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Abstract

The outer membrane and per1plasm1c protelns of
\Bhizghlum tglfglil ANU 843”and its mutants ANU 851 and

ANU 845(pRt150) were isolated and analyzed by polyacrylamlde
gel electrophores1s (PAGE). ANU 843 is the w11d type strain
which possesses-all. the characteristics necessary for
nitrogen fixation. ANU 851  has a transposon (Tn5) inserted
into the naodb gene of: the root hair curling region of the
symbiotic plasmid. It hasﬂlost its ability to cause root
“hair.curling and therefore can not form nodules and can not

- fixrpitrogen. ANU 845(pRt150) harbors only the 5.5 kb root
bhair curling region: of the pSym which is comprised of the
genes naodp, A, B, C. The band profile of the outer
-membrane proteins from the three strains are similar. These
proteins have molecular weights of 129, 48, 42, 38, 34,21,
and 20 kDa. In the case of the periplasmic proteins, ANU

843 and 851 exhibit the same protein proflle except for a

23 4 kDa proteln present in 851 but missing in 843. ANU
845(pRt150), on the other hand, has a 38 kDa proteln which

is absent in both 843 and 851. Also it is mlss1ng the 22

and 28 kpa protein found in both 843 and 851. ”

:Arstrain which contains the 14 kb nodulation region,
ANU 845(pRt032), was exposed to inducing materials in order
to study the expression of the nodulation genes. The
optimum conditions for induction were determined by using a
mu-lac mutant. ANU 845(pRt032)121 has a mu-lagc inserted

i



in nodA. When the root(ueir curling genes are expressed,
mu-lag is s1mu1taneous1y expressed, whlch leads to the
productlon of B-galactos1dase.ﬁ Inductlon 1s thus measured
by the extent of B-galactos1dase act1v1ty.h The maxlmum

1nduct10n occurs at early log phase of bacter1a1 growth.

- The outer membrane, perlbiasmlc and cytoplasmlc
protelns, extracellularpolyssachar1des (EPS), and
llpoplysaccharldes (LPS) of induced and noninduced ANU
845 (pRt032) were isolated and analyzed. The PAGE results
indicate induction of the 30, 29, 19, 17, and 16 kDa outer
membrane proteins. Several periplasmic proteins seemed to
be induced by apigenin, with the major differences noted in
the 87, 65, 56, 48, 32, and 20 kDa proteins. The profile of
the cytoplasmic proteins of the induced and noninduced are
similar except that there is an additional 19 kDa protein

and an enhancement of the 18.6 kDa protein in the induced.

The EPS compositions of the induced and noninduced are
similar, suggesting that EPS may not play a role in the root
hair curling process. Some small differences were noted on
the neutral components of the LPSs. Further work involving
structural analysis needs to be done to learn the

significance of those differences.
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INTRODUCTION

i Various microorganisms in the soil are able to convert
Al : : :

the dinitrogen from the air to ammonia. Some bacteria such
" e 4

'hs those belonging to the genera nggt;;g;um and

Bac fix nitrogen anaerobically while others such as
the A;gtghagtg; and Bh;ng;nm do s0 aerobically. The
process involv1ng Bh;ng;um 1s w1dely studied since it

inyolves the legumes which are useful to agriculture. It is
vﬁstimated that in peas and beans, the amount of nitrogen
which can be fixed range from 70 to 100 kg/ha/yr to

ﬁ@érf300 kg/ha/yr for clover and lucerne .(56). |

Hg o « . .
A symbiotic relationship exists 1n the nitrogen fixing

system of the gh;gggium and the legumes- the bacterium
‘(microsymbiont) prov1des the host plant (macrosymbiont) with
knitrogen as ammonia, while the plant supplies them with
carbon as products of photosynthes1s. Further, the
interaction 1s spec1f1c, such that a particular Rhizobium

g

‘ specres w111 only infect and form nodules on the roots of a

81

certain member of the Leguminosae. For example, Ra

t;;igl;; assocrates w1th clover while B_s mgl;lg;i

interacts selectively w1th alfalfa.

~ The establishment of an-effective symbiosis is
determined by the following stages of infection: (1)
attachment of bacteria to the root haIIS‘ (2) marked curling

L P

of the root ha1rs (commonly called shepherd's crook



ﬁhi;formatlon)-i(3lnlnyaglnation of the cell wall and consequent
fformatlon of the 1nfectlon thread (th1s serves as a conduit
Zfor bacterlal mlgratlon)- (4) penetratlon of the cortical
fcells by the 1nfectlon thread and release of the bacteria,
Mencased 1n a perlbacter01d membrane, into the cytoplasm;
%(5) reorganlzatlon of the cortlcal cells and dlfferentlatlon
.of the bacterla 1nto bacter01ds wh1ch produce the
‘nltrogenase enzyme that catalyzes the reductlon of

*“atmoSpheric N2 to NH3 (5,50,70) .

The spec1f1c1ty of 1nfect1on and nodulat1on, as in
‘other plant-mlcrobe 1nteract10ns, 1s determlned by a
recognltlon event Thls event was postulated as the
1nteract10n of a prote1n of one organlsm with a
carbohydrate-contalnlng molecule of the other (1).‘The
lectln medlated recognltlon hypothe51s has received much
:attent1on throughout the years. Lectlns are prote1ns that
b1nd select1ve1y to carbohydrates and are capable of
agglutlnatlng cells by cross—llnklng the receptors on
-adjacent cells (26). In general, they have a higher
affinity for oligosaccharide structures than they do for
monosaccharide structures. Thus, it can be inferred that
the binding sites for most lectins in wxivo consist of
several sugar residues linked together in & specific

configuration (4).

Lectins isolated,from either the seeds or_roots of the



legume host have been reported to bind to their respective
rhizobialfsymbionts.x.A partially purified soybean seed
lectin was shown to combine with the. infective (able to
nodulate) R. japonicum, the symbiont of soybean but not
to noninfective heterologous Rhizghia (11). In the R.

ii-clover system, lectin. isolated from white clover

binds to the common or cross-reactive antigens of the roots

and the surface of the nodulating bacteria (19).

on the other hand, there are some data downplaylng the
role of lectln recognltlon in spec1f1c1ty. For example,
soybean lect1n was also found to have an aff1n1ty for R.
legnmmaamm &.nhas.e.qu and&.mﬁg_u; all
of whlch are nonsymblonts of soybean (36). Moreover, there
are 1ect1ns whlch fa11 to b1nd to the symblont bacterla, and
lectlnless var1et1es of soybean whlch are still nodulated by
R. japaonicum. - Other experiments have also provided
additional evidence for a negative correlation between

specificity and lectin mediated recognition (55,75).

thijghia, uhich.are gram-neqatlve bacteria, possess
surface molecules‘which are largely implicated as
recognltlon 51tes‘for lectlns and as partlclpants in the
molecular ba51s of the 1nfectlon process. The surface
components that have drawn much attentlon for research are
the surface polysaccaharldes, namely, the |

l1popolysacchar1des (LPS), the exopolysaccharldes (EPS) , the

capsular polysaccharides (CPS), and the glucans (5,14).



' The LPSs isolated from fburrdifferent'species.of
o Lt s o :
phaseqli, and R. spp.) exhibited interactions with the
lectins isolated from their respective symbionts, while no
“interaction was 6bsérved‘with'the‘ndnstbionts (74). If LPS
is the determinant of specificity for lectin recognition,
then strains belonging to'a'cettain'spediéS'should have
‘similar LPS characteristics. However, compositionél and
immunochemical analyses of the LPSs from strains of three
species revealed differenceS'inﬁ¢6mp051tions and
imﬁunodominant sites among‘stfaihs'bf’oné:épecies, as well
as among species (13). It was sﬁggésted'thatlthis finding
doés not rule out the possibility of host specificity since

alteration of the polysaccharide may occur during symbiosis.

>_The CPS and EPS have been emphasized heavily as the
:eceptors.for white clover lectins. The lectin, trifoliin
A, is thought to anchor the rhizobial cells to the root
hairs by cross-bridging_the common antigenic sites in the
CPS/EPS and that on the roots (22). The binding is
inhibited byithe haﬁténySUgargi—éééxyéiﬁCOéé, suggesting
éhét'the’receptor'mélecule posseéSés a similar structure
éapabié of éccOmOdating the trifoliin. Since lectin is
implicated in the rééognition; such a model implies that
atéaéﬁment'ahd"tecOghiEidn'are a unified process. Whether

thiéiis S0 remains an open question.



-Reports:. indicate that the lectin binding ability of the
polysaccharides is a functioh of the culture age. The LPS
isolated fromnB; trifolii 0403 in the early stationary
phase bindefgreater amounts of trifoliin A than the one
derived from-cells in the exponential phase (21). Increases
in the relative composition of some glycosyl components were
‘also noted, and that an unusual sugar, quinovosamine
' (2-amino-2,6-dideoxyhexose) was present. The CPSs were also
- . shown to undergo chahges in composition and lectin affinity
as the culture aged. R. trifglii 0403 CPS isolated from
a' 5 day old culture had the highest trifoliin binding
ability compared to 3, 17, and 14 day old cultures (68).
Changes in the levels of uronic ac1ds, pyruvate, and
O—acetyl groups were also observed. Two stralns of R.
japonicum (strains 110 and 138), d1sp1ayed a similar
tran51ent recept1v1ty for lectins (3). Compositional
ana1y81s revealed that the galactose units of the CPS and
the EPS become methylated at the 4—p051t10n of galactose in

the late exponent1al phase.

The role of CP§ and EPS- in the other stages of
infection such as root hair.curling,. ehepherd's crook
formation, and nodulation has also been examined. An R.
leguminosarum mutant, called Exo-1, which has lost its
ability to produce copious amounts of EPS, failed to
nodulate peas, its normal host (64). Characterization of

three new mutants 1ndlcated that a decrease in the EPS



production and in the number of encapsulated cells caused a
reduction in the efficiency of root hair curling and
vnodulation, and blocked the formation of the 1nfection
thread (49). An 1nterest1ng phenomenon was observed in the
case of B‘ nhgﬁggl; mutants which are def1c1ent in EPS
‘as shown by its 1nab111ty to bind Calcofluor (a fluorescent
stain for beta-linked polysacchar1des)_(69).‘ These mutants
elicited nodule formation but did not form infection
threads. The nodules, however;'were ineffective and did not
contain symbiont bacteria. Presumably, the event is the
»result of incomplete recognition between the host and the

bacterium due to alterations in the cell surface (69).

_ The pos31b111ty that buter membrane proteins may also
Abe 1nvolved in the host-bacterial cell surface 1nteraction
has received_only‘ meagervattention. Little is known about
the‘proteins of.the §hizghia + in contrast to the mass of
information.that has been accumulated regarding those of
‘other Gram-negatiue bacteria, Several outer membrane
proteins of ﬁ, ggl; and other enteric bacteria have been
1dent1f1ed, characterized, and their functions determined.
Among these are the lipoproteins, enzymes, phage receptors,
;the ompA, the general diffusion pore proteins ompF and ompC,

and various others (43).

" Autoradiography done on the cell envelope of E.

¢oli revealed that the ompA proteins are concentrated at



the poles (8). A look ‘into the attachment of the rod-shaped
thizobial cells on the roots of the host plant indicates
that it oc¢ccurs in a polar fashion (22). Thus, one may
speculate that 1f analogous protelns are present in the
‘Bhlzghinm they may s1m11arly be concentrated at the
poles, and can therefore play a role 1n the attachment
.process by 1tse1f or in cooperatlon w1th other molecules.
Th1s 1s presumably the case for those mutants wh1ch are
deflclent in CPS and yet were able to b1nd to the roots and
e infectlve. The functlon ascrlbed to the ompA protein is
that of ma1nta1n1ng the structural 1ntegr1ty of the outer

'membrane as well as the rod shape of the cell.

The general diffusion<pore protelns (porins), ompC and
ompF, also called matrlx protelns due to thelr assoc1at10n
w1th the peptldoglycan, are water-fllled pores whlch allow
the passage of nutrlents and other solutes of M up to
approxlmately 600 (48). These protelns, as well as the ompA
proteln, requlre LPS for blolog1cal act1v1ty (43).
Alteratlons in the LPS may therefore hamper the normal
functlonlng of these por1ns and consequently affect the
v1ab111ty of the cell. Malntenance of the surface structure
has also been attrlbuted to ompC and ompF proteins. E.
ggli cells lacklng these components were found to be
unstable as shown when treatment with 20 mM Tris buffer
caused surface deformatlon (47). If the Rhizobium

possesses similar proteins, this may suggest that viability



ﬁ@hélﬁo;a CQHsequenge«ofgthe_cooperative_activity of the LPS
and.the porins, and -that invasiveness is abeted by

ﬁ&@pilization.pf;thevsurface,

Ui L

Another porin, called protein K, has been llnked to
the translocation of CPS in E. coli K1 (73). TIts
ﬁppéaréhbe'Was coincidental with the initial expression of
%éiéﬁééﬁéaie.”lii was suggested that insertion of protein K
facilitates the translocation of the CPS by stabilizing the
‘sones of adhesion - the discreté sites where the inner and
buter membrane come into'contact during export of LPS and

ﬁossibiy CPS.
- | ' U A

Between the outer and the inner membrane is the
periplasmic spéce which contains proteins and
ﬂ,pligosaccharides (4},48). One_classkoﬁ{p;pteins has the
ability to degrade or modify harmful substances such as
antibioticsrand heavy metals. Similar proteins may be
intrinsic to the Rhizobium, and be partly fesponsible for
iavefcbmihg the host's defenses by modifying the toxins
§éié£§éd‘as a response to infection. The other two classes
are the binding proteins which have affinity for nutrients
ilké”éugais; amino acids or ions; and proteins which have
catabolic funCtion:‘they convert solutes for which no
‘fiéhs§Ort system is available into a form that is

ffaﬁéportablé into the cytéplasm;

... A thorough understanding of the infection process



requires: a knowledqerof‘hoﬁ>thefgeneticwmakenup-of both the
host and: the: bacteria control the attendant events. The
tools of molecular genetics have made it possible to
‘manipulate the symbionts to give a characteristic perturbed

response affecting the events of ‘infection. Introduction of

- mutations to a particular region of the genome yields

. phenotypes that are distinct from the parents. Thus,
correlation is established among genetic functions and
symbiotic phenotypes. Mutations in the bacteria can be
obtained using chemical mutagens such as ethylmethane
sulfonate (EMS), and N-methyl-N'-n1tro-N-nltrosoguanldlne,
by 1nsert1on mutagenes!srthrough 1ntegrat10n of the phage Mu
and theMtransposons- TnS, Tn7, etc., and by deletlons. Heat
Curlng and treatment w1th acr1d1ne dyes are also employed to

g1ve a severe mutatlon by e11m1nat1ng extrachromosomal DNA,

'known as plasm1ds (33)

: « » Transposon mutagenesis has been .very useful and
@gnsidered accurate since it produces a genetically well
defined mutant (59). Another advantage is that the mutants
are conferred with an antibiotic resistance carried by the
transposon which facilitates their selection. The most
widely used transposon in Rhizohium genetic studies is the
!nSanThis:transposable element is ‘5.4 Kb, confers kanamycin
resistance, (KF), and is stable once inserted into
chromosomes or plasmids (9). Tn5 transposition gives

mutants that are affected in their ability to form nodules



(Rod ) and ‘to fix dinitrogen (Fix ). 'Its insertion can
~arrest the infection process at an ‘early stage if it

destroys the bacteria's ability to cause root hair curling
(Bac ). Symbiotic defects that are located between the
stage of root hair curling and nitrogen fixation can also be
créated. Tn5 mutants that can induce slow nodule

- development (NAv) and early development of superficially
normal nodules lacking nitrogenase activity (sna”) have

beéen reported for R, phaseéli (51).

Oﬁé way of obtaining a transposon mutation in a desired
location is by site-directed mutageriesis (62). The DNA
region to be mutated is isolated freom the bacteria and
combined with a vector plasmid. The recombinant plasmid is
then cloned in E. ¢oli.: Phage lambda tagged with Tn5
tA::T™n8) is allowed to infect E. ¢coli cells and the
plasmids where the Tn5 was integrated are isolated and
treated with restriction enzymes such as EcCQRI, HindIII,
ngllli,»ﬂgmnr,~etc;‘ To locate the site of insertions,
fragments are hybridized with radioactively-labelled Tn5 and
' geperated by gel electrophoresis. The fragments bearing the
transposon are recloned into a conjugative cloning plasmid
that confers resitance to some other antibibtic, say
»tetracycline'(Tcr).'fThe conjugative recombinant plasmid
is mobilized into the Rhizobium and a process called
hOmology-dependent»fecombination occurs. This is a

crossover between the normal DNA and that flanking the Tn5

10



‘and its homolog ‘in the genome, resulting in the transfer of
~Tn5.atvaalOW«frequeney; - The colonies are screened for both
‘kanamycin and tetracycline resistance. Those that are Kt
vand Tc are mated with another plasmld incompatible with

'the f1rst con3ugat1ve vector, to check whether the TnS is
kactually 1ncorporated in the genome. Productlon of colonles
that are K but are tetracllne sens1t1ve (Tc ),

1nd1cates that the f1rst conjugatlve vector was destroyed
'and that res1stance to kanamyc1n is due to the Tn5 inserted

1nto the genome.

A similar method is by.the."reverse genetic approach”

{60) .  The region of interest is subcloned into a multicopy
»plasmid (carbenicillin resistant, C:)vand%replicated in
Es coli. The recombinant plasmid is mobilized into

another strain of E. goli which is resistant to low
levels of kanamycin due to the presence of Tn5 in its
chromosome.. - The multicopy plasmid causes the Tn5 to be
disintegrated from the chromosome and be inserted into
itself. Such insertion gives rise to a high level of
resistance to kanamycin and becomes the basis of selection.
The plasmid carrying the Tn5 is then mobilized from E.
ggki“to the wild-type Bhizobium where homologous
recomblnatlon and destructlon of the clonlng vector occurs;
Kanamyc1n re81stant transconjugants are tested for

arben1c1111n sens1t1v1ty to ensure that the vector 1s

destroyed and therefore K' is only due to Tn5 insertion

11



imwo the w11d-type genome. The mutants generated by both

”N W!\h uf

Tﬁthods are assayed on the hosts to determlne the symbiotic
bt o e :

y enotype.

| v host speczflclty, nodulation, and
matrogen fixation genes are encoded on the symbiotic

.‘y lasmid (pSym). Transfer of the pSym.or a segment of it
»ﬂQO~a speciea,to‘the other may result in the broadening of
mﬁgu-rangeu(IO,BO)‘ It has .also been shown that the
nodulatlon (nad) genes can be expressed when transferred

to stralns belong1ng to dlfferent genera such as E.

cnli ngnnhaster and Eagudgmonas (54). Although

symb1051s ‘seems to be regulated in the pSym, some data point
out the 1nvolvement of chromosomalwgenes as well (51) . The
byngd and the n1trogenase (nif) genes are both on the

pSyms of the fast-grow1ng Bhizgh;a B; trifolii (66),

‘B‘ mgl;lg;i (34), and B‘ lggnm;ngsa;um (24) .

Sequence homology'in the nod, fix, and pif genes has

been established among rhizobial species (31). Homology is
also present in the nif genes of Rhizobia and the

free-living nitrogen fixer Klebsiella pneumoniae. This

has been the basis for the identification and isolation of

psymo

Mutatlons induced by ‘Tn5 can be corrected by
1ntroduc1ng cloned genes from the wlld-type stra1n. For
example, non-nodulat1ng mutants of R. meliloti restore

the1r ability to nodulate alfalfa when regions of the

12



w1ld type pSym conta1n1ng the nodulatlon geneslare mob111zed
rnto them (37). Genes from one spec1es can also correct for
the phenotyplc defects of another spec1es (23 34,39). A

Nod /mutant of B* mgl;lgt; regalns 1ts nodulatlng

'ablllty when a 14 Kb ﬂ;ndIII fragment from Ra trifolii
pSym, wh1ch contalns all the 1nformat10n necessary to

‘nodulate clover, is used to complement the defect. Such

genes are de51gnated as common ngd genes (34 39).

A region of the ngd genes that is shown to be
functlonally conserved among spec1es is the one respons1ble
for root ha1r curllng (39). Thls reglon cons1sts of four
genes de51gnated as ngdA B, C, and D. ugdA B, and C
}are adJacent to each other and are or1ented 1n the same
‘d1rect10n. They may be transcrlbed 1nto messenger RNA as a
:nnit. The nng gene 1s next to ngdA but is orlented in

the opp051te d1rectlon and is transcrlbed separately (45)

A method has been devised to study the expression and
‘regulation of:ngd;genes'(7l). Phage Mu fused with the lac
gene from E, gglizis inserted into either nodA, B,

C, or D. The insertion induces mutations by inactivating
‘the 'genes, and in R, trifolii, phenotypes were similar‘

‘to those obtained by TnS5 transposition (29). In this case,
the ‘expression of }lac? (production of B-galactosidase) is
‘now under the control of the upstream promoters, and so the

levels ‘of expression of ngdA, B, C, or D can be measured

13



-indirectly by assaying for the B-galactosidase activity. It
has ' been shown that exposure to:legumes or to their exudates
‘stimulates the expression of the nodulation genes (i.e.
increases B-galactosidase activity): NodD, is always
‘expressed at- high levels: ‘even when the bacteria are not.
interacting with the legume host:i.e. those” that are grown
in’ standard laboratory media (29). In: contrast, the
expression of nodA, B, and C genes requires the plant

factor and the product of pnodbd (29,40).

The work described in this thesis is a comparative study
of the outer membrane proteins, periplasmic proteins, acidic
EPS, and LPS of R. trifolii strains (Table 1). The
parent strain ANU 843 and two mutant strains - ANU 851 and
ANU 845(pRt150) - were analyzed for their outer membrane and
periplasmic proteins. ANU 843 is the wild-type (Noa*

Fix+), ANU 851 has a Tn5 insertion in nggn of the root

hair curling region (Hac , Nod ), and ANU845(pRt150) is

the wild-type cured of its symbiosis plasmid (pSym ) but

with 5.5-kb BglII fragment (the root hair curling region)
integrated in the multicopy plasmid pRt150 (Fig. 1). This
strain causes intensive root hair curling (Bac*™) but does
not nodulate (Nod ). One strain, ANU 845 (pRt032), also
pSym-, and contains the 14-kb HindIII nodulation region

in the multicopy plasmid pRt032 (Fig. 1), was exposed to
extracts from white clover. The'periplasmic and outer

membrane proteins, acidic EPS, and LPS were compared to one

14



grown without white clover extracts. Our aim was to harvest
the bacteria at a point where the nodulation genes are
expressed at thelr maxlmum. In this regard, ANU 845
(pRt032)121, with m1n1-Mu lac transpos1t10n in nodA

(nodA::Mu dIl734) was used to measure levels of gene
expression via B—galectpsidase activity. ANU 845 (pRt032)

was then harvested at an optical density similar to that of
ANU 845 (pRt032)121 where Bégalacfosidase activity is at the

maximum.

15
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Table 1. Relevant characteristics of the Bhizobium strains

Strain Genotype Bhenotype Antibiotic Resistance
ANU 843 wild type i Hac+,-"Nod+ kan®, st:repB
ANU 851 Tn5::nodD " Hac , Nod~ kan®, strepf
ANU 845 (pRt150) 5.5 kb Hac R . .
region of pSym Hac ', Nod: kan™, strep

ANU 845 (pRt032) 14 kb Nod . e .

‘ region of pSym Hac ', Nod carb,
ANU 845(pRt032)121 Hac~, Nod~ kan®

Mu dIl734::nodA

e B B T i e - P

kan= kanamyc1n,)strep-streptomy01n,.carb-carbenlcllln, Hac=root hair curllng,
Nod=nodu1ates ) . : .
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B et



el Do @ sl Ment  RRPERIMERPAL ¢

I. Bacteris without: exposu ure to plant material =

’a"-‘

Bacterial strains. ANU 843 and 1ts mutants ANU 851 and

ANU 845(pRt150) were obtained from Barry G. Rolfe of
,Australian National Univer31ty. The strains were maintained
' EURER I 537 SR R Rt HaEr T PR TN

on. solid New Modified Bergensen swmedium (NMB, Appendix l)

3 *'».‘m FRID R B A B . . irrow

iat 4 C. PR i W
Growth conditions. The bacteria were grown in’' NMB, either
as ‘8L'or 0.5L batcKes. Initially, the bacteris were ":
intréduced into’four 125-mL ‘starter flaoks'con€aining 46 mL
sterile NMB. The flasks wére 'placed on 'a ‘shdker (125 rpm)
and the bacﬁaria%ﬁerefallowedﬂtoﬂﬁfawfﬁbﬁstiﬁibﬁéfy~phase (4
days) at room temperature. -For' thesBL‘batchhéultﬁte, ‘the -
conténts of ‘the flasks wéré inoculated into ‘& glass jar
(Pyrex): .containing 8 liters ‘of stérilited ‘wedium ard the
culture was aetated by bubbling filter sterilizéd afr. In
the case of the 0.5L batch culture, 5 to 8 ml’'of the starter
culture was used, Growth was '-emoniéro“red Exi ‘Mdaduring the
éptiealfdensityfst~820nn; At the ‘early stationary phase,
the bacteria were ‘harvested by ‘céntrifugstion in either a
Sorvall 8§S-3 or SS-4 centrifuge at 16,000 x g (10,000 rpm,

Sorvall GSA rotor) for 20 minutes atg4 C.i‘?he‘bacterial

P
o £ SREERT SRR SR A

pellets were collected into a vial and stored in the freezer

s i e Ly
B ;fIvA&"“- : e

( 20°C) until use. d o



Isolation of Cell Membrane. The freezing and thawing
procedure(65) was used withfminor @odifications,A The cells
were frozen in liquid n;prbgen”athyere ground»into a powder
using mortar and pestle. .The frdzen_pqwdgg was placed in
0.02 M Tris bu;fer, pH 7,8,‘containigg}5mH‘EDTA ' 0.25M
sucrose, and 0.5 mg/ml of lysozyme such that cell weight was
30% of final volume. _Next,‘the sgspeqsion_was_shéll frozen
inaliguid qi;rggen7aqd_wgs,then,thawed in warm water until
ﬁhe ice had just melted. The thawed material was mixed with
ten volumes of cold 0.02M Tris buffer, pH 7.8, containing
0.50mM MgClz, and 0.03-0.05 mg deoxyribonuclease per ml.

To shear the DNA ard disperse the cells, the material was
treated immediately in a laboratory blender for about 20s.
Removal of unbroken cells was GOne°by ééntfifugation at

5,000 x g for 5 min. The supernatant was decanted and saved
in the coldroom (4°C) while the pellet (unbroken cells)

was again ground and 1ater suspended in the original
_supernatant, The resulting suspension was treated in the
laboratory blender and centrifuged. This treatment of the
unbroken cells was.repegted_two_times. vAftgr the second
treatment the supernatant was centrifuged at 27.009 x g for
20 min._ The pellet consisted of the bacterial cell

envelope.

Separation of the outer memberane from the inner membrane.
A modified sucrose'gradient‘centtlfugation (53,65) was used

to isolate the outer membrane from the inner membrane. The

19



;envelopes: were: suspended in 25% sucrose (w/w) solution

fAe«aining 3.3mM Tris; 5mM EDTA, pH 7.5. One milliliter was

F? T{of 35%;,:.40%, 45%, 50%, and 55% sucrose solutions (w/w)
}Al'containingJSmujBDEA}pr,l.Sg,Centrifugation was carried

%1n a Beckman Model L3-50. ultracentrifuge at 82,000 x g,

ﬁ#ter changes, and then lyophilized.

'
Clerinetric Assays. Prote1n content was determined by

the method of Lowry (42, Appendlx 9) using bovine serum

FOE
albumin as the standard. The percentage KDO in the

jmmbranes was analyzed as described in Appendix 8 (72).
¢Authentic KDO.purchaaed from Sigma: Chemicals, was used as

the standard.

&sbiatien of periplaelic membrane. A medified‘method of
‘Anes et al.:(2, Appendix 4) was used to release the
periplasmic proteins. The original procedure uses 2mL of
bacteria grown to saturation. Our experiments involved the
use of 500 ml.offbacteria and so to correct the discrepancy,
-reagents were scaled up accordingly. In this method
chloroform was used as a 'shocking' agent which
permiabillzes the cells and releases the perlplasmlc

proteins.

20



§bS—gé1 electrophoresis. Samples equivalent to 150

icrogram outer membrane.“prdteinébénd 200 microgram
pefiplaémié’prbﬁeins‘Wéré‘aiésolved reépégtively in 20
ﬁiérbiitefé SDS buffer (0.16 M Tris, pH 6.8; 0.03 M sucrose;
éi‘SDé ?w7655105025% (w/v) bromphenol blué; 5% (v/v)
mercaptoethanol). The samples were boiled for either 5 min
fperiﬁiasmib7ior 3 min (outer mémbrane) and then introduced
into a Elaﬁlgéiﬂfdtméa in a ﬁQéffet electrophoresis unit.
Electrophoresis was carried out by the method of Laemmli
{35). Proteins were stained with coomassie blue. The

details of the procedure are given in Appendix 6.

II. B. trifolii Exposed to Plant Material

hactétilil'Strains._ ANU 845(pRt032) and the lac mutant
ANU 845 (pRt032)12] were obtained from Roger Innes of the
University of Colorado. The former igzrggistant.qQ
carbenicillin and the latter to kanamycin. Both strains

were maintained on NMB slants at 4°c.

Growth conditions. ‘Bacéeria [ANU 845 (pRt032)] were grown

in Nué, in 0.5 L or 8 L batches. The growth conditions were
identical to those of ANU 845(pRt032)121, and were

determined by several experiments using white clover

extracts or apigénin for induction (discussed below).

Plant Extract. White clover seeds were surface sterilized

(58) prior to‘getm;n;tiog, _ihe_seeds were first

21



washed with sterile deionized water and then with 80%
ethanol’ for 355 min’ "{n sterile 125-mL flasks.'They were
rinsed 3 tfmes with deioni;ed water and treated with 40%
bléach’ (40 mL in 60 mL deionized water) for 15 min. The
flasks were frequently gwirled .to assure sufficient: seed
sucface gontagt .with the . liquids. . Finally. the seeds were
wvaghed 3 times with sterile deiopized watex until the .odor -

of, the bleach was nq Jlonger:.evident. .- ~o  oruinsio

@he seeds were spread on moistened paper towels laid in

a plastic container;'and’then covered with m01stened

e

§paper towels. The cover of ‘the container was replaced and
the assembly was put in é éherer controlled environment
chamber. = The 1ight/dark schedule was 18 hr/6 hr and the

day/night temperature was 22°C/19°C (58).

W
[ :

ﬁ,Afte;.sewenndaysr,qne;half,of:the;cloverrplants.;
(ca; 134g) . were: frozen. in. liguid nitrogen and ground into a :
powder, The powder was: suspended in 100 mL- deionized water,
poured into Spectrapor dialysis tubing (M.W. cut off:
12 000- 13,0007 ‘and dialyzed against deionized water for 26
hrs. The dialysate was’ concentrated by roto-evaporation and
then freeze-dried. This material was called WCE-D.l The h
other half of the plants (ca 1389) was suspended in l 000 mL
éof 40% ‘ethanol and was stirred at room temperature ‘for 2.5
%hrs.: Clover plants were separated from the liquid by
%filtering on;cheesecloth.3The;giltrate‘waﬁ;passedsthrough a
qualitative filter paper to zemove.any debris. The liquid

22
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ftaining the clover extract),wag. concentrated by

gkysevaporation and then freeze-dried, This extract was

ed WCE-El, . .
Span oo T SEaE SRS

¥

1

I tﬁi;&&té: “fhis time the seeds wetd d@llowed to germinate for

- U;L‘ %1‘L< S

‘IN anotheéfr case, seéeds weré Burfacéd sterilized and

ﬁﬁ‘éd“fé‘éit'in’éééiilé*déiéﬁiﬁéd?ﬁé&éf1Svééﬁiéﬁ€i' They

#fé ringed 4 tinds before spreading on wet papér towels as

| 2 days only in the dark. BApproximately 210 g of sprouts
Wgte recovered and extracted in 408 ethanol for 4 hrs. The
gt#gnol was used such that it was enough to cover the
ﬁpgouts (ca 405 mL) during extraction. Filtration
Agggg?dg;egwwgpg as before.. The extract was concentrated
almost to dryness (until syrupy), diluted in 125 mL of
‘vater, and centrifuged to remove debris. It was passed
successively through 0.8 and 0.45 um millipore filters
"Beforé betng F11ter sterilized in'a N&Igéné ‘filtration unit

€0:22um) . This material was labellea WCE-E2.

eE¥anl L R L ! e

Test for 1nducing ability of the extracts, §glggipnsa
{1.mg/mL) of both WCE-D and WCE-El extracts were made in

» q;iqqigedeatgg and TM media (Appendix 2) respectively. The
solutions were filter sterilized through Nalgene disposable
| filterware, ‘and then stored in thé freéier ‘anitil use. Ko

Ty s s

‘ Flitther handlinq was done with wcz-ﬁi

Erain

» ;“ﬁﬁgug¥845(23;033)131 was ggown‘tgygggtionary phase
-(Q Dtszo 1. 7) in 4Q QL»NHB auPPlemgnth uith 2 mg

R
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kanamycin. Pour tenths (0.4) mL was transfered into 40 mkL
of TM and the bacteria were allowed to grow until the

0. D.620 was about 0 40. To 1. , 8 ml of WCE-D and WCE-El
solutions (1 e. WCE-D in TM and deionized water- WCE El in
™ and deionized water), 0. 2 mL of bacteria was added and
incubated for periods of 6. 5 or 8 5 hrs.f Induction was

determined using the B-galactosidase assay (46, Appendix 3).

For WCE-E2 induction anaylsis, ANU 845(PRt032)121 from
the stationary phase was grown in TM/Kan overnight
(0.D. 6490 0. 1 0.2), and to 2 5 mL was added 20 uL of
WCE-E2.: The cultures were allowed to Slt at room
temperature and assayed for 1nduction after 3 and 6 hrs.
The controls (bacter1a1 samples without plant material

added):were treated in the same manner.

Optimum conditions for maximum expression of the nad \
genes. _Theigoal of the following experiments was to
establish the proper growth conditions for growing

ANU 845(pRt032), such that tne bacteria can be harvested at
a time yhenithenodulatipn:gengs are expressedlto tne

fullest extent.

Two types of inducing materials were used. The first
one was WCE-E2 which was found to have the highest inducing
ability among the white clover extracts (discussed in the
'Results'). The second one was apigenin

(4',5,7-trihydroxyflavone) purchased'fromaSigma‘Chemicals,

24



which is similar to the main induding compound isolated from
ﬁhité éiové£(4:,7-dfhyd£oxyfiavohe) (61)1 |

- ANU 845(pRt032)121 was grown to stationary phase in NMB
-supplemented with kanamycin..ln,the;first experiment, 80 mL
~of stationary phase bacteria were added to 8 L of TM medium
_contained,in two pyrex glass jars. The cultures were
allowedato;incubateuovernight~(O.Diszo .251 and .224).
To 1 jar, 60 mL of WCE-E2 were added as the inducing

~material.

;In;thersecbnd ekperiméﬁt, 80 mL of4s£$£ibnary phase
bééﬁéria.kaépaddedbfo éLﬂbffNﬁB in fﬁo'jafé. Apigenin
‘£30 mé); dissolved in 1 mL of deionized water and 1 mL of
-ethanol with 1-drop of NaOH, was added to one of the two
batches of bacteria. At various time periods;, 2 mL of
induced andAnoniﬁduced bacteria»was assayed for

B-galactosidase activity.

The 1as£ experimeht which was designed for 0.5 L
batches, also used apigenin as the inducer. Since apiéenin
dissolves in mildly basic solutions, 6 N NaOH was added to
the resulting 1 mg/ml aquedus solution. This solution was
then passed through a Sweeny filter (0.22 um) for
sterilization. To 0.5 L of NMB just inoculated with 5 ml of
stationary phase bacteria, 1.5 ml of apigenin was added.

The control (noninduced) was incubated simultaneously and

B-galactosidase activity measured at various time periods.
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*pigenxn as the inducer. Elghty (80) mL of stationary

phase bacteria were added to 8 L of NMB.. Apigenln (30mg)
dlssolved in a mlxture of 1 mL of ethanol 1 ml of water,

and 1 drop of NaOH was added for 1nductxon.' The conttol

~was grown simultaneously and both were harvested when the

: GZDtébb-was*0.33@‘0;450&*“T0épzevenb*fukther
éiowth;*the%bactefia“ﬁere placed in an ice bath and pelleted
by centrxfugatlon at 7 970 X g - 13 200 x g for 20 min. For
the 0 5 L batches, 5 mL of statlonary phase bacterla were
added and 1 5 mL of al mg/mL of a basic solution of “

_apigenln was used to give a final concentratlon of 3

microgram per mL.

Isolation of outer membrane and cytoplasmic membrane.
The‘freezing and thawing procedurei%as'hseaito obtain the
ce11 envelope. Thls was followed by sucrose gradxent
rcentrlfugatlon to separate the two membranes ( these |

~ procedures were dicussed lp part I).

Isolation of periplasmic proteins. ' Two methods were used

“to obtain the periplasmic proteins. One is that of Ames et
al., as previously mentioned, and the other is by Lugtenberg
(44, Appendix 5). In the chloroform shock method of Ames,
the amount of each reagent was also adjusted with respect to

 growth conditions. The original procedure uses bacteria in

‘the stationary pbase,‘while~our expetimentlused bacteria in

the early log phase. These discrepancies were compensated
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where 0. D. ’ the optical density of the bacteria

early log - n
at early log phase of growth- and 0 D'sat' the optical

\ x By

den51ty at the stationary phase.}”“A

1

) %he method developed by Lugtenberg is one used for

isolating the periplasmic proteins of B; 1ggnm1nggggnm
strains (44, Appendix 5).“ Cells were suspended in Tris

buffer containing 0 5§ M sucrose and lysozyme. Incubation
for 30 m1n releases the periplasmic materials. After a
centrifugation, the supernatant was treated with | |

trichloroacetic acid (TCA) to precipitate the proteins. L

BRI e RGE

;solqtiongpf_qytoplasnic proteins. Cells recovered after

periplasmic extraction by the method of Lugtenberg were

suspended in 50 mM Tris, pH 8 0, and treated “in the Warring

oo v eRVEDT LA
hlender for 10 8. The homogenized suspension was sonicated

for 1 min using Biosonik T (Bronwill) at 708 maximum

¥y kg

power. Sonication was executed in 30 8 bursts, with 30 s

rest period in between. To remove‘unbroken cells, the

4

suspension was centrifuged at 12 100 Xxg for 20 min.’ The

supernataht ‘was’ diluted with 50 mH Trfs and ‘made 0. 2 M in

]

KCl. It was then centrifuged in a Beckman L3- 50 J

AAAAAA

cheren i



the cell envelope. The supernatant conta1n1ng the
cytoolasnlc protelns was decanted and the proterns
'prec1p1tated w1th 2 volumes of 5% TCA, whlch was added
slowly 1n the cold room.“ The resultlng cloudy solution was
st1rred for 1 hr and then centrifuged at 12,100 x g for 1 |

hf; The whlte proteln prec1p1tate was washed w1th ethyl

ether, 1yobhilized, and later dlssolved in SDS-buffer. .

i oF r)vn o LS .3 X T s b
CED L Ve L LY s RS e . LA ; i SRR RN T

SDS~gel electrophoresis. = The periplasmic and the :
cytoplasmic proteins obtained by the method: of. Lugtenberg
were: analyxed directly by.polyacrylamide gel electrophoresis
(PAGE) while the periplasmic materials isolated by the
chloroform 'shock' method were dissolved in deionized water
lllng/nl; and‘then assayed for‘proteln‘content. Materlal
equlvalent to 100 ug proteln was then dissolved in the

SDS-buffer and analyzed by PAGE. The PAGE methods described

above were used. "

. Isolatiom of EPS. After centrifuging the cells, the
‘supernatant was concentrated in-a. rotorx—-ewcpo;atmé; angd -
treated with 3 volumes of.ethanel to precipitate the EPS.
The EPS. was collected (fished out.with rubbes policeman),
drained, dissolved in: dejonized B,0, poured into
Spectrapoxr dialysisctubing (M.W, cut off: 12,000-14,000),
and: dialysed . against 3. changes of deionized water. After .
dialysis, the solution :_was»dilutedwith deioniged Hzo;and
wags made 10 mM in Nay50,5: Three vpercent; P
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- cetyltrimethylammonium bromide (CTAB) was added dropwise,

and the material ‘was allowed to stir for 2 hrs at room
temperature.. The precipitate was recovered by
centrifugation for 15 min-at 13,200 x4g. It was washed 3
times«with~éeionizedwazo,~dissoivedwin 10% NaCl, and

. reprecipitated . with 2 ‘volumes of acetone. The acetone
precipitate ‘was redissolved in 10% NaCl and put in dialysis
‘tubing (as previously mentioned). Dialysis was done against
1% NaCl through 3 changes, followed by dialysis against

water through 3 changes. The material was freeze-dried,
weighed, and stored in the freezer. This was labeled acidic

EPS.

Isolation of LPS. - Bacterial pellets were suspended in
deidnizéd:water'preheatedtthGSOC.tThe volume was brought
to 100 mL. Phenol (100 mL, usually preheated) was added and
the mixture was heated to 65°C. It was ieftzat-this
temperature for 15 min., and then plunged into an ice bath
and ailowedﬁto-coolrfor 15 min. The material was

centrifuged for 20 min at 13,200 x g to separate the water
layer from the phenol layer. Using a pasteur pipette, the
vater layer (containing the LPS) was collected, and the
phenol layer was subjected to a second extraction by adding
water (100 mL, preheated to 65°C).  Extraction conditions
weré as before. The water layers from Soth extractions were
combined, poured into a Spectrapor dialysis tubing (M.W. cut
of; 12,000-14,000)Vand diained through‘4 water changes.
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For every 100 mL of the dlalyzed water layer, 0 l mL of each
solutlon of RNase and DNase (l mg/mL in 0. 1 M Tr1s and 0.1 M
| MgSO ) was added. Also 10 mL of 0.1 M Trls and 0.1 M

gSO4 per 100 mL of water layer was added. If floating
:partlcles were noted, materlals were centifuged at
213,200 x° g beforé RNAse and DNAse were added. The materials
-were allowed to stand at room temperature for 24 hours, and
“then dialyzed through 4 water changes in Spectrapor tubing.
After dialysis, this solution was lyophilized and stored in
the freezer until it was loaded onto the chromatography

column - (described below) .’

ColuInNChIOIAtography. The lyophilized water layer in the
LPS extractlon was dlssolved in column buffer ( per liter:
EDTA, 2.922 g; TEA, 4, 3 mL; NaN3, 200 mg). If the

resultlng solution was too v1scous, it was sonlcated for 10
min. Othervise, samples were loaded directly onto the
Sepharose 4B colum (v01d volume - 130 ml, included volume -
385 ml, column height - 51 cm, column diameter - 3 cm). The
fraction collector was set to collect 100 drops (or 5 ml
fractions) with each drop falling at a 10-15 s interval.
Alternate fractions starting from fraction 21 through 95

were assayed for hexose and KDO. Fractions containing KDO
were pooled, dialyzed in Spectrapor tubing against deionized

water, and then lyophilized.

Colorimetric assays. Hexose was determined using the

anthrone assay. Amounts of KDO were assayed as described in
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Appendix 8. Uronic acid was quantitated by the method of
Blumenkrantz and Asboe-Hansen (7, Appendlx 11). The
’substltuents, pyruvyl and acetyl, were also quantltated

acolorlmetrlcally (32 28, Appendlces 10 and 7.

Gasiehndlntegraphy.k'mheﬂalditol,acetatesxot_the
. ‘polysaccharides (200 ug in duplicates; see Appendix 12 for
.acetylation‘proceduneirweréidissolved in 50 microliters of
v,‘cnzcxj, whiie*theastandard«sugarS'weﬁe~dissolved in 100 ‘
microliters. One microliter-of the standard sugars and
- 1.5-2 microliter of the polysaccharides were injected into a
15 m SP2330 fused silica capillary column (Supelco) 1n a
'Hewlett Packard '5890A gas chromatograph. The instrument is
provided with a flame ionization detector fueled with
hydrogen. The detector, injector, and oven temperatures
were set to 240, 220, and 240 °c respectively. Helium was
used as the carrier gas‘(mobile phase) . The oven
temperature was varied from 190°C to 240°C at 10°C/min

and held at 240°C for 10 min.

31



Carel h I TR LWWS} RS

I L% Ties Cd

Inducing ability of the extracts. ANU 845(pRt032)121 has

fac inserted’ in the’ hodA 6f the root hair curling”
i?é&ibﬁ; ‘Therefore, expfeséion'6f‘the'mu-1§§1(productibh
’Aof B-galactosidase enzyme) ‘i dependent on the 1nduced
expression of ngdA ‘The clover extracts displayed
variations in" ‘inducing ability as’determined b& the
B-galactosidase activity assay (Table 2).

AT RS SRR AN SoESLT e L oy

Teblet2}"*indﬁeiﬁg”eiilit§}Bf the clover extracts.

WCE-D:in water = . .. 378 . 879 . 6.5 hr
WCE-El. in water . .. 350 1,174 8,5 hr
WCE-E2 . . . . 341 1,018 . 3hr

WCRE2 334 1,219 v«u¢~; 3 :BE..

‘ & £
R N

N T

WCE-E2, one of the clpﬁe; materials extracted by ethanol,
gives the bighest induction: 1,219. enzyme units. ip 6 hr.
WCE-El, another ethanol extracted clover material averages
1,188 enzyme units in 8.5 hr. The dialysate of the powdered
clove}i}b%t%‘suspehdﬁd in  water, WCE-D, gives the lowest
induction, eh:avefaéeﬁéff7§é ih'6;5fﬁffffﬁé”?esu1te'Eﬁé@eét

that WCE-E2 contains ﬁbtetef the clover material that =~
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induces ngd gene expression and that this material is more

soluble in relatively nonpolar liquids such as ethanol.

Conditions for maximum expression of ngg genes. ﬁCE-EQ
was" shown cd turn’ Oﬁ the~ng§ gene at a higher level than
the-other vhite clower extracts. This then was the most

1ike1y*inducing material to use in determining the point at

which the nodulation genes are expressed to the maximum.
However, when thé?bxperiment was in ptogress, apigenin was :
indicated by B. G. Rolfe to be an effective inducer and so

it was used as an alternative,»

ANﬂ 845(pRT032)121 grown 1n 8 L batcheu was treated with
w¢B~E2 and apigenin respectively and the Bbgalactosidase
activitYwnas followed through time (Flg. 2). ?or ‘the

apigenin induced bacteria, induction is hidhest at 14-25

?~o 36. The

mr. This corresponds to an 0. D.600 of 0.3
hCE-E2 induced bacteria show a. t&irly simil&t'induction
éstarting at 6 hr (0.D. 5, 0.52) to 18 “hr co.o.sooo .87).
negimum induction cppears to oqcur at an earlier stage of
oac;erinl growth 40 D'BOO 0.33-0.36) with apiyenin than
withﬁwcsoaz.gfhlso, it 1s eviddht that«ggigenin is more 1

potént in caiising nod gen% exptesstdn. about 65% higher
than WCE-E2. © . o 1§ '

Since apigenin was found to be highly effective in
turning on the nod genes, it was the sole material adopted
for use in the 0.5 ﬁ batches. Enzyme activity was highest

during the 16th hr (O.D.GOOA.IZZ) and steadily decreases
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Figure 2. B-galactosidase activity in ANU 845(pRt032)121 (8 L batch)
exposed to WCE-E2 and apigenin. Enzyme units= 0.D. x 1000 / (v x t x
0.D. ). v=volume of bacteria (0.5 mL); tsteaé%‘lon time; 0.D.600=ce11

8

: densﬁ:%o before assay. See Appendix 3 for assay procedure.



thereafter (Fig. 3). The reason for the abrupt
decrease after 10 hr is unknown. Maximum induction occurs

earlier (O.D.600 around .120), than for the 8 L batches.

‘Induction of ANU 845(pRt032). Apigenin was used to induce
ANU 845(p§t0§£3;vfollowiﬁg‘the same experimental conditions
_applied on ANU 845(pRt032)121. The'bacteria were grown

until O 0‘600 was 0. 35-0 45, and then harvested.
vqepprifugatiqn at 8,000-16,000 x g pelleted the induced
bacter;a tightly. On the othe;‘hand,:fﬁ; pellets of the
‘control or noninduced bacteria have:a tightiéenter i

surrounded by a loose mass of cellular materials.

He-btahe'isoiation. Suérose gradient centritugatioﬁ:of
thé‘éell enveiope results into two:bands (Eig. 4).
Eéuilibriﬁm'was attéined in 30-42Uhr8. The top band is
located at the boundary of the 46 §36'50%“§Gcrose layers and
the lower band at tﬁéfboundaty of tﬁe,so and_SS% sucrose
layers. Each band was collected separately and then assayed

for KDO. The results (Table 3) shvaa higher KDO content

Table 3. Petcentage KDO in the outer and inner membranes

of ANU 843 and its mutants, AIU 851 and ANU 845 (pRt150)

Strain Inm.memhuns ,intgr_.mgmhLane
843 | - 0.09 0.16
851 ‘ 0.10 0.26
845 (PRt 150) 1.3 3.4
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Figure 4.'Ceil envelope separated into the inner
and outer membrane. Top band=inner membrane.
Bottom band=outer membrane.
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for the top band, suggesting that this is the outer
membrane. Experiments involving membrane isolation of other

Gram-negative bacteria us1ng sucrose gradient centrifugation

have ‘indicated thatneke wo#ib; ﬂﬁmembrane and
that the lower ban& A

(27,63).

Electrophoresis 6& uter

membranes were aaed “ihod of Lowry

and subsequently'rua through a 10]‘p0£d ide gel.

The proteins of the parent A308&3§f“' jtants, ANU8S1

_and ANU 845(pRt150) exhibited sini 23

_aﬁiﬁé patterns (Fig.

5). These proteins have molecula, yeights‘of 129, 48, 42,
38, 34, 21, and 20 kDa.:

For ANU 845cpatn32) treatedg_itknap,kﬁ"iac there
appears to be an enhancement of’five ‘bands ° fth molecular
weights of 30, 29, 19, 17,.and 16 kDa respectively (Fig. 6).
The electrophoretic mobilities of these proteins are
different than- those from the parent and the two mutant

stralns mentioned above.

Electrophoresis of Periplasmic proteins. Treatment of
cells with chloroform or solution with 6.58 M sucrose and
lyeozyme released the materials in the periplasmic space.
Samples containing equivalent amounts of protein were
introduced into either a 10 or 12%, or a gradient gel
(10-17% polyacrylamide). The band profile (Fig. 7) of ANU
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66 K

45 K

18.4 K
14.3 K

Figure 5. Gel profile of the outer membrane
proteins in 10% polyacrylamide. Lane 1=ANU 845
(pRt150) ; Lane 2=ANU 851; Lane 3= ANU843; Lane4=
Lane 4= Standards: BSA (66K), ovalbumin (45K),
B-lactoglobulin (18.4K), lysozyme (14.3K).
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ANU 845 (pRt032) control (lanel) and induced
(lane 2). Lane 3=standards, as in Fig. 5.
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66K

45K

18.4K

Figure 7. Periplasmic proteins of ANU843(lane 2), ANU 851(lane 3), ANU 845
(pRt150) [lane 4]. The standards are in lane 1. Gel is 12% polyacrylamide.



851 is similar to ANU 843 except for a low molecular weight
protein (23.4 kDa) that is present in the mutant and missing
in the parent. This is located between two proteins with

relative molecular weights of 24 and 22.9 kDa. ANU

845(pRt150) is missing twd Eanés” 28 kDa, which are
: : -;it has a 38
kDa protein that 15 abisdnt dn both ! ;5}; and a 24 kpa
' : if;hount. These

} are also

- Another

d the gradient
gel is the presence of 21 and 22 k) ‘in PRt150 but

not: in 843 and 851.

The periplasmic proteins of 1ndu¢ed nnd nonlnduced ANU
845 (pRt032) also exhibit some diftetance&‘(?igs. 9 & 10).

For the proteins obtained by chlozofﬂrm ﬁﬂhnck' a 55 kDa

protein, present in minute amount in the 1nduced cells is
missing invthe noninduced. On other hand, a 74 kDa and a

17 kDa prdﬁéih, qré pfoduéed;by,tﬁe h6ninduced'but not by

the inducéd pRtoié. Also, two ptoteins having molecular
weights of 43 and 20 kDa respectively seem to be produced in

larger amounts in the induced bacteria.

Distortion in the profile of the lower bands was
thought to be due to the presence of contaminating
polysaccharides (52) interfering with the mobility of the

proteins. To eliminate this problem, the periplasmic

~
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Figure 8. Gradient gel (10-17% polyacrylamide)
of the periplasmic proteins of ANU 843 (lane 1),
851 (lane 2), 845(pRt150) (lane3).
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1 8. 4 K cwann
1 4 . 3 K o

Figure 9. Periplasmic proteins of ANU 845 (pRt032) released by chloroform

shock. Gel is 10-17% in polyacrylamide. Lane 1=Standards. Lane 2=
noninduced pRt032. Lane 3=induced PRt032.
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Figure 10. Gradient gel (10-17%) of the TCA precipitated periplasmic
proteins of ANU 845 (pRt032) obtained by chloroform shock. Lane 1= standards
lane 2= induced pRt032, lane 3= noninduced pRt032.



materials were treated with trichloracetic acid to
precipitate the proteins. The treatment does not alter the
band profile: the periplasmic proteins migrate in the same
manner and the~differences are the same as before treaiment

with TCA (Fig. 10).

When per;plasmic proteins are isolated by the

Lugtenberg shock method, a number of differences are
noticeable (Fig. 11). The major differences are the
considerable increases in the band intensities of the

prbteins with molecular weights of 87, 65, 56, 48, 32 and 20
kDa for the bactéria exposed to apigenin. To a lesser
‘extent, the~141, 44, 35, and 23 kDa, proteins also show
an increase in intensity. In contrast, one protein (22 kDa)

in the control seems to be repressed by apigenin.

.Cytoplasmic proteins of ANU 845 (pRt032). A comparison of
the_profiles of the cytoplasmic proteins of the noninduced
and induced bacteria reveals a striking similarity

(Fig.12), except that in the inducgd bacteria thére is an
additional 19 kDa and the 18.6 kDa protein looks more
prominent. The presence of the 19 kDa protein is
questionable. After the cells were treated to release the
periplasmic proteins, they were then broken by sonication to
release the thoplasmic”ptdteins. It is possible that this
19 kDa protein is due to contamination by the 20 kDa,

protein identified in the periplasm. But it is also likely

that the protein is synthesized in the cytoplasm and then
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Figure 11. Periplasmic proteins of ANU 845 (pRt032)
released by Lugtenberg’'s method. Lane l=standard.
lane2=noninduced 1ane3=1induced.
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Figure 12. Gradient gel (10-17%) of the cytoplasmic proteins of ARU
845 (pRt032). Lane l=standards, lane 2=noninduced, 1lane 3=induced.
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Turiflcation of LPS. The polysaccharides in the water

ransported to the periplasmic space.

Mrﬁ,

|
ayer from the hot phenol-water extraction vere separated

nto component polysaccharides by the Sepharose 4B

el*flltratlon columnn. Three peaks were revegled by the f

Fexose assay (Figs. 13 & 14)', The mlddle pea‘?contains the.
QDO, and is therefore the LPS. Since there’ﬁas an overlap
ln the KDO peak and the third peak (small moleqular weight
polysaccharides) of the noninduced water 1&yer, the KDO . peak

nas comblned and reloaded onto the column. a gingle peak

was obtained after rechromatography (Flg. 15) fi

Bhenical conpositions. Colorimetric assays reveal similar
nmounts of KDO. acetate, pyruvate, and uronic ac1ds for the
induced and noninduced ANU 845(pRt032) LPSs anﬁ EPSs (Tables
I & 5). The small amounts of KDO 1n the E?S s are probably
ﬂue to contamination from the LPS that is released
1nadvertently into the medium, or 