutaraldehyde to BSA or vice verga.

Another, fact that must be considered is that some proteins are

-
-

extensively denatured when run on'SDS.gels and the extent of renatura- °
tion in the Western Blot assay depends upon the particular protein and
the expeFT;ensal condieions (36). A certain proportion of the Quccinaté
binding proteins may have been present in a denatured form in the Héu? ‘

: tern Blots and :pin may have interfered with the'binding of the anti- -
idiotypic antibodies in some of the e§per1;entl. In any caQQ, the ob—
servation that only one out 16 .rabbits %n this'study appeared to pioduce
succinate-specific, 1ntctnai image antibodies is not tbo'different from
results obtaincd.by other 1n§eutigntor;: In p;rticular, Homcy et al
found that only one out of 11 rabbits tested was positive for the pro—

duction of nntiidiotypig—nntibod;;i apecifié for the p-adrenergic recep-

tor (6). : . .

-
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' This 1- eapccially useful in the case of nou—cnzynatic aeabrane pro-

CHAPTER V

A PHOTOAFFINITY LABEL FOR THE DICARBOXYLATE tIANSPORT'SYSTEH
' The technique of photoaffinity labelling has been used to
specifically label and idemtify a wide nunbe; of membrane enzymes and

iec‘ptojt in various biological systems. The basic theory behind this

techniq involves the synthesis of a radiocactively-labelled, pho:o;

reactive derivative from the substrate or auﬁstrate anaIBéZe of ;he
protein of interest. " The photolabel 48 incubated with the membrane or
protein ai-ple and then lisht of the: appropriate wavelength and 1ntem—
sity causes the covalent attachnen::of the affipity label to specific
sktes in the pa-ple.. Separation of the sample pro:einp‘on an SDS poly-
acrylamide gel ané sqpiequent autoradipgraphi of the gel allowﬁtthe
;dentifipaiion of thé polypeptide chnipa whicp are labelledfby’the fﬁ-‘

-

dioact;ve, pho:oreacctive compound. The photoaffinity label can then

-

also be used to follow the purification of. the apeélfic protein (1).

teina, such as trtn.port ptoteins vhich are usually pre.ent in low

amounts -in the cell .nd are thus often difficult to detect and purify.
chetal criteria -u.t-be set in order to ensure that a photo— .

roactlvd co-poun¢ 1. ablc to specifically label the protein of 1ntere|t. .

One lu-t be able to dcnon.:rnt- thac the affinity label either binds to

the ssae site on the protein as dops the substrate or that it is :ble tpl

specifically tahibit the pé}-£61o§1c.1 funét{oh of the protein. During

photolysis, if tho concentration of the photolabel is in great excess of

the nnlbcr of -pccific sites dn the sample, nonspecific labolling of

other proteins can also occur. Th‘ ideal photolabcl should have a K

d
‘818




-1in the -t-brane. However, under the appropriate conditlonl, a photo~

,label vith a lover affinity £or the spec’iﬁq si..tes can xlgo be utcd suc— .-

'anouhfs of the spécific protein. Iodinated labels have proven Qery'

cb-pound vhich contaias an’ inttinslc photoreactive group (8).' In

“This non-covalent labelling uii possible only because the label had such . | °

for binding to the p:otéin that fa cloce to thq;nu-he: oi'proteld sites . °

&

L4l
- e

i’

cescfully (1). - Finally, q radioactive photolabeliqg very high.npeqiflc

activity is-desirable in order to be qﬁle to detect even very small

uéeful in®this instance, ‘due to their ease of preparation, hiéh cairter-A

-free speeific activity and ease of detection.by autoraaiograhhy (1).

" Some examples of biological systeqs-that have been probed by
s}ncheuc photoaffinity labels are the rat neural ‘potass lu channel (2),
the rabbit IgG noletule (3), the beef heart cytochro-e < oxidaée (4),

the ovine lu:ropin receptor (5), the duck erythrocytt B-adrenergic

‘

recepcor (6) and the human erythrocyte D—glucoae transporter (7). The

-.. N
gLucose transportet ‘'has also been photolabelled by cytocﬁalasin B, a

addition, the B-adrenergic,receptot in.turkey erthrocytea ha- beeu;

' auccessfully labelng with.an affinicy probe ‘that ls not photo;eastive.

a high affinicy £for qhe receptora(K of 10 H) (9).
| An atyl azide derivative of she relevtnt substrate was used as .

-

the photolabel in all of .the above exa-pleo, with the exceptlon of
cyﬁﬁchnlaltn B. Aryl azidcs are the reagents of choice in .biological
photoaffinlty labelling b‘cause :hey can be .ccivntld at unvclcngﬁhl
above 300 s, which grestly reduces the risk of phdto-oxida:lou énd ',—
nas:cgation of g;otcino (12.~ T!pit.phcnyl group 0109 cllov- for the

addition of an [lzslljgco-'as a ratfoactive tag. Duriag photolysis, the

azido group forms a highly-reactive nitrene irou@ which :han~co§a1¢nt1y'
. X . :

s



, inserts tato ca‘.n&'mf bonds of nearby malécules . * 'rhereiore, in

" and 4-31. e

~
..

biological systems reactions can occur wi:h solvent ﬁolecules anJ~nonr

¥ ' R

chC1f1c amino acid re-iduas, as well as with specific prote;ns. _Thie

ptoﬁability of reaction with a par:lchlar protein increases if a’'speci-

t

*  fic comstituent on the agyl nitrene has an affinity for that proiein-f

Therefore, an aryl azide was used:as the starting -waterial to
design'a'phdioaffinity.1abe1,specific-£or the succinate transport byi;
tem. Aspattate was chosen as the transport substrate analogue becauéa

! . . “ 13 '

it is also transported by the dicarboxylate syestem, albeit less effif-_

cibntly than shccinate (10), and becauszlat possesses an amino gtoup '

' through uhich d'photoreactive dicarboxylate derivative could be for-ed.«

The agpartate was coupled thtdughxits amino group to 6—f1uoro-3-u1tror

~

pheny'l azide :o yield “the photolabel Nj(4~azido-2-nitro§heny1)aaparti;

preparations of wild—-type and tranaporc—ﬁhtant gtrains in an attempt to

E - i . Y L3 V/‘\

identify the dicarboxylate transport components. '
: of ’ ) s . . ’

- vo. . i

EXPERIMENTAL PROCEDURES .

_*Bacterial Strains - The E. coli K12 strixnn used in-these stu-~

diés were described in Chapter 3. They are: CBTAé\ LL3, LLS, LLS Rev

L

.Synthesis of A-Fluoto-B-nitnqphcqyl Azide - The first teaction

in thc syathesis of the photoaffinity label wvas a co-b!nation of the
™

' mathods of Fleet st al (3) and Hagedorn et al (11). 4-r1uoro—3-n1:ro- ‘

aniline (5. 0 o, 0.0320 -oi;l) was dillolvod in a -1xt;;¥ 6! warmed,
conccntra:cd hydrochloric acid (30 ml) and dcionizcd vntot (5 -1).

.Sodium nitrite (2.4 gm, O. 03&8 -olco) in wutlr (5 al) wvas addcd drOpwite

’

*

acid.” This photolabel was then used in both whole cells and membrane s

.



nver 5 winutes while. che telpera:ure of the rq;ction vun Ehp: hntunon

~ --20 C and -15 c with & dry 1c¢-acetane buth. - the taaction :ixturo vnc

—

‘"then stiirred fqr 10 niuutes and was quickly f!ltered into a fla-k pter
- ¥
cmled to -2&) C. The nixture vas diluted vith met (40 wl) and ‘then

i diethy} ‘ether (100 ll).uns addea- Sodiu- azide (2 2 gm, 0 0338 -oIol)

. in ua:er 68 -1)'Has added while thn tenpera;ure of the reaction vas kept

-

betoeed -10:C and -5°C... The rea;tipn vas alloveq to contihue £0r 30

. ) . N - — N LN
‘minutes. Tﬁe-ether'layer vhé removed aﬁd thé-relaining Cqueoul layer

was extracted with another 100 ml of’ ether\ The ether extgacta were

-4

pooled and,dried on a rotary evaporacor (37 c).- Rec:ystallization from
petroleun q;her-(30 -, 60.C) reiulteﬂ 1n 2.06 -gn (X yield) of é-fluoro-

"; B-nicrophenyl azide as orange needidc, melting point 53 ~ 55 C HHR

(cxx:13) § 7. 70 (m,1H), 7.25 (m, 23), characteriotic of :ue prodnc: (u)

Synthests of N-(4-Azido-z—nittqghenyll;gpart1c Acld -1

. LS
second reaction was a nod&flcation of the nethod of Ranirez et al for )

the syntheais of b—(3“-aninOpropyl)anino-3-n1:r09henyl ailde (12). ié‘_,
Rluoto-3-n1tropheny1 azid& (1.0 gl, 0%0055 -oles) vas dicsolv-d in. 952

ethanol (20 nl). LﬁAspartic acid (0.70 5=, 0. 0052 noles) and lddiu-

carbonate (1. 10 ga, 0.0103 noles) in deionized vater €30 ll) was addcd

N

to uhe solution,ralong vith 50 uCi of L-[ H—Z 3]-alp|rt1c acid. " The

mixture was stirged_in a foil—coveted flask and was heatdd to around 55 :

L IR
: Y - , , : : e
- 60°C for 1 hour, theo allowed to cool slowly down to room :i-p.ratutq
H i,

for geveral ho&roQ Iha héetin; proccnl cnuscd tha nor-ally inspluble

azide to go into lolution.‘ This hq;tins-cooling noquoncl us- t.p.ltld

' sevexal times over the co sc~o§ 4 days ang 1-;0 2‘&1 of cthnno was

addcd tB the -xxeurd prioy, to each h&.ting period. Unrcactcd azide (0 5

;-) vas filtorcd from the colutiou nnd thnn the -olution hac acldif(od




~e

.~

S =2

with 25 ml of 0.1N hydrochloric acid in order Eo precipitate the orange-

red product, N-(4-azido-2-nitrdphenyl)aspartic acid.

Purification of N—(4-Azido—2—-nitrophenyl)aspartic Acid - The

r

* - ~
product was adsorbed onto several gramg of BioSil A silicic acid- (200 - s

-

400 -esh).with a rotary ev;apora.tor and .this wag loaded ontoga 40 x 3 com

-
-~

(ID) column of theé ‘s,a-e_s:llicic acid. The cc;lun‘n was eluted with a 1:1 -
- ‘ -t i = *

mixtyre of methanol:ethyl acetate. ™ A small amount of unreacted, orange

.azlde was eluted “irgc, followed by a br,oad band of, the o?ange—red pro—

*

‘duct. Sales re-a.ined at the top of the column. Purity of the columm

fraciioas aas assessed with thin -layer. 'chronatography using U_hatman hd

Linear K silica gel plates (20 x 20 cm) and a 9:1 ethyl acetate:methanol .

a.olven: system. After. dryixig on the rotary evaporator, the product way.

-

diololved 11:‘15% ml of water: -echano]. (60-1) and insoluble material was

-

removed by filtrablo-. N-(&auido-z—ni:roﬂheny.l)aspartic acid (aspartyl

I

-
uide) (425 -g, 52. 4! yield) was recowered add it was stored at 4°C in
hé dark. m (DMSO-d, ) ‘confirded the Ldent.ity of this product: S 8.75

(d, 1), 68-80(-,2!{),77(dlﬂ),74(dd18),71(d133,45
A .

(-,J.H) and 2.7 (d, ZB).

_Inhibltion of Whole Gell s)nécinatg Transport by Asi:ar'tyl Azide

Whole cc:ll.- uptake q;f ll‘c-2,3]-succtn1c aeid by the wild-type etrain,
: .t N & - .

\CBT43, .wa"n' carried oSut as d}scl‘ibed in Chapter 3. Duriang the 10 ninute

ub.tion period prior to addftion' of the cells to the transport assay,

R

ylng conccntrationa» of aspasrtyl: azide (500 uH to 4 aM) were mixed

he | C]--ucci.nu:e and phocphh:c buffer. 'rran-port studies at -

_varfious copconttntiou of succinic acid (2 uH to 20 uM) were used to J

Jdetermine the .ppcra_nr.li,ot' aspartyl azide inhibition of succinate

»
- .~

uptake. '.‘Limv_cr—lurk (13) and Di;xon‘ (Ik) plot;- were used to deter—

4 ’
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a3 B . - 2'0

uine the kinetic counstants. )
. Lot . N

Iodination of Aspartyl Azide — A modification of the methods of®

Hunter and Greenwood (15);for labelling proteins and Brov; and Aurbach
(9) for labelling hydroxybenzylpindolol was used to iodipate and iso-
late labelled aspartyl azide. -Aspatrtyl azide (11 nmol = 11.4& ul.of 960
uM) was mixed with ferric chloride (0.09 mmol - 9 ul ;f 10 uM) and 2 oCi
of sodfum [ 2°1}-todide (0.9 mmol - 19.4 ul of 46.4 uM) in 47.75 ul
total of 0.1 M potassium phosphat;, pH 7.5 buffer in an Ep;;ndorf tube.
Chloramine T (1.8 mmol - 2.25 ul of 225 ug/ml) was added and the tube
wvas innediately closéd and vortexed. It was-sealed with Parafilm and
was_incubated for 7 days at 25 °C in.a lead container ia the fume hood.
At the end of this time, 11.25 ul of 1 -g/nl sodium metabisulfite were
added to the reaction mixture. .

The sanplg was then loaded odéo a 1 ml disposable column of

Whatman DE52 cellulose equilibrated with 1 mM Tris-HCl, pH 8.0. The

following solutions were passed through the column and were collected

_ batchwise in 15 ml disposable, pléstic screw-cap tubes: 1) S ml  of 1 mM

Tris~HC1 (pH 8.0), 2) 10 ml of 10 mM sodium chloride in 1 aM Trie-HCl,

3) 5 al of 20 mM sodium chloride in 1 aM Tris-HCl and 4) 10 al of 5 mM

- hydrochloric acid. Fractions (0.5 ml) were then collected when ano:ﬁ:r

15 ml of 5 mM hydrochloric acid uare'passed théoﬁghvthe column. Alil-
quots (5 ul) were taken from.each tube and were counted for radiosctt-
vity. The bulk of the free sodium [125§]-iodlde vas eluted with the 10
aM sodiua chlofide, whereas the [12511—n§pqrty1 inée wvas eluted only

ifter 17 @l of 5 mM hydrochloric acid (fraction 14 - 15) were passed

'tt;rcmgh the colump. The fractions containing the iodinated ‘photolabel

were pooled apd were stored fn the dark behind lead at 25°C. _ .



Whole Cell Transport of [IZSIJ-AaRarty'l Azide - Transport assays

were carried out as previously described in -Chapter 3. The uptake of

[lzsll-upattyl azide by the wild-type strain, CBT 43, was examined at a

number of aspagtyl-azidé concentrations (10 uM to 500 uM) and time
L intervals (15 seconds and 1 aminute). The appareat K‘d of transport was
calculated from a Lineweaver-Burk plot (13).

Photoaffinity Labelling of Cytoplasaic Membranes - Kaback cyto-

_plasaic membrane vesicles of CBT43, as described in Chapter 2, were used

*in pi‘eliniury experiments to determine optimal photolysis conditions.
Varyinsn amounts of aembrane v;sicles (iOO ug to 2 mg.protein) were
'inc"ub:ated for 30 -minites at 25°C on a’ rotary mixer with different
concentratjions of [lzslj-upartyl azide (1 uM to gOO uM) in‘a total of
300 ul of 56 .nH potassium p-hosphate, PH 6.6 buffer. The membranes were
then irradiated for 4 %econds in ;h;allow, polypropylene nirgf—viala at.a
distance of 11 cm froe a 1000 Watt mercury linp (Po;'ta-Cur-e 1000F from
the American Ultraviolet Company). The meabranes were spun down in an
Eppendorf centrifuge, were washed once with 300 ul of phosphate buffer

(50 aM, pli.b.6) and then were solubilized in SDS sample buffer at 70°%

for 30 minytes. Membrane proteins vex:e .epara;ed on 1.5 mm, 11.5% poly—-
- scrylamide clab"gcls, as degcribed in Chapter 2. The gel was stained,
~dried and exposed to a Kodak‘xmr X-ray fila for seve.tal ;eekl at -
.80°C-. Further u;;eriunt._ m;;tingly used 50? ug t;f membrane pro:a:}us
iand 2 uM [12511-upa,rty1 azide. As \'vell, a 0.5 cl.thick glass plate was
plalcnd,"o'n‘ top olf the llll;lct in ord;r to screen out damaging ;ravcl.engths'
_of light bolov. 300 _;‘ It vas determined prcvi;usl'y_ vith.a Beckman DU-8
. - wavalepgth ecan thst the aspartyl azide had absorbgnce maxima at 473 and

263 ma.

o
- . ~
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For co-parilou of lz-brane ladelling pattertis between CBT43 and
the various ttan’pr: .utlnu. crivde fyt‘bplﬁnlc -ubunu (noa-Kaback)
were prepared. In a modification of the p:occdurg for Kaback membrane
vesicles described in Chapter 2£§:he oucleasge I;Gp uis omjitted after
the spheroplasts were howmogenized. The membranes were then broken inte
ssaller fragments with the French Preas and further lfro.ogenization, * |
vashed once with phosphate buffer and were frozen in buffer at -20%%.
Membranes (500 ug) frop these strains were then photolyzed with 2 ﬁH
[lzsll-lnparfyl azide and exemined on SDS gels as outlined above.’

Photoaffinity Labelling of Cells - Cells were grown in LB medium

-
-

under the conditioas described for the transport assays in Chapte; 39'
After harvesting ani washing with SO'nH potassium phosphate (; 6.6)
Buffer, the cell pellets were weighed and were resuspended in phosphate .
‘Buffer to a concentration of 50 mg/ml. 'An aliquot of cells fS ag) was’

fncubated for 30 minutes with [IZSI]-aspartyl azide in a :otgl‘qf 300 to

\

-

400 ul of buffer and was then photolyzed under glass for 8 seconds.
Cells were prepared for, electrophoresis in the same maaner as the mem—

s N .

brane preparations. Some of the parameters that were investigated were
[12511-asparty1 azide concentration (2.uM and 500 yM), time Of incuba-
~-tioa (2 to 30 qinute;), 1nhib1;1on.of nonspecific bigding with PABA
(p&ra-aninobenzoic acid) and inhibition of aspartyl azide btndiaf with 2
and 20 =M succinate, aspartate or glutamste. These condiiioﬁ: were
studied in CBT43 and the transport mutants. .
Localization of |1251|-Alggrtzl Azide in Whole Cells - CBTA4]
cells that were photdly:cd'with 2 up ind 500 uh aspartyl azide as de-
scribed in the above gaction were used in this study. After photolysis,

~the celld™ (5 mg each, duplicate) were pelleted and were selectively

-

e

Y
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+disrupted according to tl;e methods of Hcppei and Kaback (16,17) in order
to deteraine the fate of the photopffinity label. The cells were washed
once.vith 200 ul of 50 mM patassiuk phosphate, pB 6.6. ﬁoosély—houna,
| surface pfoceina'were removed with a ?tis-EDTA-aucroae €33 ;H‘(pu J.2)-
1 mM=20X; 300 ul) tteat-ent for 10 minutes. Proteins associated with
the outer membrane and underlying petiplasn were then released. by os=~
. .motic shock in cold 5 =M magnesium cliloride for 10 minutes at "4°C.
- Then, incubatiom for 30 -inutes in the Tris-BDTA-sucroee solution con-
g ' ' taiutng 125 ug/ll of lysozyhe re-ov!d the pepti&oslycan layer and the

rest of tﬂb‘bériplas-. Thq resulting spperoplasts were homogenized to

-

-
14

. releaee';pe cytopfh‘a&d-conte&ks and the cytoplasmic ne-branes.;e}e then
pelleted atulﬁ,QOO x'g.' All of the fractions were countéd to deterninef'
the an;unt.of [IZSI]easpartyl azide incorporated. Altérnacively, the
proteins in each fraction were precipitated with 102 TCA and were then
;éparated'on a 1.5 =m, 11.5% polyacrylamide SDS slab gel. The gel was

; . .;ained,.dtied and expﬁsed tq'an X-ray fila 1n';;der to visuglize tﬁe

subcellular location of the photolabel.

- Chemic#ls - 6—§1uo:o-3-§1ttoan111ne and paré—;nineben;etc ac%d
were purchased frow the Sigma Chemical Company (St. Louis, HO)J"deiun
nitrite and sodiua azide were both obtqincd from the Pisher Scientifi¢
Company (Fair bawn, NJ). Bio5il A silici¢ acid was bought from Bio=Rad
Laboratories (Richmond, CA), while the ‘'silica gel plates were purchased
from Hhitlan Limited (Hnidntone! Kent, UK). Both [1AC-2&§}-;uc;1n1c
acid and L-[33-2;3}-aip¢rt1c acid were purchased from the New Engiand
Nuclear, C?. (Boston, MA), vhil; sodium [lzsllfiodide vas bought from

ICN Biomedicals, Inc. (Irvine, CA). ) N

s -

s
ot
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' RESULTS

Syathesis of N-(4~Azido-2-nitrophenyl)aspartic Acid - The

photoaffiniiy label, N-(A-aziéo-z-nitrophenyl)uspart1c acid, was ayo-
thesized in two steps (3,11,12), as detailed in Experimental Procedures
and as shown diagramatically in Figure 1. 4-Fluoro—3-nitroaniline (I)
was treated with nitrous acid (from the addition of sod1;- uit;ige to
dilute hydrbchloric acid) and hydrochloric acid to form the unstable

diazonium salt (I1) (18). This salt was then treated ia situ with

‘88dium azide to yield 4-f1uoro—3-n1tr0prnyl azide (1I1), a bright

orange solid with a melting point of 53 to 55°C. Its NMR spectrum is

- .

showa in Figure 2. The overall yield after purification was 35X.

Compound III was then reacted with L-aspartic acid, usifig sodium

carbonate aé an acid acceptor, to give the orange-red product. N-(4-
azido-2-nitrophenyl)aspartic acid (aspartyl azide) (IV) in 52% yleld
based on recovered 4-f1u6r0-3-nitropheny{\:ffde (502)"

Purification and Identification of N-(4-Azido—2-nitrophenyl)-

aspartic Acid - The aspartyl azide was separated from the unreacted &4-

fluorvo—-3-nitrophenyl azide and various contaminating sai;s by chro-c—
tography on a BioSil A silicé.gel coldhn, as described in Experimental
Procedures. Due to the low solubility of some sample conpone;t.-iu the
column solvent, the sample was initially adsorbed by drying 6dt& a few
grams of bhe‘silica gel. This u;s then ioaded onto the column. A band
of unreacted orange azide wvas eluted first with the ;ethanolyethyl B

acetate (1:1) solvent. This was foiloucd by a broad band of orange-red °

aspartyl azide. Brown, insoluble salts remained at the top of the

'

column. The purity of each column fraction was assessed by thin layer

chronacograéhy (TLC)+ Figure 3 shows the TLC results. Purified 4~

.‘.. o -



Figure V-1. Reactions in the synthesis of N-(4-azido—2-nitrophenyl)as-

) partic scid (aspartyl azide). The photolabel, aspartyl agide, was syn—

thesized under the reaction conditions described in the text. The com—
pounds iavolved in the reactions weze: 1 - &4-fluoro—3-nitroanilime;

II - diazonium salt intermediatg; III - 4-fluoro-3-nitrophenyl azide;
Iv - N-(b-azido-Z-n*Frophenyl)aspar;ic acid (sspartyl azide)

»>

\;2.5/ -
Figure V=2. Nuclear: magnetic resonance spectrum of 4 fluoro-3-nitro-
phcnyl azide (III). NMR analysis of é=fluoro-3-nitrophenyl azide in
(deuterated chloroform) gave the following spectrum: § 7.70

(-,13). 7.25 (m,2H)."
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fluoro-3-nitrophenyl azid; wvas run in lane 1 as a standard. Lane 2
correspouds to the unreacted 6-fluoto-3—n1ttopﬁény1 azi&e, éhe first
band from the silica gel column. The second band, the aspartyl azide,
was run in lane 3. It showed a small amount of contamination with un-
reacted azid;. It~uhoula be noted that the silica gel column was run in
1:1 gthyi acet;te:lethanol in order to decr;ase the elution time for the
aspartyl azide. The TLC plates, in contrast, were run in much iouer ;
neth.nnol (9:1 éthyl acetate:dethanol) to facilitate the separatiog and
identification of the two compounds. '

The identification of'thé ma jor gpot in lane 3‘of tﬁe TLC pla;e
as N-(4-azido-2-nitrophenyl)aspartic acid was confirmed by NuK: T?e
peaks and their corresponding cheuical groupsigre shoﬁn_in Figuré ;.
The aspartyl azide was found Eo be very soluble in botg‘uatet'and
methanol. After éurification, it' was dié@blved to a concentration qof
9.6 mM in deionized water containing 2.52 methanol and was stored in éhé

dark at 4°C.

Inhibition of Whole Cell Succingte Transpert — Pribr$to the use

of the aspartyl azide as a éﬁotoaffinity label, it was necessary to
detcr-ine whether it was specific for the succinate transpgrt system.
Trannpofiiatudiao were carried out with CBT43 cells as described in .
Chipiqg‘?. Varying amounts of carrier—free llhc-3,3j-succ1n1c acid and
unlabeiled llp‘ftil agzide were used to'deternine if the pﬁotolabel u;s

able to inhibit whole cell succinate tgin.port. ‘In-prclininary studies
Co . ‘ .

'vith 2 uM quic;nato, it was found that a concentration of 500 uM aspar—-

tyl aszside wvas the lovest valoe that Lnﬁibitcd succinate upgjﬁc. Aspar-

~

.:yf azide conccntratio;q from 500 ul tqQ 4 aM were thea used in transport

aqpayb'vitﬁ 2 to 20 uM [l‘c]-auécinntc‘in ordet to determine the sppar-

.‘*'. ; ¢



Figure V=3. Thin layer chromatagraphy of aspartyl--azide. The purity of
the bands eluted with methanol:ethyl acetate (1:I) from the BioSil A si-
licic acid column was assessed on Whatman Linear K silica gel plates
using a8 9:1 ethyl acetate: methanol solvent system. The mobility of
each compound relative to the solvent front is noted next to its spot.
Lane 1 - 4-fluoro-3-nitrophenyl azide standard; 2 - unreacted 4-fluoro-
3-nitrophenyl azide (band #1 from column); 3 — aspartyl azide (band #2
from column). .

- —

-
o ) - . .

Pigure J-4. "Nuclear magnetic rcsonad;e spectrum of aspartyl azide. NMR
analysis of aspartyl.azide in DMSO-d. (deuterated) gave the-£following
spectrua: & 8.75 (d,1H); 6.8-8.0 (a,28); 7.7 (d,1H); 7.4 (dd,1H);
7.1 (4,1R); 4.5 (a,1H); 2.7 (d,2H). ' ' .
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ent X, of {chibition. As described in éxpe;inental Procedu;e:, an
aliquot of cells was Qdde% at time zero to iﬁ incubation -1xture‘bf
{IAC]-succin&tg and aspartyl azide in phosphnté.buffet.- Figure SA in a
plot of\iucciuate trangport in LB-gFoun cells gver 5 -inuten'iq>phe.
‘ptesence-of 1l to 3 aM aspartyl azi?e. It shows th;é the rate of succi-

© .
nate trangport decreased as the aspartyl azide concentration vas -in=’

~ . o .t

creased. Similar results were obtained for M9-grown ceils, although the
uptake velocity was higher in all cases, as expected from results dis-

-

cussed in Chapter 2. ' ’ - -

- . The reciprocal of each line?s slope in Pigqre'SA was derived by
computer and these vglues were Plotte§ againét the asparéyl.aztdg con-
c;ntragion, achrding‘to.the methods of Dixon (14). This plot yielded
information apout the‘appare;t Ki of fnhibition and also about the type

- of iohibition, competitive or nom-competitive, that occarred. The ret o
sults from one such experi;ent are shown in Eigure_f%. The'péknt oﬁ(or
above the X-axis at which th;.various~}inéq‘tutersected 3;;e tire value

. of -Ki.' If the lines intergected at any v;lhe of 1/v nbon th‘x-aéin,
this indicated competitive 1nﬁib1:£%n. Hou&@ei,\if thé 11;80 inter-

sected on the x-axis, then non-co-petltive inhibiticn was indicated.

.KI values of 0 33,. 0.43 and 0.35 aM were obtained fot a-pat:yl azlde - .
inhibition of succinate tran.port in three ncparatc gxpetllgncn."rhfq
. gave ani;ppatent Ki of 0.37 +/- 0. OA'nH asp‘rtyi azide. It was evident . f
in all three expcrilentl that the lines on the Dixon plot intcrscctcd
. lbove the x-nxis and, therefore, thio susghohod tha: ‘the acpartyl azidc':f l'.‘
. ' ' co-p.titivcly inhibttcd ouceinatc tran.port. The pypp:eg: K‘ {og suc- -
cinate transport was aldO‘cflculatod picp_p Liﬂpu.;v;?zlqu\p}ét:0115, Lo

which used the reciprocal of the copirol slope Valige ‘(no fohibftor -




*

-

Figure V-5. Aspartyl uide inhibition ‘of CBT43 succ!.gate traaosport.
CBTA43 ccus were grown to late-log ixd LB medium at 37 C and were pre-
" pared for transport studies as descv#®¥ in Chapter 3+ Briefly, the’
cells were washed with 50 aM potassium phosphate buffer (pH 7.5) and
were mupcnded to an OD... of 4.0 in thig Same buffer. An ali wot of.
cells (120-ul) was added’ time zero to a stirred mixture of | C]-luc-
cinic scid (2 to.20 uM) and aspartyl aside (0.5 to & wM).in. phosphate .
 buffer to give a total volume.of 1.2 ml. At one minute intervals, 200
ul of the assay mixture .vere filtered and Wahed vith t\i‘Q 5 ml aliquots
of cold phosphate. bnffdr. RS .
A~ The ichibition 'of upcdke of 20 uM [ 61~mciute (p.olea/io cells),
Dy various_coucentrations of aspartyl azide (1 to 3 =) was plotr.ed
. sgsinst tm {minites) .
B = The miprocal of the Tates of uptakd (p-olullo cel uluinutc
. "Tor 2, 4 and 8 uM succinste was platted against aspartyl aszide. coacon— _
“tratfon (mi). The iatersection of the lines sbove the X axis at a value -
_of approziuuly -0.35 alt indicated an .apparent K, of 0.35 aM ‘for compe-
. citt.v. upartyl uide !.nlu.b:l.:i.on of:ucci.nate ttu&.port. ' L
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.added) and the reciprocal of the succinate concentratioas. A value of

 6.44 +l— 0.65 uM was obtained in the thrée experinents for the K , and

ﬁ‘this was cloce-ca the value of 11 uM reperted earlier for this transport

- LS N

-

system (19). . . -
. b . . ) r—
It should be noted that not Oﬁ%y did the slope of the lines in
- " -

-

~

Figure 5& decrease u{;h increasing aspartyl azide concentration, but the

K

absolute value of succinite taken up by the cells was decreased at the
early ti-epoin:s, 80 -uch so«that chg lines for the higher - azide concen-

trations no . longer extrapolated to a positive value on the Y-axis. _This

might explain the vartation obtained (11X) in the l(1 measurements. It

‘ﬁas also observed that tvo slopes could be calculated for some of the

—~

11lnes with the htgher 4dhkibitor concentrations. Succinate transpott was’
A ~ .
inhibited to & greater extent duriag the first two minutes of uptake in

tqé presence of 275 and 3 mM aspartyl azide, telative»to the last 3

minutes of yptake. The ¢éells seemed to partially “recover” from the

o

aspartyl azide inhibition. When the -initial rates of succinate uptake
4 ‘ -

in the .presence of the higher aspartyl azide concentrations (2.5, 3 mM)

were used “to determine the photolabel”’s inhibition constant, neither

. -~
competitive nor goo—-competitive inhibition was indicated. Instead,

'co-plei kinetics that were interpreted: as mixed inhibifioq were ob—-
- » - -

served. An explanation for these nixed'kiqeticc aight be that aspartyl
azide . lnhgsitiop-of succinaée uptakc by gen.r;l mechanisas other thaa

_cc-p‘tittv’ inhibition were guperimposed upon its competitive inhibi-

‘tionm it thc early timepoints in Figure SA. tn,any case, this co-plex

1nh1b1tion did not &llow for a K determination fro-;:he'initinl ra;eq -
of cuccluntc uptakl L.ter,photoaffinity cxporilonts ubich 1nvolv¢d an
1n1:1-1 incubatlon of whale CBT43 c.ll. with the aspartyl a:ide for .t

- i . - Lot L
. * . ' - -
- - ° - * ' -
.

-
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periods of 2 to 30 linptes indicated that: the s;-e froteint wvere la-

belled at all incubation times, suggesting that degradation of the pho-

tolabel was not the problem. In addition, the slo}es of the lines cal- .
’ cplated'at the 1a£et timepoints in Figure 5A indicated the competitive

inhibition kinetics seen in Figure 5B. Therefore, was felt that

these data reflected the competitive interaction of the photolabel with

the transport system and they were used to calculate the apparent K, for

i
aspartyl azide inhibition of succinate transport.

Aspartyl Azide Inhibition of Aspartate Transport - Since the -
photoaffinity label that wag censtructed for the guccinate trangport
sy;tem consisteq of aspartate covalently linked to a phenylazide group,
the effect of aspartyl azide on aspartate transport wvas also investi-
»gated. Kay showed that aspartate is tr&naported by two diff;rent sys—
tems in E. coli (10). The dicarboxylic acid'QQE system of hh;ﬂust;dy\i;
also a low affinity transport system for aspartate (K- of 30 uM in 3257
strain), :Pile a wore specific ast system transpqrts aspartate with a
nucﬁ higher affiﬁi;y (K- ;f 3.5 uM, in QEET strain). The former systea
16 inducible, whereas zﬁe latter system is coastitutive. Aspartate s
. taken up very rapidly by E. coli and it {’ metabolized 19-;diate1y upon
- ) | entry into the cell. Therefore, 15 léCOﬂd as well as 5 ainute time-

- -

points were used in the transport assays and a strain that was defec-

/iive in citrate synthetase (gltA’) was used in order to see concentra-
; ’ tive uptake (10). - . - ‘
- The gltA~ strain that was used in this, study was H30, the

paredtal~etrain of CBT43. The cells were grown in LB medium with 0.2

. succindie to mimic the growth conditions of the CBT43 cells used in the

. .uccinati transport studies. Figure 6 shows the results of 3.9 uM L-

e m————— T
.

-




.'.Eigq}e V-7. Purification of |
',Q;phttyl azide (11 mmol) was ifodinated with godiud | I]}siodide (0.9
meol) in the presence of ferric chloride and chloramine T as described

Figure V-6. Aspargyl azide inhibition of H30 aspartate transport. The
uptake of 3.9 uM [“H]-aspartic acid was measured ia strain H30 (gltA )
in the presence of 0.5 to 3 wM aspartyl azide. Cells were grown in LB
wsedium and were prepared and assayed for fransport activity as in Figure
5. Uptake of 3.9 uM aspartate (pmdles/10 cells) was plotted against
time (minutes). ]

»

1251]-aspetgyr'azide oezggAé Ceilulosé.

in Experimental Procedures. Xfter terminating the resction with sodium”
wetabisulphite, the sample (61 ul) was loaded onto a-1 ml column of DES2
Cellulose-equilibrated in 1 aM Tris-HCl, pH 8.0. Successive washes with
1 wM Tris buffer (5 ml), 10 aM sodium chloride in Tris buffer (10 ml)
and 20 aM sodium chloride in Tris b“fffES(s ml) removed greater than 95%
of the free lodine from the column. | I])-aspartyl azide was eluted
from the column with 25 al of 5 aM hydrochloric acid. The elutioa pro-
file of the aspartyl azide by the last 15 al of hydrochloric acid in S00
ul aliquots is shown in this figure.

s
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133-2,3]-aspart1c acid uptake by st¥ain H30. It was evident that the

B aspfrtsée.ttaanport'gy'thzsefge11§ wves fhp;é'indeedi approichiﬁg 2 max— -
imum v;lue at Zuto-3 i;qqééi.‘\rhe rg:;l;:»fibg aéie;peri;eﬁt that u;eq_
- ‘ ) lS-second:ciiepoinés :o,léasure aspartate transpé;t indgépt;&'that ;he
uptake was still linear up to,75 seconds and no inhibition was obeer;ed
in the presence of aspartyl azide. In fact, éh? 5 minute transport

«~estudiés in Figure 6 indicated that the aspartyl azide appeared to stimu-

late aspartate uptake. ?ouever, as far as competitive inhibition by
aipar:yl azide was concerned, only tﬁe succinate traansport system seemed
‘to be involved. This was expected since the high affinicty aspartate
transport cylte-'hai a séecifigity\for alpha-amino groups (10)‘and this
group was involved in a éovule;t bond in the asp;rtyl nzidé noléCule.'

lodination of Qgggr;yl‘Azide - Many mammalian membrane receptors .

. are present in very low amounts in the cell, specifically in the range
13 '

10 to 10~

of 10 moles of receptor per milligram of membrane protein .
(1). This may also be the case for the cytoplasmic membrane diéatboxy-
_lat; transport coaponents of'E; coll, as discusseé ﬁ;;viouclf. For this

reason, radiocactivg¢ compounds with a very high.dpecific activity are
& . . .

needed to do.bindiqg ;r photoaffihity labelling studies with these pro-
teins. It was not possible to prepare [3§]-asparty1 azide with »-bigh"
enough specific ;ctigiFy to_gchct biading {n CBT43 cytoplasaic mem
branes. When 50 uCi of L-[3u-2,3]-;ipart1c scid were iﬁcluded during',
the synthesis of 1.4 millimoles of aspartyl azide, the product had a

* " specific activity of oanly 5 uCi [381 per millimole. It wvas obvious that

this-specific activity was too low to observe binding in membrane

 preparations, unless prohibitively lafgo amounts of ssmple were used.

! : m:.fori. 1odin¢gton of the photoaffinity label ;tn_azt-ptcd.

. 2 ) ///) . ]
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Iodinated derivatives of ;eceptqf substrates and substrate
analogues have b;en bfepared aE very high s;gé;fic acﬁivity by’several
investigators (1,7,9,20,21 ) Carriet—fre'e aodm- i I]-iodi.de vith a
specific activity of approxilately 2000 Ci{ per millimole was used with
chloramine T in the 1odinatton grocedure of Hunter and Greeowood (15).
Virtually 1002 1&Eotporation of iodine was possible when approximately
equimolar amounts of iodine and substrate were used in this wmethod. The
iodine was either incorporated intoc a tyrosine residue if the substfg;e
was a protein (20), or into the phenyl ring of a benzyl substrate ?eri-

¢ vative (7,9,21). 1If the latter example also ipcluded an azido group on
the phenyl ;1né, then the iodine atom was located on the same ring as

the photoreactive group "(7;21). The ;dvantage of ghis type of compound
was that the radiocactive label reuai;ed'with the covalently-linked azido
group aftet pﬁo:olysis, even 1f degrahation of- the renainder:of ;hé
substrate -olecuie occurred (i). ’ .

After iodination of the.yffinity labels, it was necessary to

renoée any free [lzsll—iodide ion from the label so that further studies
. : ' ' -

\\ ) 4 could be cé;;igﬁ out with the purified compound. A molecular sieve
\' . coluan was useful if the iodinated label was a protein (20) and other
A iodinated labels were purified by organic extraction (9). The.loiecular
\\ weight of aspartyl azide was too low (295 gm/mole) for purificntion.onla'

molecular sieve coluan and ethyl acetate extraction of the iodination
aixture d%d not prove to be ;ffeqtiye. Instead, a DEAE cellulose coluamn
was used for the leloctivo)ggpoval of -free iodide ‘fon éro- the fodinated
aspartyl azide, as zailined‘in Bxpcria;ntal Procedures. The column vas
initially equilibrated in 1 =M Txio-ﬂ;l {pH 8.0) ;nd st this pH and

. . ionic streagth both the iodide fons and the nnpart}l azide were bound to

ta '

.



the colusn. The agide was presumably bound to the DEAE through its two
. :

carboxyl groups which would be fully fonized at pH 8 (22). The ionic
strength of the buffer was ra&aed.vith sodium chloride and this resuited
in the elution of better than 952 of the free iodine tro‘ the column.
The éﬂ was then lowered to near 2 by passing 5 =M hydrochloric acid
through the coh;nn. This reduced the charge on the aSpattyl azide
molecule in& it uag eluted froi the columm. Figure 7 is tbq elution
profile of the DEAE column. The elution of unlabelled ;spattyl azide
was detected by its orange colour .ancirits eluti;;x position coincided
ex;ctly with that ;f the ilodo-aspartyl azide.

By using a wolar amount of sodium IIZSI]-iodide slightly less

-~

than the amount of\substiate,vit is possible to synthesize an iodinated
derivative of almost th; same spec%fic activity a# that of the'[IZSI]—
1o§1de (2000 Ci/mmole) (1). In the case of aspartyl azide, a molar .
ratio of gpptogi‘ately‘IQ:l for azide:iodide was used so tha; the ;tange
’colour of the photolabel‘eould be used to foilov any subeequent manipu~
lations. Therefore, 1. 94 sCi of sodiuam [ I] iodide (0.9 unol) were

used tp iodinate 11 omoles of aspartyl azide, as described in Experi-
mental Procedures. The highest apecific activity of iodinated aspartyl

azid: that was obtained in several expetincnts was 6.69 Ci per ailli-
~wole, which w’-;“&nuy.s.gz 6f the theoretical yield (176 Ci/mmole). This
calculation assumed that 100X of ghc iodo~aspartyl azide was elufed from
the DEAE column and, therefore, its actual sﬁccific ictlvitx may have
been slightly higher. This low néacific activity was only sttained
after a 7-day iodination period. Even the addition of a 1.9 uM ferric
chloride enti{ylt (23) did not improve the iodination efficiency. 1In

contrast, reaction times of only' 1 to 30 .minutes were neceidsary for




almost 100X incorporation of iodine into other affinity labels (7,9,

21).

'

Whole Cell Tr;nqpert oi_[lziéi:7rpartyl Aside - After a radio- .
active derivative of an affinity label has been prepared, the next step
is to determipe the bind;ng constant 6f the label vitﬂ the cells or
sembranes of ;ntefest. If the Kd
affinity label’s inhibition of the receptor function, then it is fairly

for binding agrees with the K, for the
safe to say that the iabel is specific for the substrate bindiﬁg sit‘ of
the receptor (1). This complements the kinetic data which can be de- ’
rived from Dixon plots, which 1ndicat§ either co-petitive.or non=coape—
titive inhibition (14). As discussed earlier, the specifig.actlviiy éf |
the [3H]-asparty1 azide was not high enough to be useful‘}n eitger ..
binding or photolabelling studies. Even though the specific activity of
the [lzsll-aspattyl azide~was several ordgr? of nasn%tude higher than

that. of the tritiated label, it was still not a sensitive enough probe

for binding studies.- The app;redc Ki for aspartyi azide inhibitlén of

succinate transport wvas 8o high (0.37 mM) that th}‘ount of cold azide
would dilute out the jodinated azide (2 - 6 uM) so auch that it .would
not be detected in binding studies. Therefore, the transport of iodi--
nated aspartyl azide by CBT43 cells lvll; investigated instead. It was
‘hoped that this study would indicate the method of entry of the n;idc
into the cells and y&ﬁld answver some of the questions raised in the
luccinite.inhibition‘iluayo.

' éondhqtrntioﬁs of\inparéyl azide from 10 to 500 uM were used in
a iS‘oecond tinipgiqt tran.port-acoaﬁ vith LB-growa CBT43 c-lin. Pigure

8A is .a plot of [lzsll-aspcfiyl axldi'transport ovgs_sini and Figure 88

shows a Lineweaver-Burk plot of the same data (13). The increasing Y




\, -~

»
-

Figure V-8. Uptake of {lzsll-aspartyl azide by CBT43 cells. LB-grown

CBT43 eall% vere. prepared for transport studies as in Figure 5 and were

assayed for [ I1]-aspartyl azide uptake at 15 second time intervals as

described in Experimental Prgigdures. . 7

A - Uptake of 10 to 500 oM [ ~“I)-aspartyl azide (pmol/10" cells) 1is

plogted: against tfme (seconds). ? -1

B - The raciprocal of the uptake velocities (pmoles/10" cells/sec ") is

plotted against the reciprecal _o_f the aspartyl azide cyncantticiogt The

x and y intercepts, are 0.001 uM = and -0.0l1 pmoles/10’ cells/sec = re-
— spectively. . ' :

-
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* intercepts 15 Figure 8A presumably reflect an increased i-guut of

125

lose filters at the higher concentrations aof the photolabel. Both the X ..

and;Y intercepts (0.001 and -0.0l11 respectively) in the ‘latter plot were
very nearly zero. Therefore, it appeared that the aépartyl azide was .
trgnsbortéd paiaivelf_into the céll.xince.a value of .1/0 indiﬁqted an ‘

apparent &n-ef infinity. Althowgh the aspartyl azide was able to com—

petitively inhibit whole cell succinate transport, it did not appear to

be tranoporbe& by this same active tfanapor: system.

“Technical Cousideratioas for Photoaffinity Labelling - Before

photoaffinity labelling studies could connence, it was fitst neqessary

ta deteruine the absorbance naxina ‘of the aspartyl azfde un .r ‘the _

qonditlona to be used in photolysis. The aspartyl azide was dilu:ehlto
q_ggncent?atton o}‘loo uM H1£h 50-ﬁHNpotasa1un phosﬁhaté.(pu 6.6) photo—
lysis buffer gpd its wavelength naxiha were deternined before and after

photolysis for 4 seconds with a 1000 Watt mercury lanp. The vavelength

-ICIBS fn Figures ?A and'9B were car;ied out from 600 dbwn to 200 nn wtth

a Beckman DUS hpectrophotouatet. Two peaks of naxinun absorbance )

-

occurred at 472 and 263 ma (Figure 9A) After photolysis, the 472 m
peak vas shift;;\;IIghtly to 462 m “and 1td absorbance vag decreaged a“
(Figure 9B).. The 263 om peak vas replaced with & new peak of lover ‘
absorbance at 239 om. The nhiftn and decrensa in absorbancc of the

peaks indicated that the -orcury Ialp wis effecti!e in activatlng th&

) aapartyl azide under the conditions used. It is Qeairnble, houeyer, to

carry out phdtolylia at vlvclnngth- abqve 300 o, if posiiblg, té avoid.f

faactivation of the protfind of intcront by photo-otld.tion or di-oti-

zation that often occurs at ul:raviolct uuvolongth- (1). Thc aryl

1 I]-aspcttyl'azide bound to either the bacterial cells or nitrocellu-
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- Figure V-9. Wavelength scans of aspartyl azide. The wavelength maxima
of aspartyl azide {1Q0 uM) in 50 mM potasaium phoasphate buffer (pH 6.6)
were detemined before and at‘ter pbotolysis for 4 uconda with a 1000
Watt mercury lamp. )

A - before photolysis, maxima. of 472 ma, 263 m

-B - after photolysis, maxima of 462 ma, 239 ma.

c - after photolysis (glass filter), maxima of 473 rn. 261 nam. :

' Phor.olyslu with a glass filtet (C) scteened out wavelengths of light
below 300 . )
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a,ztdea, such u upattyl ui.de, are good candidat,_ec in r.hu lutance

LE e

since they absorb ught above 300 o=, Photolnio of aspartyl azide was

. - [ - " o ¢

; carried out above 300 ™ by using a glass plate to cover the samples and ot
E; _'1 S o t.hus t.o (iltet out .;bc ultravioletmavelengtlu- Figore 9C shows that\
| \ K ph\otolysia uqder tbese conditiong - only affected the 473 mm pe:k. Iu-l'
'-;baorﬁa_nqe wés dehreaséd;'while the peak at 261 om remained relatively

. - o unchapged,in position ‘and absorbance. ' .

. * . - v “ - . L]
e RN

& - Vhen an aryl azide' is activated py light of the approptiate

; T " . . ua.\téiength, the atyl nitrene that is for-ed either reacts with ﬁblvent R

. 2' - ‘ ~_poleCules fa the bulk solution, with nonspecifie residups ‘n ,the men— _ T

-

branes or cens of intereat or vith specific siteq for whicﬁ r.he pho:o-

.
LR

Iabel bas an affinicy. 'l‘he most speci.ﬂc req,ttion accurd' vhen the )
) énount of photolabel that is uged closelg spptoxiutgl the nu-ber of

; specif.i.c affi.nity suea 14 the membranes or celin. .That is, vhen the

V2 KR .

photolabel 19 used tﬁ. a coacentrauon t.hat equhls i.ts K for blnding ;o

d
:he qu::;fic sitea, u: ;hOuld be able ;o saturue roughly 50X of the

Mteé. If ‘tho l( 9{ £he hbcl that is used is luch greater than tht i

:_' vnunbé'p of specl.fic sius a larger proportion of thc labcl uu be‘ N B
1nvolvcd m nonspccrfic bindiug. unléon the cxcec’s luhcl 19 mpiﬁy ‘ .o

¢ ’

":-_.. Tt o ' Lnactivue.d by t;he aolﬁnt. m.r. -e;brane' ueepbors are pnua: at a I
! ‘ Y S concentra;xon “of 10 ;0 to 10 anolet per -Ll.ligru of -e-bfane protein

/ » ! . L N ‘e i

l trmluuu to';cn avarnge.of 10 6' ta 1.0 -9 K._ﬁat a cqncen:ntlop &
1] \ ‘ .
. of 100“1’ ) mbr_hna pr-o:ﬁn-_ 'Ihcrc!ore, a pﬁoto}ah& shouald Mvc . m
- < : ":‘ L d () ‘ o~ : - 3 i ; "
TR St Kg.of m"";u or ledinge be useful.(1). < R
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limitations of the binding studies discussed earlier, it Uas_assuleq\

that the X, roughly appfoxinated the K, for binding of adb;rtyl azide to

v »

the traansport components. This Kd value is much la‘ger}chan the maximum

value of 1.0-6 M for ideal site—speéific labelliﬁg and the label would

— - )
almost certainly be in excess of the specific sites at this cbacentra-

tion. However, s;ecific labelling might still be possible if the excess

photolabel .was inactivated quitkly emnough by the golvent before it

. <y . - .
could attack nonspecific s{tes (1). Therefore, a range of aspartyl
azide concentrations was used in .the initial photolabelling experiqepts

. in ordeg to determine the cut-off point for specific labelling.

\

Piotoaffép;gy Labell{gg;of Membrane Vesicles - Since the focus

&«
of this thesis is the-eubranc-bound dicatboxylate trarspotft components, :

>

photocffinlty l:belfthg studies were initially cartied out with CBT53
cytoplannlc membrane vesicles that had gben shown to contain active

succinate transpért components (26).° Vesicleg were incubated for‘30

-ninute- 4dn phosphate buffer (50 mM, pH 9,.6) with concentrations of °

upartyi azide unglng from 1 to 50 uM and photowis was carried out as
delctibed in Experimental Procedutu- “rhe membrane proteins were then
-'o‘epcramd oo an 11.5X polyacrylamide SDS gel and labell.ed proteins were

detected by autoudibguphy- It :.vaa found that 500 ug of wembrane

-, et o ' . Y

vesicle protcin ves the maximum aount that sould be ruo oa egch lgoe of
.
tbe ul wit&ou: ujor diocortiqu‘o\f ‘the band-.- Coouute Blue-stu.ned, e
' "!
s+ control lanes tlut connlncd nedbrace vesiclu before and after photo—

17.(. vi:hou‘t &c .d#t.lon of aspartyl’ aa“c did :ol: lhov any appu'ent -

.

dufctmu ia tbc(r nrouin paturna a&d thiu indtcatpi that st least

'3 -

"o mjog pron’n gurmuod occurred durins pho:olynis- Pigure 10 is.

thn mto’auogru fro- this .xpcu-nt. 1t vas evident that a number of .




Figure V=-10. Photolabelling of CBT43 meabrane vesicles. CBTA3 Kaback
meabrane vesicles were prepared as described in Chapter 2. Membrane ve-
gicles (50?2 ) were incubated for 30 minutes with various concentra-
tions of | I}-aspartyl azide (1 uM to 50 uM) in 50 mM potassium phos-
phate buffer (pH 6.6) in a total sample volume of 300 ul. Photolysis
was carried out for 4 seconds with a 1000 Watt wercury lamp. The.ve-
sicles were pelleted, washed once with phosphate buffer and were solu-
bilized fn SDS sample buffer. The labelled proteians, in this and all
subsequent exper{?gnts, wvere geparated on a 1.5 mm, 11.53 polyacrylamide -
SDS slab gel. I}-labelled proteins were detected by nutoradlogta-
phy.

Lane 1 - 50 uM aspartyl azide (AA); 2 - 10 uM AA; 3 - 2 uM AA; 4 - )
uM AA. ’

T

Figure V-11. Succinate protédction of CBT43 -clbrane vesicle phofggabel-
ling. Membrane vesicles (500 ug) were photolabelled with 2 uM {
aspartyl azide and were analyzed on an SDS gel a8 in Pigure 10, cchpt
that a glass filter was used for photolysis above 300 m. Succinatc
protection vas assayed by pre-incubating the vesicles with 20 aM succi-

nate (or aspartate) nutoo prior to the addition of the photo-
label. Pnra-alinobcnzoic (PABA) was also used as a scavenger for
excess reactive aspurtyl
Lane 1 - comtrol; 2.- 20 ll luceinite3!tocection- 3 - 20 maM aspartate
protection; 4 -~ 10 M PABA; 5 - 10 © M PABA.
) -
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. . different proteins were labelled with aspartyl azide, particular
_several bands of around 40K Daltbﬁs wolecular weight as well as 73K,
47K, 30K and 17K bands. The protein pattern remained the same at all
the aspartyl azide councentrations. Only the intensity of the bands
changed since the specific activity of the photolabel was higher at the
lower concentrations of aspartyl azide. The izuest concentéation of
photolabel that could be used (1 uM) was limited by the concentration of
thé [12511-aspartyl azide preparations (from 2.5 to 6 uM) and the
necessity of using 1 to 2 x 106 CPM of label per lane in order to see
any bands. Even so, periods of 5 to 7 days were neéeeoary for the de-
tection of labelled proteins. This experiment used all of the wave-
lengths of the mercury lamp, wh®reas only wavelengths above 300 ma w;re
used in subsequent experiments. However, the pattern of'proteina that
were labelled did not appear to be dependent upon the wavelength of
light used.
| The next step was to determine 1if the’ proteins that were labelled
-by the aspartyl azide were succinate-specific protegns. Veoi?les vere
preincubated for 5 minutes with either 2 or 20 wM succinate or ;-partate
prior t;\:be additlon of the photolabel (2 uM) and subsequent photolysis.
Aspgrtate was inciuded as a control since the phoiolnbcl did no; inhibitc
its uptake by whole cells. Figure 1l shows the resulis‘of the prbgze-
tion studies with 20 mM succinate or aspartate. In both cases, the same
set ofiproteihl was labelled as in the C9ntrql've-1clel incubated only
with aspartyl azide. There was no significant decrease in Sinding of
the photolabel to any of the protelas in the prc.cnéc of clthtt 20 mM

succinate or aspartate. In fact, 20 mM succinate seemed to increase the

overall binding slightly. This lack of succinate psotectjon may not be




lqp surprising in light of the fact that 700 aM glucose was shown to
provi&e only 65X protection in 500 nM cytochalasin B photolabelling stu-
dies with the human erythrocyte Dr-glucose transporter (25). Higher
succinate concentrations ;ere not used in these protection studies due
to the possibility t?&t the increased iopic strength might incerferé
with aspartyl azide binding. ‘

1t should be noted that the coampound para-aminobenzoic acid
(PABA) was used in the last two lanes of Figure ll. This compound {s an
_effective 'scavenker' for excess reactive pA:tolabel in the bulk solu-
tion and, thus, it reduces nonspecific labelling of proteins. It is
especially useful as a scavenger for b-azidorz-nitrophenyl gerivaéives,
such as aspartyl azide, since PABA only absorbs light below 320 mm and
therefore it does not interfere with the activation of the aspartyl azide )
at 470 ma (1). The addition of PABA to the photolysis mixture did not
change the protein pattern that was obgerved. Therefore, it was' assumed
that the labelling that occurred in its abl;gce wis larggly specific, )
perhaps bec;use thé rate of inactivation of the label by the solvent
molecules was rapid enocugh.

‘An alternative method that was used ;o determine 1if the aspartyl
azide vas reacting specifically with the succinate transport components
was the use of mutants in the photolysis lt;dies. Srude cytoplasaic
aembrane vesicles (non-lnb;ck) uarc‘prepared by Eroﬁch—Prea-ing and
honoi;nizlng spheroplasts from CBT43, LL3, LLS5, LLS Rev and 4-31, as de-
seribed in Experimental Procedures. Membranes (500 ug) were photolyzed

1251]-upnrty1 azide apd inhibition of the

in the presence of 2 uM |
photolabeling by 20 mM succinate, aspartate and glu:a-;tc vas investi-

iltod. A much more complex pattern of labelling was evident in this




-

study than was oisefved for the Kaback membrane vesicle preparations
and, as such, it was Qifficult to compare the various bacterial strains.
A 40K band, similar :.q that observed in CBT43 membrane vesicles, was one
of the major proteins 1abelled in the crude membranes and again succi-
nate did ;ot‘inhibit the binding of ché pﬁotolabel. An interesting
obgervation was that no proteins were labelled in the LL3 (dctA) control
lane, but protein bands were evident in the lanes that contained succi-
nate, aspartate or glutamate. A possible explanation for the increased
complexity of the binding pattern observed in this experiment is that

the method of preparation for these membranes did not guarantee that

they remained as igiact vesicles. Perhaps this method provided addi-

P -

. N . -
tional membrane sites for nonspecific binding of the photolabel.

Photoaffinity Labelling of Whole Cells - Due to the complexity

£l

og the binding patterns that were observed for the photolyzed membranes
“of the various bacterial strains, whole cells were used in subsequent ’
photolabelling studies. ‘It was thought that these in vivo studies nighf
provide more accurate information about tﬁe binding sites of the photo-
label. 1In contrast to the ig'gigig labelling studies, inactivation or
denatgration of the succinate transport components should not be a fac-
tor in whole cell studiés. In addition, the original fnfo;nacion about
competitive inhibition of succinate transport by aspartyl azide was ob-
tained from whole cell transport assays. ~
The five different bacterisl strains u;ti grown in LB medium

under conditions identical to those used f&t iho vhol: cell trap;port
assays. Cells were ﬁreparcd for pﬁotoly.£s ss described in Experisetital

Procedures. Since the relative amounts of the succinate transport

proteins would be lower in the whole cells than in the isolated mem—

XN



branes, 5 q}lligtanc (wet weight) of gells ueré used in all of the
labelling studies. Figure 12 shows tihe results ef an qxperi;encctﬁat
- involxed the photoiysis of CBT43 cells after a 30 minute preincubation
with either 2 uM or 500 uM [lzsll-aspartyl azide. The latter eqnee#—
_tration wag used as a cont;ol since the apparent Kt.for aspartyl az;de
iohibitfon of succinate transport was 369 uM (0.37 mM). If cthis K,
truly reflected the K, for binding of aqurtyi azide to:tﬁe transport
components, then phot&lyste at 2'uH'u13ht noé‘be able to detect the

succinate binding proteins. - However, Figure 12 shows that the same

proteins were labelled by the photolabel at both ;h; 2'apd 500 uM aspar—

[l

tyl azide concentrations. The labelling was less intense in the latter

case because of the louer.specifiélactiviéy of the 500 uﬁ photolaﬁel.
! Oﬁe ma jor Sxotein of 47K Daltons ngledular veigﬁt was. labelled tn the
control lane (lane 1) for both aspdrtyi azide>éqnc;nfrétion;. The la-
belling of this 47K ptote;n vas considerably diminished in the.presence
of either 2 or 20 nﬁ succinate. {n addition, preincubation of the cells
with succinate resultéd,in the\labellingipf two new proteind of 35K and
29K Daltons lolecuiar weight. It should also be noted_chac lane 4 fo?i
cach'f.partyl azide conceantration corresponds to a 15 ainute preincuba-

tion‘of the.celll with the aspartyl azide. The fact that the same pro-

teins were labelled during preincubatiom 6; the cells from 2 up to 30
minutes with the photolabel indicated that mfabolism of the aspartyl

agide was not a problem in the whole cell studies.. X preincubation time .

‘ of 30 ainutes v;l used in order to ensure for sufficient intcractio@.

(N\\” between the photolabel and the ?ytdpllllic menbrane transport compo- | -m,
}, . " neots. . ) .
3 . . 'Pérthot experiments lnvoiétd;thc comparisou of pﬁbt;labollin;




[

Figure V-12. Photolabelling of CBT43 Cells. CBT43 cells were grown to
late-log in LB media, as described earlier for the succinate transport
assays. The cells were washed once with 50 aM potassium phosphate, pH
649¢ An aliquot (5 mg' wet weight) of cells was then incubated with

[ I]-aspartyl azide (2. or 500 uM) in phosphate buffer (total sample
volume of 300 ul). Photolysis was carried out with a glass filter for 8
seconds with a,d000 Watt mercury lamp. Protection of photolabelling was

Unless othervise indicated, the time_of Ingubation of the cells with the
aspartyl azide was 30:winutes and 10~ M PABA was fnciuded in the sam-
ples. Cells were prepared for SDS polyacrylamide gel electrophoresis as
in Figure 10. The photolysis conditions that were examined were: .
Lane 1 - 2 or 500 uM aspartyl azide (as indicated); 2 - 2 aM succinate
protection; 3 - 20 mM succinate protection; 4 - 15 minute incubation
of photolabel with cells; 5 - PABA not included in the sample.

assayed in the presence of 2 or 20 mM succinate as described previously.:

]
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47K
-35K
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patterns between the wild-tyfe and transport-mutant strains. Figures
13A and 138 show the reeulte of 2 uM aspartyl azide photolysis in the
absence or pteeence of 20 mM auccinate, aspartate or glutamate. It'can
be seen that the 47K band was again labelled dn the control lame (lane
1) for the CBT43 cells. A very in:eresting obeervation isg :het the
mutant: strains?, LL5 and-LLS Rev, control lanes had the same labelling

s ' pattern as did CBT43 cella preincubated‘vith 20 oM succiuate {Figure

A 12). The intensigy,pf the 47K band was decreased with a concomitaat

' increése in labelling of.:he 35K and 29K proteins. In edeiglen; the
. . control lane ef'the_LLs iutant showed an almost. complete absence of la-
belling of any ptocein.ben&s. Thfs was the same observa:&on that was -
made eafller vhen LL3 cytoblastic-uembiages‘were photolabelled with as-
partyl azide. .Finally, only the 47K band was labelled in :he k-31 Mu-

1nduced nutant, and this labelllng wvas decreased 1n the presence of

w

secctnate, aagarta:e or glutanateu-eThe lost intereaging observat}op wasi
;hat pieincubation of ail of the strains, Hith the axception of b;31;

s - 'vith 20 mM succinate, eopatcate or 3iutanate see-ed to lacrease the
intensity of the 35K and 29K banda. \Ihfa efiect was the most pronouneed _‘

io the presence of glucanate. It was ewen evident in :he LL3 nu:ant_

- which did not show any labelling of these proteins in the abnence of the . ﬁ:

dicarboxylie ecide. - ) o

' - ' I.oealiutian of (13°5)-aspartyl Astde in Wmole Cells - Photo
affinity 1ahelling-ecnd1ec with ecpertyl azide 1u uhole cella of B. coIt
112 detec:ed three -njor protein; 1n ‘the variono beccerial ctrains.

Houever, :he location of. thqee prohctnc uithtn the cell was not’ evideut
- o ‘t o )
from cheee studies.. The £lct that the 3ene:1c defects- in- thd'hmtcut

ntreinn.qffectcd cytoplasaic ne-btanc tgenclocacton ot.dicnrpoxylte
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Fishre V=13. Photolabelling of vhole cells: comparisdon of different

4-31 were photolabelled with [ ~~l]-aspartyl azide, as in Figure 12.

' The time of incubation of the cells with the photolabel wes 30 winutes.
When succinate, sspartate or glutsmate protection was assayed, 2 ulM as-

pargyl agide was used for photolabelling. All of the samples contained
10 ° M PABA. The follawing conditions ware examined:

"Lane 1 -~ 2 uM aspartyl aiide; 2 - 500 uM aspartyl szide; 3 - 20 M

succinate protection; 4 #7720 mM sspartate protection; 5 — 20 aM gluta-
mate protection. s : : o7 : '

" A - CBT43, LL3 and LL5; "B - LL3, LLS5 Rev and 4=31 (following page).

bacterial strains. Whole cellfzgf strains CBT43, LL3, LL5, LL5 Rev and -
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as in, Tigure 12. After photolysis, the cells were ‘washed once with 50
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cytoplasm appesred to contain by far the majority of this protein. Both
the 35K and 29K proteins were also evident in the cytoplasmic membrane

pellet. The implications of these results will be addressed in the

discussion. ~ .

: »
_ DISCUSSION )

The design of an appropriate photoaffianity label for a specific
-e'-bnne enzyme Or feceptor involves 'everal important considerations.
~. . . The photolabel must contain a substrate or substrate analogue with &8 -

specific affinity for the proteiq, of interest. It‘mt nl;o contain a

pho:oructi\re group that can be activated under conditions that preserve

TS . thc native state of the biological oy:m It is also desirable to use’

.

e ' a photolabel that has a radioactive tag in cldse proxility to cthe photo-

'!gnpitivd groupd in order to follow the label in the event of wetaboliss

A

or breakdown of the remainder of the molecule (1). Finslly, the photo-

label must be able to interact opeci-fically with the enzyne'or receptor ’

of interest.’' This specificity u ] funcﬁon of several factors and is

.

dctorlimd by citherhrcct binding studies ‘or indtrect fahibition .tn-

dies vith the biological system. The photolabel has an inherent affi-

- nity (K or ‘1) for the specific sites 1'n the membrane or cell, but non-
npoclfic rucuou wvith other proteins can also occur if the label is to o
excess of the spacific u:« aad/or if tln label coatains othcr groups

that are roa'ctivo -towards smino acid residues. _These nonopccific reac—
‘:to'ns can be controlled if excess. label is guctl\;ntcd either by nearby

.-ool.vcnt. molecules or by added “ecavenger” .Compounds (1).

. A
The photoaffinity labdel, N-(A-uidb-z-%trophcnyl).mrtic acid,

: t'lpt. vas synthesized l.n this study for the dicarboxylate tramsport .




systea of Ei_ggll met most of the above requirements. Aspartate was
chosen as the affinity poriion of the molecule b;caus; it is also s
substrate of the transport system (K. of 30 uM). In addition, its amino
group provided the means o;\shrivatlzation with 6-f1u§r073-nitr;ph€nyiu
azide in ordfr to foru an ;ryl azide (12).. The aspartyl azide was.
photoreactive at non—-denaturing wavelengths of light and its phenyl ring
.provided a site for the addition of a ra&loacttve iodine atom. However,

.:he chemistry of other groups on the ring interfered with the ilodination
. \3
of the photolabel (see FPigure 15 below) (23). If 100X incorporation of

lodine had occurred, as with other photolabelg (7,9,20,21), the theore-

tical specific activity of the fodinated aspartyl azide would haye been
176 Ci/mmole. This is considerably higher than the theoretical opeclficf
activity that could be attained by using the same quantity of lsq]-

aspartate ja the lyn:heols‘of the photolabel. The problem was that -

large quantities of carrier—free [3B]-aspartnte were required if a rea-
"t

sonable amount of photolabel was to be synthesized. Also, the yield of ,+

aspartyl azide from the reaction, and thus the samount of [3H] incorpor-

ation, would never be 100X. These studies showed that the highest speci-
. : ‘.
fic activicy {lzsll'llplrtyl azide that cquld be prepared was 6.69 Ci/

mmole. ,This low specific ucilvlty précluded its use in binding studies
wi¥h whoie cells o; ;;-btanc preparations. However, its high-enezgy
gamma-radiation rg.411j allowed the detsction Qf.l.be;led proteins fol-
iowing photolysis bfﬁnntoéa{j:rriphy.'inot;hd\of by scintillation count-

ing of gel slices. This sbility to detect specific sites that occur fn
L) » ) ~

*
‘o

' ' . L .
lowv levels in the sample is cxtzcnn;y'inpo;tant in light of the fact
that a maximum of 10X of specific sites_are labelled during one round of

. . photolysis; due to decomposition of most of the label through intra-
.o ~ - )

-
.
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) ‘ molecular rearrangement or reaction with the solvent - (1). A technique
that has been used recently to successfully iodinate low-reactive aryl
azides to high specific activity involves the use of thallium trifluoro-
acetate (26). A disadvantage of this method is that thallium compounds

. are highly toxic (23). N

‘ Figure 15 is relevant to the explanation for the low amount of
iodine 1;;orporatig; into aspartyl azide. fhe nitro group located on
carbon 2 of the aspartyl azide molecule is a deactivating group that
acts to destabilize the benzene ring and, therefore, makes an electro-
philic subltitution .ﬁch as iodination very difficult, {f not impos- )
sible (23). Any iodinatfon that does occur will only be in a position
on the ring meta to the nitro group (C-6). 'The azido group is also a
daactivating, mets director and {t would also direct the iodine atom to
the C-& ltO.:Of the ring. Antro groups, including aspartate, are i
,ptrongly activating or;ho; para-ditecto;l and would- thus favour iodina-

tion at C-4 or C-6. SinZe the C-4 position vas already ocg;pted by the

nziJo‘group. tpe oaly 6oolthon’on the ring'thnt vhs‘pos:lble for {odina-

tion vas the C-6 atom. The presence of téo deactivating groups, but '
N . oaly one actl;dting group, on the ring and the steric hindrunce of th;
bulky iodine atom and thc.aopattatc group may have been éactor- in ghe
low yield of iodo-aspartyl aziée. Other‘a£f1n1t§ iabeio-contnlncd
either no';réup_,t the C-2 po,itiou of the phenyl ring (1) or had a .
itrongly—uétiiatin; hydtoxyi_gronp on the ring (7,9;21) and, therefore,
iodimation was strongly flvourcd,~ Unfortugltcly, the nitxo group was

necessary in bg&uorb-.?}-nitrophlu.yl azide in order, to make the fluorine -

atom a good leaving group during the synthesis of aspartyl azide (}3).

: B . The specificity of tHe aspartyl azide for the dicarﬂbxylatq
. ]

4




Pigure V-15. Structural features of N-(4-azido-2-nitrophenyl)aspartic
acid. The structure of the benzene ring of aspartyl azide is relevant
.to the low iodination efficiency of the photolabel (3X).  Carbon atoms
are numbered (1 -~ 6) and the rimg positions that are ortho (o), para (p)
and meta (m) with respect to the nitro group are shown. The chemistry
of this benzene ring favours & low iodination yield at C-6. '
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transpprt syste- wvas dotetnined by whole call tnhlbition ltudias. The
conplex kinetics oﬁ.Fhe aspnrbyl tzide lnhibition of uucclnate tranaport

made 1t difficult to deterline 1ts Ki constant preclaely. Severcl‘po'-

aibtl}ties’-ay explain the phenonenon,of 1n1tial_1nh1b1tion foltnued by
partial recovery bf‘huccinqté tqanapor:'ih the presence of ngpart}l

. .~ - i ‘ - .. € ‘ - )
- azide. - One explavation. is .that the aspartyl azide was {nit{ally mets-

bd;fzed.ubop entry -into the cells andathﬁs-lts-effectlve coﬁcentratipn

was.louered. This wbuld adcount for'the inrtial largeilﬂhiﬁition of -

succina&e tranaport Been at;;he early tilepolntq for the higher aspartyl

S [

.- o azide concenﬁtgtione and the recovery of transport at .the later time-

4

}i“ . polnta when its conCentrntlon was loveredY Alternatively, there wmay

have been 8 tapid turqover of ;he succinate transport c0iponenta vhich

~

- effectively rcplaced the’ inactivated.broteina wl:h new :ransport compo-

- P 1

‘, ‘ ' .~ nentss - A third pOlsibility, that was diocuuqed earlier, 13 that the

hisher concentratious gﬁ alpnr;yl azide inhLbitéd succinate tranapo:t .

. at the early :i-épotnta.through a general -echanioa (te Outer -e-brqae
perturbncion or blo:kagg) thnt did not dlrectly lnvolve.the succinate

‘:' . -\ e -

O tranaport compqpents, as lndicated by the mixed kinetice. Inhibitton <

and r¢c¢very of uptakc ‘have also’ beén qbnorved for glucooe lqhibitlon of

\ ~

4-f1uoro-glucooe ttanoport 1n-rggudo-oq!4,puttdar and metabolism 9!.

glucooo vas postulated as the cauab of the phenonchon (27). However, ‘
recovery in thi- caoe occurrod only xfter-ccycrnl houts of incubation
. . | > with glucone and only s o-all Ertccion of thc gluconc was metabolized..

The faet :ha: thc.lll. protcinc were photolabolled vith aspartyl llldl

3 io whole colll when prelncubatiou tises ranging from 2 to‘30 -lnutco

unrc uncd cuggnltod that latabolian of the photolabol vas not a problcn

o in this o'udy. A final buc.p.rhapl rclotc cxplunatlon for the above ¥

!
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phenomenon ¢s that the aoéarryl ;zide was ranspbrtedlinto the ceils via
s r}ute- othér than thc.;cézre dicnrboxyiate syatea. Ihic‘poasiblliry ‘
wvaes 1nv¢ttiga;ed by vhole eell transport atudies with [ I]—llpartyl
azide that indicated the passive tranaport t{r diffusion of the photo—.
label into the ce11.~ This passive trantport of the pbotolahel aay have
loucred its coacentration in ‘the, vLcinlty or :he succindte transport "
co-ponento enough to pnrtially reverse 1ts 1nhibi:ory effects.

When the {nitial ratee of succinate transport in the presence of

anpartyl azide were used to calcalate the phocolabel‘a 1nhib1:£on coo-

\
L -u;nnt, conplew kinetiet\th:t were lnterprcted as lixed inhibition were

|

2

observed. Hounver uhcn data fro- the later tilepoints on che suceinate
. ‘ transport rate grAph (Figure SA) ﬁere~uaed for the higher lqpartyl azide
concentrationo, conperi;ivu 1nh1b1tion vas iadiccted. The retults frou
the Dtxon plot (16) indicited :Hbt the. nsparty} ‘azide was & co-petitlve ,
1uh1bttor of succlna:e trauspor: u&th an gpparent l “of 0 37 *{~ 0.04 -

s

IR uM. The fac: thac thc photollbel did not also mhuuc xho l‘ugh affiuiny

. . '. .spart:td trancport oyoto- can . be 4xp1¢1n¢d by .; ahcolute rnqutre-e:;

‘of this systes fof a. !r&e alpht-iiino»grOug (10) 'The high K v‘;te Eor,

'." : the uuccinate tran,port cys:e- noceolitcted the use of a:partyl azide
* _concantcétions in the photolab.lling studtet :hat were o excooa oi rhe
nu-bur of«npcclfic, iffiniry sites in the, .c-yle. In addition, the as-.

pnr:yl atidc contuinod a highly—rtlcttvt cloetron-vithdrtuina nitro h
group on ite phcn;i rin; tha: cpnid aloo couttibutp to nonspocific lar

' belliag (1). uouw.x, upu mcuuuon of the umu photolqbcl‘ by

-
5

e T

the .olten: cppoarnd to, occur slncc thc—cddic{gn of plta-ahinobouzoic

Y

acid as a ocav-n.nr fqr activntcd aspartyl szide dxd not change thc

g AT TR
A
-

pho;olnhollin; patteras ia cytoplncn&c -lbrunoc ot-uhnlc-ctllo. Thor01 .
Jor -
- < « - ) “ . ‘,.v
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. protection p:ttems that were observed -in th:}xetgized uhole cells du-
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;fbre_, wa;becific labelling did ot alppe_ar to be 'a prot:le- vith this .
.sys:é. _) o |

. Photoiabelling studles with vild-type (CBTA3) ;ytoiﬂ‘udq m—
brane vegicig; indicated that several proteias (7?&,‘67K,wk,30|(,1~7l);_ _ -

were labelled with llzsllvupgrbyl azide. This- labe,l‘lin'g vao not inhi-
. -*A ' A
bited by 2 or 20 mM succinate, perhaps becsuse a higher concentration of

-~

’au&mte, vas_needed for protevtion of pho;ohbeliins, similat to the

® results observed for 3;wqée‘pmtection of cytochalasiﬁ B labdelling of L. i

- } ) \ I . .
the  human ‘erythrocyte D—-glucose trnnsporter (25). . Alternatlvq).y. the

dicarboxylate -e-buue carriere uy not have been acceaolble to the Fuc—

cinate in :hese “non-energized” -e-bune vestcle prppautionn. ‘As such,

they uy uot have. been subject to the u-e photchbentng anc.l succlnsce' - .
-‘

cussed. belou. In Addition,‘ theaco-plex pattetn of labellina thnt. was . - .

. .

evident when photolyted crude cytoplunic henhtml ure co-pared a.ong

the dit’feunt hccterial stnino nade it &tfﬂcult to intetpret l:hg dqta.

Several ‘bands of arousd 40K lolecular weight vere agaln the--njor la= .

belled protcinl in all ‘Five bacterial straine (ckraa LLi LLS, LLS g.v;

-y

4=-31). Photohbolling studiu with vhol.e cel.la were thcrcfon carthq

oht next. - Thue otudut offcud the» -d\untqe of an m vivo -yste- thct
I . . ’
conutmd the u-bram carriers in an active fors, less lulccptlble to

artofacts than thl n-bnno prapantions, bot the dtudvanuxc o(’ g1~

~

: ) f~1utlng out the number’ of ‘pocific cytophulc nembraune altu, if 1&,. T : ’

for the photolabol.. Novorthohu diffc\’cncu ‘in photo.fﬂuity hbclling

—

of whole cells vere evident among the Five bcctctial uutm. Both 2

-

and 500 uM aspartyl azide gavqy the same ],‘In,lltiu patterns for a parti-

A

cular strain. This suggested that the K ,'.M therefore the K , of the’

.
. -
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‘-cids. The. ueond type *of tlte, tba 35K and 291 p’roéeinp, vas preueut

. amd LL& lov and especially™Ma. EL3, \mptq the tﬁo proteins wru aot w&-— ’

. dcnt. unlcn wcclnln waa added. It mld um that mum;e ohould

‘ V - .’,':
s ’ A .
pho:ohbel - aight be l.om :m its appa\'ent value of 0 37 M.

P m :ecults f-rd- t:hcte 1n vivo studies indlcar.ed that tvo tape.s
of sitea -ﬁe:e\ u.ihbie tot upartyl aﬁc& bﬁl&ing in. whole cenu One

‘type of sire, the ATK protein, vas de:!cted m vild-type_m#.‘i celis and ’

-—

111 the- m-lnduced mutant, 6—31. Since laben.tng of :hh Mte vas . .

. L
blcu:kcd by wcchute it vas cou.ldered to be a Mgh-aff&nity site for 7’
the. photolabel with teapect to mccinate sp«:if‘icityv In ;dd.i:ion the
§7K prutein ‘might ba tnvolved in succiuace trmport oince it vas ab—
sent fa scrain LL3. This 67K pmt.eln.na also detocted :ln \lov levels in -

AN

ﬂ:raim LLS and u.s m. copec!.any in t:he pt‘eunce of the dicﬂ:bozyllc _

in CBTQJ and u.3 on].y aftar the' cddll:ton of succinnte “bur 1c. vn,pre—-'

-

sent at all tilel ln LLS mﬂ 11:. neverunt and.ir. vlu abunt in a—n. . -

e I -

'n:en ptot.oins were -thought to be lov-l?ﬂnity sites Eor. ;he sspnrtyi

izlde that wete nomasked ouly when the prcferred high-amuty siLe (2 S

protein} was bl.ocud vith succinate or m a'olent éua to: lutltiou. ﬂow’-‘\- ,

aver, ’ :Ms muonlns does . r;o: explaM mcclm;t was. able to enhincq.

LN

biadtns of the photolsbel ta thcie puttuve lov-l!flnity u.tes lq LLS

hava bun able t.o ingib,(t Mudtng of a luccinltc-muﬁc photohbel r.o'

low-a.t’ﬂnlty utn mote u‘dny r.hm tp high-afﬂnity ﬂuq. If ,t_’,l!’ 'T' D
l.ovr-lﬂlulr.y utu ‘are indeed involucf I.a lnccinttc- ‘tr;:n:::, l poui- REEE
bh uphutton t'or Mt uhncd photohbql.ung tn che pr-uncc of .
luccinqu mld bc thl iuduud-ftt lodd. d“cuud La Chuptcr 1, rm-
nshl poutuhm ﬂut tho quhttnt. ucmi:ion -ito ¢£ & protdn or o

s)‘t ‘L mot tuuy lomd ia the abednas- of iu mbuma (28).\ In ochct

»
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vords, 'a&dition of succlﬂite-to tbrdic‘ubo’xyl&te transport prc;teinl

l

light induce :be fomtion of. theit subatnte/ bindi.u; attu to uke thu

more acceuible for photohbellina. Both nparnte and glutmte aluo
caused thh enhance-ent of bindlng to chc 35K and 29! protetnl and
fahibited binding ~oI :hc uhrtyl azldn ‘to the 67K:prote1n ln CB‘Nl
The lntter observation wis not urptiung in.the cala of upnrtqr.e

.aince Lt :ls also 'transpd::ed by the dicarquylate -yste- albeit leu

.efﬂ.c&ently than sucetn*e (10) novevet, the dicarboxylate tumport

»

syo_te,n has an nh’lo].\ue Toci.ficity for tvo carboxyl grOupé and chain

lengr.h 1&“&. subjtntest 80 glutmte ahould not ha'e lnhibtted photr

labeulng if succinatc hinding protelnn were iuvo‘lved (29)
N

A conc.lnsl\rc ldcntiﬂ‘l‘mon of any of tha bando l.belled by as-

partyﬁ izide fn the Vhole cells as’ SBPI or SBPZ was’ no.: pon!ble, fro- —-"

‘tha aBove~ resul.ts. ‘rhe ,-97!( pto:eiu uas a’ gnaJ ca.ncﬁdar.! for SBEZ u*nce

it was atse‘ht ln the d&A qu:an: t.LS bu: pruent m itw parcn:al

’
P X .

strdn cntéa‘ - The l.abeuins o!i l:i;l: proteln in csus vas cl.o lnhi- '
Mced By cuceih:e.‘ umnvct, the 671( ,proteln wao- only prmnt in’ Iow '

lweh; in LLS e.ven :hongh th'lb itnin harbom'ed tuo cOp‘ie. of the dcm

stne thoukht to code for S&PZ 630) Li l&dt{ioa, ‘t‘he sane protciua were

-, ' ’
..

Iabe.lled ln both LLS lnd I.b5 Rev, cven though the for-er ltuln vas

unable o tunnport -necinar.e, vhi.la r.he lattar -trun had reyimd thi. .

‘ nbnlty. Tht ulultc of ‘the sifintty chtmtognphy uudin of fMpter

3 dgo Jid aoc tndtcate ony dlffctencc bctwenn LLS andd LL5 Rev.\md. &

.

defect 1n’ a reguht.ory scna wu pootukl:cd u onc fbulbh :}ttor

‘n

Hcvorthéléu, tho lbunce of thn A7x protclg 1n Ll.3 Ludc to thc wnu-,..‘

tion that lt n) to chc 53[ protun tlut vc- tdnutivcl.y 1dcnt1£lcd by

‘the qtuduo tn Choptcn 2, 3 uld 4 a8 the dcu W produ:t. 8!!2._ Ic:

\




1s conceivable .that q,ttuch-nt of the upartyl uiic -ohj:y :o tbe S)&

‘.t‘l

protein uy have altered its mobility om SDS gcls as will be dnuc.uud
in Chaptct 6. .One of the reasons that the 47K bead was on‘.ly ddt.tctqi m S
uho-l.e cells ond vas not inteulnly hbcl,l.ed in the cytop“lnnLc -uhuno

'prepautlou may be that the vecicl.e ttudie.- uerc nq: -carried out ;mdgt:
. C
mrgutd coaditions. ia contrast to the wholé cell studies. ATfL~ *

&,

aity-labelling otudiu of -q-hranc vesicles cunmung the lac petkcn-,
chovcd éhat opcinl Lnbolli.ng of the carrier was not obcernd unlon- tgn‘
vulcl.u uere cnergi:ed with an electron dono?(St). These teonl.t.t éur

i guud that biuding of -aubotnte to the urcict wvas d:epcndcnt upon thc

coufomtion of the. protcln 1’ response to the ener& state’ of Ehe mes—
brane (32). L AU :
- Finally, ui"thcr th'e whble cell."[ ]-upartyl uidh trntport

L ?

nor thc photohbelung ltqdlu rexuled l:hc Lutucellulat locstton of .

-
. ".,

thc coﬂ.p:ly-bomd ltbol.- Thereforc. ic wao not cettain it .ny ot 111

'~of che h'bcllcd prouiu vou ;ho. -uhnna—bound tuuport co-pomnn.
. SBP}. and’ sun even t.bou.gh tho gomtic defects 1o the -utam:- affec'tcd

ﬁ'lnllocation of succinate across th)c cytopluuc unbrane. Stleqtive

- A -.

_dumpuon of phatolyud CB‘NS‘ allo Indicat.od that hbell.ed prbre.tu‘

were pnunt in -11 bf thc cutfcelluln tracuou (Pisure 16). This ob- )
‘e L
-carvation vas not, autprising oinc. the small -ol.ccu'lar utght of the n'-' o

partyl uidc vould probcbly cﬁahh it to on;qr the ccll via :hc porin e ‘

» 'chnmll of the outc? u-bum, ané its’ hydmphobic pbonyl 3toup ny

L3

have allowed it to. cro.i the cyeo'pla ;: lubrm ag il . The 671 pro—- ..

.’

tﬁm. anluq;l.ns 'r.tp cy.;opur

. lic ..bfam. 1ts prcu

ttou nay be oxpluud by
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CHAPTER VI

SUMMARY AND CONCLUSIONS D -

-

This thesis 1nvestigatgd the use of three different affinity tech-

niques for the isolation and identification of the cytoplasmic membrane
) ’ . » \
dicarboxylate transport compoaents .in Ev coli Kl12. Affiniey reagents ?

dé%igned to interZet with the substrate binding site of the succinate
transpoxt proteing were used for the preliminary identification and

enrichment of the tramnsport éompquents prior to subsequ¢nt purification

steps. The first method involved the affinity chromatography of deter-

gent-solubilized cytoplasmic membranes on aspartate-Sepharose columns.

‘This technique was used ie the initial studies on this transport system

to show that two separate membtane-bdund cémponenfs,.SBPl and SBPZ2,

might be involved in cytoplasmic membrane succinate transport (1,2).
Chapter 2 first dealt with optimizing the isolation, éélubilization‘and
affinity purification of the cytoplasmic membrane proteins. In addi-
tion, four_dlfferent:binding assays were eﬁployef to demonstrate the
succinate binding activity of affinity-purified proteins from the wild- °
type strgin, CBT43. The affinity chronatograﬁhy apPyoach was extende?

in Chapter 3 to include the selec¢tion and comparison of varlous succi-
\

nate trandport mutants with strain CBT43. Chapter 4 utilized a.novel

: . . . ¢
approach for the identification of the transport componentsg, namely

fmaunoblotting studies with antiidiotypic antibodies directed egainst

the antigen binding site of -‘nccinate(npar:a:‘c)-apecific IgG molecules.

"+ Fioally, Chapter 5 investigated the synthesis and usﬁ.of a photoaffinity
) . _

label, N-(4-azido~2-nitrophenyl)aspartic acid, for tramsport component

identification. The latter two techniques again involved the canpara-
o .

- *
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tive use of the affinity reagents in cytoplasmic membrane and/or whole
cell preparations from wild-type and transport-nutaﬁt strains.
~N

Table I summarizes the proteins that were idéntified or-isolated

by the various affinity techniques.' In particular, the protei% which

. -

was ‘identified by each technique to be deficient or absent in the dctA
mutant, LL3, "is noted by an asterisk. A conclusive identification of

any of the pfoteins in Table I as the cytoplasmic membrane transport
S

=
P »

coaponents, $§P1 qp SBPZ, cannot be made by considering the results from
any one affinity technique alone, since expefinental and conc¢eptual
difficulttes were encountered with each method. Hou;ver, when the re-
sults of the affinity Ehyoma:ography (Chapters 2 and 3) and.antiidio-
typlc antibody 1mmunoblott1&g (Chapter 4) studies are congiﬁeied to—
gether, the 53K protein emerges as a good candidate for the Eﬁiﬂ gene
prod&ct, SBP2. The evldence from Chapter 2 supporting this conclusion
includes the tight interaction of the 53K protein with the asparcaté-
Sepharose column and the use of two differen% binding assays t3 AEmon—
strate that this protein (along witﬁ the 42K protein) b;und 4 to 5 times
more succinate than the otﬁer affinity-purified proteins from CBT43.

The results of Chapter 2 are strengthened by the indication that the ’
levels of this 53K protein appeared to approxluate the dctA gene dosage
in .CBT43, Lﬁ3 and LL5 when membranes fron these three strains were ex—
amined by either the affinity chromatography or immunoblotting tech-
niques of Chgptq;s 3 and 4 respectively. ' Some of the other pr;teins {n
Table I were also common to two of the ;ffinity techniques, but the
evidence to support the involvement of any qf these proteins 1nvﬂuccl-

nate transport was not as convincing as for the 53K protein.

A co-pﬁié;52§;;::fen the 53K prdtein and ihg best-studied bac-
3
) -
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Table VI-I. E. coli proteins iaolated/identified by affinity tech-
niques. The molecular weights of the E. coli proteins that were 1iso-
lated or identified by affinity chtomatogrnphy (Chapters 2 and 3), anti-~
idiotypic antibody immunoblotting (Chapter 4) and photoaffinity label-,
ling (Chapter 5) respectively are summarized in this table.

* - indicates the protein in each technique that was decreased or absent
in etrain LL3 when compared to strain CBTA43.
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E. coli Proteins Isolated/Identified by Affinity Techntques

-~

~

3 - o ‘

7
Technique Molecular Weight of Proteins
: Daltons) ’
] Affinity 53K*, 42K, 35K, 17K
Chramatography \ - ,
Antiidiotypic T .73k, 53K*, 37K, 29K, 19.2K, 17K
-Antibody - -
.. Immunoblotting
Photoaffinity : 47K*, 35K, 29K
_ Labelling ) o
L A
~
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“terial transporter, the lactose permease, might be useful at this point.
'As discussed 1in Qhap:er'l, the lac:anf permease is a 46.5K Dalton poly-
peptide responsiblg for the active éransport of o{ and B galactosides
~across the cytoplasmic membrane of g:'sgii'(S). Discrepancies have been
noted between the molecular weight of the‘transporter derived from DNA
sequencing of the lac Y gene (46.5K) and the obserffg/moleculat weight
of the isclated permease on SDS gels (30K). At the present tiﬁe, there
is no exp}anation for these disparate observations (3). * Studtes with
isolated membrane vesid&eg have ®ndicated that both the initial bindi;g
of aubst;ate to the 1lac carrier'and ite transport across the menbrahe
involve the'prbtonnotive force, suggesting that energy-medtated confor-
mational chanRes oécur in the protein (4). The lac permease has been
purified a;;—;econstituted in an active form into E. coli liposomes
Qsing the non—-ionic detergent.octylglucoside (5,6). The proportion of @
active lac carrier that was reconstituted into the prbteoliposoﬁes was
reported by Wright gi_gl to ?e ?2 (7).
!P' The aspartate—Sepharose—purified 535 protein of this study was
nhou& by two different binding studies (P6DG éolumn, nitrocellulose

¢

filtration) in Chapter\?*to btad-cucclgate wi:h‘an activicy (7 to.81)

similar to that of the lac permease. Sifice these binding studies were
carried‘ou; with samples that.cqp:ained a 42K protein in addition to the
53K protein, the btnding'eff}ciincy‘thAt was obsefvéd may in fact have
been higher 1f the 53K protein was the only active species. Like the

lac permease, the activity of the 53K proteln, in terms of its aspar-

.

tate-Sepharose binding ability, was sensitive to the type of detergent

used for its extraction. Its binding to the affinity column was inohi-

“bited by octylglucoside and was best when either Tritom X=100 or CHAPS

v
-
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were used. In codtrast, octylglucoside extraction yielded the most ac-

tive preparations of‘the lac carrier protein, whereas Triton coapletely

dbalished its activity (7;Ty The confor;ation of the 53K proteiﬁ 12.3352

'in“t'he'me'mTane vesicle preparations or j..n whole cells also appeared to

affect the Qindiag ability ‘of -the various affinity techniques that were

employed. Whereas succinate-specific antiidiotypic antibodies were

shown in Chapter 4 to bind to the 53K protein when Kaback membrane ve- w

.
-

sicles were useg, binding'to this protein was not detected if Tritomn-
solubilized cytaoplasmic membranes were employed instead, even though
this latter type of preparation was used successfully as the starting
material for the affinity column studies of Chapters é and 3. Clearly,
th; above similarities and differences between the 53K protein and the

lac permease, namely .low binding efficiency, sensifivitylto detergents
N .
and dependence upon conformation and wmembrane energy state for activity,
-0 -gerve to emphasize the difficulties encountered in the std@y of membrane

.integral proteins. .

How then do the results of Ehe photoaffinity labelling studies

N of Chapter 5 fit. in with the results from the other two affinity tech-

niques? A 47K polypeptide was identified as the major proteim labelled
i{n CBT43 cells and photolabelling of this proteip was inhibited by suc-

cinate. The fact that this protein was absent in the dctA mutant, LL3,

*

‘Puggesied that it might be involved in succinate transport and, in fact,

-

aight be SBP2. However, this protein was preseat in relatively«*ow
amounts in LL5 and its spontaneous revertaant, LL5 Rev, the two\-trainn
which were diploid for the dctA gene, n?d theteéore di& not refle;t
thei; gsgé.gene dosage when compared to carai. Unlike the affinity

+ chromatography and imaunoblotting studies of Chapters 2, 3 and 4 which
e TN . :
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employed fractionated proteins, the 47K protein n;y not have been as
acceasible f9t binding with the photoaffinity label in the whole cells.
It is conceivable that the genetic defect (ESEE) in strains LL5 and LLS
Rev may have affected the appropriate membrane incorporation of the 47K
protein such that its conformation was not amenable for photolabelling.
Therefore, excess amounts of this protein may not have been detected in
these two ;trains. It has been observed by other investigators that the
conformation of some membrane proteins can be altered by various chemi-
cal or physical faetors. This altered conformation may in turn be
translated into an altered-electrophoretic mobility when the proteins
are exaniued;on SDS polyacrylamide gels. For example, the covalent
attachment of cytochélasin B to the human erythrocy;e~D-3lucose trans-
porter caused a change in protein conformation t?at resulted in an al-
tered elutioa\position during ion exchange chromatography (8). Another
example igg;pe E. coli.outer membrane OmpA or Tull* protein. This

protein has a uolecu}ar weight of 33K 'or: 28K Daltons on SDS gels de-

pending on, whether or not it has been boiled in the presence of SDS

prior to electrophoresis (9). Therefore, it 18 conceivable that the 47K

protein might in fact be a covalent .and/or hegt-modified (during photo-

'lysil).forn of the 53K protéln.:

-
-

If the 47K protein that wvas identified by the photolabelling

“~

ctui‘:s of Chapter’'5 is indeed the 53K protein, two other interesting

comparisons q}th the lac carrier protein might be made. 1The first is

that appreciable amounts of the 47K protein were only labelled in whole
cells, but not in Kaback -cnbrnne_veaiclel._ This observation might be
due to th§ rdlia;co of photolabel binding upon the.encégy state ;f the

cytoplasaic ncnbrie., similar to that seen for sudbstrate binding to the



-

lactoge carrier (4). Second, ereas éhotolabelling of the lac permease

did not affect its mobility op/ SDS gels, attachment of aspartyl azide
to the 53K protein may have shif;}d its apparent molecular weight to
47K Daltons, similar to the situations discussed above' for other mem—

brane proteins (8,9). However, withéut further supporting evidence, the

co-identity of the 53£ and 47K proteins i{s only a suggestion at this

ti;e. The ide;titiés of the 35K a?d 29K proteins that vé}g detecfed in
LL5 and LL5 Rev, and were only evident in CBT43 and LL3 in the presence
of succinate are also unknown. Since these proteins were also identi-

fied by ome of the other affinity techniques, a very cautious suggestion )

might be made that one or both of these broteins are also involved in
\

N

succinate granspOtt.
In conclusion, a firm identification of the 53K proteiq as the

SBP2 dicarboxylate transport component and the identification‘dfitﬁi-:

SBPL component await the results of cloning studies with th; dctA ands

dctB genes. At the present time, LL3 and LL5 strains that have been -

trénsformed with ColEl plasmids hatbouring‘\Qf dctA and dctB genes

-

respectively are being subcloned in an effort to isolate 8nd 1dent£fy

.
~

the genes (10). The advantages of these 3tud§es should Bé two-fold. An
increase&’copy number of the genes will hopefully lead to {ncreased ex-
pression of.khe‘gene products which will aid in the fdentification o§
the transport éomﬁonents‘in mini~ or whole cells. - In nddition; amplifi-
cation of the tramsport protein levels will aid Q& the 1golationlpf
these proteins fron the cransférnintl and will yield 1ncrénoed agounts
of the transport components for Hinding and photolagglling otudico.. The
’

genes for severgl other E. coli cytoplasmic membrane proteins have been

cloned to high copy number with varying degrees of success (11.12,13).\
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Increased expression of both the lactose permease (11) and the a subunit

of the F_ coaponent of the E. coli ATPase (12) were found to have fnhibi-
tory effects oo éell growth and survival. In the former case, the .
degree of growth inhibition was observed to be dependent upoan the copy
aumber of the gene (11?.. In contrast, elevation of the copy nunbe; of
the‘genes coding for the E. coli fumarate reductase led to a greater

than: 30~fold amplification of the enzxné, apparently without any dele-

. terious effects on the cells (¥3). Instead, the increased levels of .the

enzyme Wlre accomodated im novel iotracellular, membranous tubules.

Prel%-inary studies with the succinate tranQEOtt transformants have in-
dicated that the grouth of these straips is enhanced in comparison to
LL3 and LL5, and that the transformants appear to contain 1ntr§ce11ular
atructures siQilar to those observed for fumarate reductase overprod&c-
tdon (10).‘ The affioity techniques that have been deyeloped in this )
;hea4s wili hopefully aid in the identification ;nd isolation of the

succinate transport components from the dctA and dctB transformants.

-
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