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!'he purpose of this proﬁed't vas to study the genetic ﬂontrol in

Egol_nerichig coli of four phyaiologicany unrelated metabolic actintiee,

s ¥

" ‘all of which séem to be under the influedﬁe of one gene. The phenotypic

characteristics fnyclved are!

(3) leueyl-, phehylalawl-tnm-i:ro'tein_ transferase activity; - )
» . e ,'} )

-(41) proline oxidase activtty: , SN

(444) L-serine deminase activity, and” Lo . / »

) ;

< (4v) " the abili/ty to utilize maltose as carbon and energy, source.
The phenomenon investigated here- is the following. A mutant "

lacking leucyl- phenylalanayl-tmu-proteiri transferase has been shown to =~ . ’

have an altered regulation of a catabolic enzyme, proline ondaee (Soffe):,

1974). In this work we show t this mutant also has alterations in its )

ability to use maltose and its expreasion of L-serine dedminase activity. . e

e

The work in_this. thesis is designed to show that all of these characters . “~w

[ NS,
1 ~ i4

iatica .a:rL influenced by the product of 8 single pleiotroplc gene.

Examples of genes as pleiotropic as this are “fot common in E. coli. It

)

, 1s hoped, therefone, that this diacovery will shed light on one of the  «

-

fnndamental regulatory mechanisms of E, coli. g o

Iu the first part of this introduction, the enzyme leucyl—

phenylalanyl-tmﬂ-protdin transferase (cqlled transferaae in heze) will be -

» 4 : o
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s

‘of pleiotropic regulatory mechanisms.
* /‘ . o

-

1
described in some detail and its relation with the other metabolic charac-

teristics discussed. This will be Followed ‘in part two lr;y a discussion

of current l‘cr‘uowledge of proline oxidase, L-serine deaminase and maltose

utilization. The introduction will end with pﬁft three, a short review

~

Part 1

Leucyl-, Phe‘nyialanyl tRNA.Protein Transferase and Its ‘
‘ Hetabolic InterreLatione Voo

- N s

‘a) Leucyl-, Pherwlahnyﬁ-tHNA-Protein Transferase

: .
Leucyl-, phenylalanyl-tRNA-proteiﬁ] ‘transferase is one of a group

" of enzymes kviown as aminoacyl-tRNA-protein transferases (Soffer, 1971&)‘.I

Thie group of Boluble emaymea eatalyzes the transfer of amino abid/

U

residues from a.minoacyl tRNA into poptide linkage with specific amino- .

| terminal residues of protein or peptide recentors. These enzymes are

superficially similar to the pegtidyl iransferases involved in de novo
prpf.ein synthesis. Hovever', the 'latter group of enzymés tranafers. amino
acids to peptides bound®to ribosomes, and “this transfer reéction only

occurs in the presence of temolatb mRN&qu_\.: and guanosine trlphosnhate o

(GTP). ~ The aminoacyl-tRNA-pfo’l«ei‘n“frnnsferasea studied by Soffer have no-..

requirements for ribosomes, template mRNA, Mg /r
AL

The first evidence for the existence of gminoacyl-tRNA-protein

Z

vtranaferaaea was found in"exgerfments in #hich partially fractionated

®

‘soluble extract of rat liver cellé, devoid of ribosomes, incorporated

certaiq‘specie's of amino acids from aminoacyl-tRNA into proteins‘or

peptides (Kafi and Rovelli, 1963). In later experiments, partially

L

) N !
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s

even in assay wixtures containing no template mRFA, ¥g** or GTP (Soffer,

.~acceptors. lLeibowitz {1971) added purified protein preparatzons to

~accept'stoichiometric“quantities of phenylalanine or leucine. Tryptic .

Later, peptides with an amino-terminal’ lysine were also found to be
- s/

, acceptors with lysine being the accepting site for the amino'gcids ?rans-

.
)
f o
. . 3
A !

» 4
o : ™

purified enzymes were found to fhncti?n/well in the incorpofation assay,

1969). The ‘transferase activities vere‘further differentiated from
protein-synthesiilng en!,ﬂbs in that they vere unaffected by chloramphenicol§
uhich inhibits protein synthesia.

. .' THe transferase, with which this work is concerned, the leucyléa :
phenylalanyl-tRNA-protein transferase‘of E. coli, has been purified more .
than 300-fold and ite characteristics have been gtudied in some detail.

As the name implies;fthis enzyme cétalyzes the transfer of led¥ine and/
y .

phenylalanine from leucyT-tRNA and phenylalanyl-tRNA to protein acceptors.

Since the two catalytic activities increased in specificity to the same

extent, during purification and their kinetics of thermal ‘inactivation were
jdentical, it is beliqud that one enzyme catalyies the transfer of. both
amino scids (Leibowitz and Soffer, 1970).

The transferase also shows speclficity with respect to protein

enzyme assay mixtures to test for their activity as acceptors. Among . P s

twenty~five proteins assayed, éhly tﬂoéé proteins containing an amino- -
terminal arginine residue (such as #-casein A,), were found to bepable to L

. .
digests of these acylated proteins showed that the leucine-and phenylala- . - "

nine were attached to the amino-terminal arginine by, a peptide linkage.

ferred (Soffer, 1971). Thuq, an aminé-termiﬁ71 arginine or lyéine is

-

EY
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®ost probably an aﬁéolute detemingnt of acceptor specificity in the

resction catalyzed by the tranaferase.

R,L., Soffer in 1974 attempted to find out what the naturally
occurriﬁg acceptor substratés in the cell were. This involved the isola-
tion of a mutant strain lacking tranaferaae aé¥{:ity. To find this,
ctruin W4977, a proline auxotroph derived<§E§m E. coli KIZ, wvas heavily
-antagenized with nitrosoguanidine and the survivors vere screened for
transferase activity. The lysate of one strain out of 1200 survivors
.creeneé vaa~found to have no detectable trgnsferaae activitj/(leaa than
‘0.3 of.uild'type aétivity). Since a mixture of the lysates of the
‘mutant and the parent strains did show transferase activity compp;able to
that in the wild type, the poesibiﬂi}y that an ingibitor accounted for the
loss of transferase sctivity in the mutant was ruled out.

One would expect that the transferase-deficient mutant would have -
_ the same potential ;oceptor proteins_as the parent,"at;ain.wb9??l How-
ever, since the mtant has no transferase, these potential acceptore
;ould not be acylated. Thus an extract of W4977 may dontain 8 mixture
of acylated and-non-acylated acceptois, while an'extggct of the mutant
‘vquld contain.gnly noﬁ;acylated acceptorg. These non-acyiated‘acceptor;
could be acylated if transferase were\éﬁppfied. Soffer (1974) took
' advantage of thie to identify the acceptors of transférase. He mixed the
cell lysates with purified transferase and Cla-labelled phenylalanyl-tRNQP
and observed acylation of various proteins in the lysates. . Because there
wag much more incorporation of radioactivity in the mutant than in the

J *

parent lysate, he concluded that a aighificant quantity of proteinAia

+ i

_normilly acylated in vive. The analysis of the labelled acceptors by

o

@
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gel electrophoresis showed tHat moxe than 75% of the potential ‘soluble
scceptor molecules migrated with & nobility corresponding to a molecular
ve?ght in t?e reduead denatured form of less than 12,000. ~

The mutat;on thgt causgg the disappearance of transferage activity
vag tentatively mapped by using ;p F' gstrains whose epiaomes comprised
almost the entire E. cgli genom;. Sixty recombinints resulting from
crosses between the mutant and each of the dogors were assayed for trans-
ferase activity. Only one strain, that carrying an episome spanning from
4s pin. to -S4 min., vas found to transfer the ability to produce the tranf-
ferase. Thus the gene ;epponsible for the produetion of transferase
aétivity must be betwéenﬂks to si minﬂéof the E, coli chromosome. It is
not known whether the gene transferred in this experiment is the structural -
geée for transferase or a regulatorf gene. The transferese-positive
recombinants lost the transfera;e activity on eubcultur1n§ and so they may

‘ﬁhve carrzed non—integrated episomes,

\_l?

L P ~
b) Evidence for a Metabolic Relation between Transfersse and Proline
Oxfdase . 7

v

The lack of transferase aeemed to cause disturbanifs in proline cata-
boliem (Deutch and Sqfféi 1975) When the transferase-deficient strain
(Ms845) was grewn in winimal medium with glycerol and 2mM proline, it
exhibited a long lag uhich lasted up to twelve hours. .It also ceased growth
prematurely with a final yield of about 40% of that of the parent (Deutch and
Soffer, 1975). When the proline concentratiop in ,the minimal medium was

fncreased to 20mM, the mutant grew after a short lag and the premature

cessativn of growth was not seen. This indicated that the mutant required

- .

-

~
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LN Co ‘Lt high levcl of proline in ‘order to attain the same growth as the parent.

) tpe "high proline-requiring character vas later found to be correlated
vith & four- to five-!bld incrsaas in pqoline oxidase in the mutant,
proline oxidase being an enzyme catalyzing the degradstion of proline (as
’dcacribed later in this introdnction). Bath W4977 and MSBL5 carried a
sutation in proline biosynthesis and hence could not synthesize their own
proline. The elevated proline-degxading activity in strain MS845 probably
di&similated the proline suppliég to suc¢h an extent that not enough ves
left for the biosynthetic needs of the cella in a m;gium with a low concen-

tration of proline. With glucose as the carbon source, MSéks showed a

\ . . o
50% reduction in proline oxidaaevac*ﬁvity and grew well with lower exogenous

proline aupplies. Thia finding agrees\with the above explanation for .
N ".'i?'- NURSRRS ,' Yy

the abnormal growth of=the mutant in medium with low concentration of .

proline. *'a‘ . %

+

(N,

31n§é the mutant exhibited a long lag before resuming growth when
- transferred from a stationary phase culture to'a fresh culture wixh'a‘low
concentration of proline, repeated subculture of the strain in this medium,
‘each‘time at the lag phase, ags‘}d enable a selection of'“low proline- ’T“ :
~L requiring" cells (which 4id not ‘éxhibit a long\}ag phase). According tog
this rationale, Soffer and Savage (1974) "cycled" the mpiant in minimal
medjum with glycerol and isolated ‘several "low croline-requiring"_strcina
[ after eiéht cycle;. These straing had low prolinc*o;idaae and hed tranc-
‘ferase activity. ' Thus, it.is likely that the change in transferase and
proline oxidase dcgivitv were affected by a commoﬁ facécr. Deutch and Soffer !
(1975) suggested that vroline oxidase might be an acceptor protein of the

transferase activity and that a post-translational modlfication of this

-

v * 5‘} ~

« °
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protein by aminoecyietion. might result'in gn at_;l:upt changs :f its catalytic

activity. This hypotheeie hag not been directly tested, because the

enzyme is membrane-bohnd and qxceedingly difficult to<puri£y.
) A Relation Between Transferase and L-Serine Dggmigage .

. In E, coli, several amino acid- degrading enzymes are induced by

exogenous addition of’ }eucine. .A three-fold inorease in the activities

of threonine deaminase, sérine desminase and threonine dehydrogenase.in
! . s

cells grown in the presence of leucine was reportedcéPardee, 1955; - Newman

8t 81, 1976).  Of particular interest here- is the fact that leucine is not

o

A eubatrate of these enzymes and that there is no direct relation between

the bioaynthetic pathway of leucing and that of threonine or serine. In
¥itro, the activities of the enzymes were not 1ncreaaed Aa,anyleignificant
extent by the presence of léucine (Newman, unpublished deta).h There
seemed to be a possibility that "induced" serine deaminase may actﬁally
have beep activated by incorporating a leucine eolecﬁle through the cata-
}yt;c action of the transferase. In our 1ab9?atory, the parent strain =
w4977, the mutant, MSB4S5, and d\transferase-iesitive atrain, R18, derived
by Soffer from "Cycling" MS845 in minimal mediue wi;h glycerol, were
assayed for L-serine deaminase activity. Serine deaminese‘fctivity was
found to be nine- to ten-fold higher in MS845 than in the parent strain,
while R18 showed exceedi;giy low activif% of‘the enzyme (Ne en, unpub-
lished data). Theee results are contrary to the prediction that
" "induced” serine deaminase 1; "leucinylated serine deamina e", but do
indicate that there is’ some'relationship betweép transferase and

L-serine deaminase. Another two leucine-induced enzymes, threonine




\ o . , L~
dminau and threonine dohydrogenuo, vere also testu! but th‘ e vere
no aignificant difrerencea in theee enzymes in the three strtﬁns.

) The tramferaae-negative nmtant, Hsaus, shoved one more

1

ﬂericj.nncy. It could not utilize maltose 'as carbon and energy source,

Bot W&977 and RlB could fement m;ltose (Ne\man et-al, \mpublihhed §sta)

- ’ ‘ . l

S tr ic Effect fT ferage Deficienc

- 4a) - _The P1

&
Strain MSg4s5 differs f‘rom ita parent with resgect to transfersse

© « N

activity, proline oxidase activity, aerine deaminase activiw and the

ability to utilize maltose as carbon and energy source. A transferase-

N posifive strain, R18, derived from MS845 has regained, to a 1arge extant

Yy
the phenotype of the wild type. Theae observations suggest the hypothesu

that the four metabolic activities may be iﬁfluenced by the expression of
N

" one gene, 80 that a mutation in that gene results in sinultaneous c!}'anges

in the four metabolic sctivities. - The work in this thesis is intended to - '

~confimn this hypothesia.' ' ' , .s
Part 2 .
® : "’ ) . . . !
” Description of Enzymes
" a) Proline Oxidage \ - o, .

Proline ondase is & membrane-bourd enzyme present in both

It catdlyzes the oxidation of proline
t

procaryotic and eucaryotic cells.

to A —pyrrolir{e-svcarboxylate (PCA) Frank, 1964):

. —— CH

’ LN ‘ ‘/H + 1/2 02 ————-——9 lc /n ;km
§ R c\x/ ~Neoor ’ H\ /c\ + B0
3 ‘ - * TN, Scom

proline

N -pyrroline-5-carboxylate




' : 9
' In E;Acoli, proline oxidooa is inducibld by proline and is sub~
Jected to catabolic roprésaion (Dendinger and Brill 1970), .The biolo-
glecal role of the enzyme haa noi been determined Since the product of
the catalyzed oxidation roaction, ZS'-pyrroline-5-carboxylate can be'
further oxidized to glutamate, proline oxidaae may play a role in regula-
ting the lavel of intracellular proline‘ conversion of proline to‘gluta-
line.ﬂouid en@oil no lose of oarbon. The structural gene-for proline '

. oxidase has not been mapped.

b)  L=S f@ne Deaninage . . ' . '
; L-serine deaminase is a soluble enzyme catalyiing the conversion

v

of serine.to pyruvate and ammoniat

B

CH,OH coo™

H-C-NH, . > Ca-0 -+ + ¥Ey

COOF | ) 033

L-Serine . Pyruvate . Ammonia

. "L-egginé deaminase is not induced by its substrate (Pafdee, 1955)., .
Revertheless, the 1dvel of L-sctine desminase in the cell is affected by
various components of the growth medium (Isenberg, 192#). ) Theso include
glycine, leucine and ammoniom sulfate.y ‘Leucine causes a two-fold induc-
tion of L-serine deamioaae; A comhination of leucine and glycine in&tces

the énzyme still ﬂurther.\ The enzyme ia not subjected to oatabolite

raprasaion, but the enzyme level in cells grown in medium with ammonium
/

sulfate is lower than that in medium without ammonium sulfate. The

n
»
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biological role of aerine deaminase ib not knoun. ~/Itxuay gh a detoxi—
fying enzyne fbr maintaining L-serine at a low lcval auch@ipat it cannot
'inhibit L-th:eaﬂne deaminaae (Fraser, 1975), ﬁbﬁ if this, vere the case,

one vould expect it to be induced by L-serine. We fact-that L-serine !

4
daaminaae is not induced by L-serine makes this hypothesia much less con-

’

’

1

Exogenous maltose and maltodextrim are taken into E. coli

cells by an active transport syatem-calle& maltose péfmease.: An amylo-

maltase converts the %hdogenous maltose into maltodextrin, after which a

[ ]
o

maltodextrin phosphorylase catalyzes‘the phbsphorylation of the maltose.
moiéties in the maltodextrin to form glucose-1-phosphate, which is then
. uetab§lized via. glycolysis (Palmer et al, 1973). The genes which gpecggy

. these enzymes have been mapped in two regions, malA and malB, of the. -

\
E. coli chromosore. The malA region, at 7h/minutea, in the genetic map of
~ E, coli contains R i f
. ‘ o ‘ . ‘.
ST ' (1) an operon composed of two structural genes - malP
. coding for the maltodextrin phosphorylase and -~
' T . nalQ coding for the amylomaltase, and .
o e g \‘ t .‘
K - *T\~&51’ (11) a regulatory gene malT, ) . " )
. ' o N ' N

@

=% ' . QR
The malB region at 90 minutes. in the genetic‘map coutains one or-

more genes involved in maltose perdéatégn (zalB) and a lamB gene involved

in the synthesis of cell surface receptors specific of phage lambda

(Schvartz, 1966; Bachman, 1976). The malB and lamB are most likely to

be in the same operon, as they'are induced and repressed simultaneously
. f 4

(Hofmung,” 1974).
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- , .'l'he‘ regulation of the transc-ription of thése genes is.of consid-

The expressions of malP, malQ, malB and lamB seem

erable complexi ty.

© to l;o co-or&imtely contmlleq. Syntheses of dnaltodextrin phosphorylase,

amylomaltase, maltose permease apd the receptors for phagé lambda~' are all)

induced by the presence of waltose. This control may be mediated by a

product of the regulaﬁry gene malT, A mutation inf_@!l‘ affects all !

>

6 >
four characteristics - the mall mutant has lowered and uninducible malto-

dextrin phosphorylase and amylomaltase activities, cannot take'up mal tose

v

and is resistant to phage lambda. Thus, it seems tha.t the gene product

of malT (7‘# min.) has & regttxlatory effect on both the malP-Q operon
(7% min.) and the malB- lamB operon (90,min.), (Sc?xwartz, 1971).

Schwartz (1971) found that in a malT -m}xtant, a further mrtation
of a geﬁe located .between ‘malB and leu results in the u;lmasking of a new

<

permeation system for maltose. The relation of thiz‘; permeaﬁe ta the

\ / . .
: precejing one is not at pyesent understood. - b
. . : &
; Part 3 . -
9 . - ’/
L A Brief Review of Pleiotropic Regulatory Mechanisms

The hypothesis presented in this work is thet & single gene
. . . &
influences several diverse metsbolic characteristics. The evidence

preeented here in genenc in nature. No idea of the mechanism by which

the effect of this gene is mediated can be given at th:is time. However,

in both eucaryotic and procaryotic cells, the mechanisms of scme of such

mltiple effect of regulatory genes are okpown.’ * Some of these will be

N

reviewed in the following paragrap'hs. o

-

In procaryotic cells, the structural genes of several enzymes, .

a1 0 s ot s L L
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,usually metabol/ically reléte&, nay be clustefb[@ into a single regulatory’

unit, the opéroix. The best.known capé is the co-ordinate control of  the
lac operon, which consists of a promoter, an pperator and the stmctﬁral ,

.

genea of three enzymes involved in lactose métgboiism (3%cob and Hénod,l'—
;- - 1961). Th'e levels:of the threg enzymnes in the cglll; are determir}ed.by
| the rate qf transcription of the°ope::(gn as a single unit.._ Thfs rate is,
in 'i:urn, under the control of the lac fepressor, a proc/i/uct of a regulatory
L%en'e located outgide thé operon. ~’l'}.)e amount of these enzymes in the
ceIls.can ‘then be modified by factors affecting the regulatory g;ﬁe, the.
prpgxo*tér or the op;rator. Vc;enes lépylj in different loci of the chromo-
son;e can also be co-ordinately /cﬁrt-r;nad by the e.xpreasion of a single
. .. s /" regulatory gengﬂ. In E. coli, the genes résponsible for argin:fné bio~ d
synthesis have been found distributed among five\unlinkeé‘ operons. None-
- - theless, ‘t‘h"ere is strong evidence that one regulatory gene coutrols the
. levels of Aenzymfs belonging to all the operons (Jacoby and Govini, 1969)._
- , In the case of the lac oper;n and the arg opérons, £he genes
. ir\volvgd specific enzymes which are obviocusly metabolically related. -In

.

N * the case of the malB- lamB operon mentioned previously, two very di\ffer‘ent

- - activities: the maltose permease activity and the formation of the
. receptors for phage lambda, are co-ordinately controlled (Hofnung, 1974).

/Even mo;e‘diverse metabolic activities are known to be controlled

. . b
by the concentration in the cells of one single substance, adenosine

Y, 5'-cyclic®monophosphate (cyclic AMP). E, coli cells which cannot

produce cyclic AMP canriot ferment any of & large number of carbohydrates v

< ..(Berlman’ and Pastan, 1969). The lac operon, for example, cannot be

transcriped in.the absence of cyclic AMP (Perlman and 'I"aétan, 1969). '

v

}
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This is one of "the several known cases in which the same genes are r'egu-
lated by' several -factors, in thi: caseo, a specific factor (the ind\i,cer-:
ﬂ:gniwtoaide) and a general one (the nutritiqnal aéa‘te of -\\th'é cells aa
signified by the endogenous co;centrationl‘of cyclic AMP),

The mechanism by which cyclic AMP produces its efflect in bacteria

~,

“_:/ has recently been elucidated. The transcription of several genes,. s\uch

as the lac operon (De Crombrugghe, 1971) and ‘the gene for D-serine
desminase (HcEal'l, 1973) require the binding to the promoter of a cyclic
AMp receptor protein (CRP) vefore the binding of RNA pc‘alymerasa.. The

‘CEP will 'bind to tbeae promoters only if it haa previously bound a mole-

‘Fgule of cyclic AMP (De acrombruggi\e, 1971) Therefore the endogenous

concentrq.tion df cyclic AMP will affect the rate of synthesis of all
e;nzymea coded by "CRP-dependent" oneroné. Since glucose has the effect of s
lowering the level of cyclic AMP in the cells, either iay inhibiting its -
synthesis or accelerating its breakdown (huelttner, 1973), the ,?rate ‘ofr t;io-
ay::lthesie of those enzymes coded by the "CRP-depené:nt" operons will ‘be
retaﬁéd in the presence of glucose, rem;lting' ina p}xenomenon known as

K

catabolite repression. ‘I'hus a mutation of either the gene coding for
the enzyme adenyl cyclase, responsible for catalyzing cyclic AMP bio-
synthesis (Perlman, 1969), o} the ‘genea coding I‘or CRP (Zubay, 1970)

results in a loss of ability of the cells to aynthesize‘ the "catabolite-

L3

repressible enzymes". The physiology of the cells is then greatly

altered as a result of, the single mutation. . ! »

The compound guanosiné/j‘ ~diphesphate 3'-diphoap}iate (ppGpop) has

1

alsao been suggested as a pleiotrbpic effector of the "stringent reapons*'

in bacteria (Cashel, 1974).  Thus E. doli cells starved of amino acids

1]
4
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shov & decrease in rate of protein and RNA synthesis, a decrease in p&ly-
2

some formation and an increasé ip rate of prc;tein degradation - all
v - 7 ’

these being attributed to the cellular conceniration of ppGpp. Thus the

"stringent response” will not be observed in a strain that carries a

-

wutation in a feng' involved in ppGpp accumulation under amino acids atarva.——
G : 3
tion. A gimilarly diverse response of mammalian cells to serum depriva- . !

tion has been described as the "pleiotypic resvonse” (Kram, 1973). Cyclic
[ ) S

, AMP' seems to be the effector of this pleiotypic response.

’

While cyclic AMP in procaryotes is believed to influence the rate
f‘éf transcription of certain gemnes, other p]zeiotropib effectors act at

other points in metabolism. One other mechanism by which a ctmpt;und can

' ) regulate the activities of several enzymes is by influeqcing the act'.ivity

c

' of a protein-modifying enzyme, a ph‘éhomenon lfnown as "enzyme-catalyzed

chemical modification of enzyme" (Holzer, 1969). The enzymes involved in

£
glycogen syr'xthesis and degradation are subjected “o- inverse controls of, -

this type (Holzer, 19?2') In nutritional conditions favouring the syn-

thesis of glycogen, glycogen phosphorylase, wh1ch catalyzes the degradation
N

of glycogen, is :.l}activated by a erhos;)horylation. Glycogen synthetase, P

-5,
I

N vhich polymerizes glucése;l;phosphz.ate to glycogen, is simultaneously o
‘ .« “’ﬁe‘t\ivated, afso, by a dephosphoryla_.tior;‘. When physiological condi tions’
re@ire glycoéen breakdown, glycogen phosphorylas: is activated by phos-
--phory‘],.ation. ~A similar phosphor;lation of the glycogén synthetase,

however, leads to an inactivation of the enzyme. The phosphorylations

and dephosphorylations of these two enzymes are under the®catalytic

e actions of other enzymes! the activities of which are ultimately influ-

enced by endogenous cyclic AMP and’ other effectoras (Killilea, 1975).




Another example of metabolic regdlation through post-translational

.modification of enzymes is the ‘adenylyla d\:n of glut;unine synthetase in ‘
. B, coli. Glutamine\a{tie\tase is résbariéible or-fhe conversion of ]
—t——= _ n .

f/'élutamic acid to glutamine. »Clutéine synthetase exists in an adenyly— - -

P -
lated form, and a deadenylylated fprm. Upon adenylylation. the conforma-

tion of the protein changes and becomes less catalytically active. 1 -
- N Ve

"deadlenbglylation of the protein will convert it back to an active form. The
adenylylation and deadenylylation of glutamine synthetase are catalyzeci‘by
a sinﬁe aderwlytransfere (A'I‘ase) ‘The abiiity of ATase to catblyze
adenylylation or deadenylylation\isx controlled by a number of metabolites
which include glutamate, Of-eketog‘lutarate, UTP, ATP and a regulatory protein,

\'?m The regulatory protein exists in two forms. One form, PII,,
\\‘—
promotes The ATase-catalyzed adenylylation of glutamine synthetase, while

the other form, PIID, promotes the ATase-catalyzed deadenylyla.tmn. When

conditions favour glutamir;e synthesm, e g., vhen Ot~ketoglu‘barat{ is

e o~

present in higb concentratlon, glutamine s:{nthetase is activated byu a
deadenylylation. Th‘e process probably involves thg conversion of PII,

to PIID, which etimulpfe's A'I'ase-qatallyz'ed deadenyly}ation of: the enzyme.

The regulation of glutamine synthe;asé in this'\;ay is particularly interest-
ing because glutamine synthetas’e itself, in Klebsiella aerogenesg, is thé
effector for the transcription of se;r’eral gene‘s, including its own struc-
tural geng; a phenomenon known as aﬁtoéenoua regulation (Streicher, 19753
\ Calhoun, 19755 ¥hen glutamine synthetase is present in hig}; concentra.-

'tiotr in the active deadenyly\lated form, the tranqcrlption of other enzymes

o L 4

such as proline oxidase, snd tryptophanase is increased (Prival 1973;. .

M_agasanik, 1976). Thus the e.ﬂenylylation of glutamineé not only decreases -

ot
A% ¢
s N

"
. el 2 .oa -
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. other cnzynea. Tt can be ‘dsualized from these facts that the genu ‘
‘coding for. glutamine nynthetase, for the regxlatory protein FPII nhd the

aﬁmlytranuferaae are important 1n regulating several diverstmetabolic

v, . ¢ -~ ’L

Motivities in bacterml Mgellg.— - '-‘ .

.

It ‘!.a clesr then that, in the past few' years, several systems

-

-3

v iy

b

- have been described in which one gene pmduct way 1nf1uence several meta-’

bolic activities. The gone descrfbed in thia thesis appears to be one

<

Iurther example of this typo of control. : . L

its activity, but also decreues the transcription of thc genes specifaing
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, : ' ' MATERIALS AND METHODS - , °

“ . Culture Methods , . i )

: , , A1l strains of bacteria were kept at 4C on yeast tryptone °

<

slants. Cultures were trimfemd to fresh slants once. every thirty e

- !

t ' -

Liquid cultures vere incubated at 7°C in leq;lc;yer fla:ks

aerated by shaking in a gyrotory water bath shake; (New Bnins&ick Scientl::{,fic

Co., Model (576) - Bowever, for screening large number of bacterial strams

'*’3,"‘ - for serine deaminase activity, cultures were grown in Sml. of liquid '
uedium in pyrex screv . cap tubea (12 mm. in diameter), aerated in '8 roter

!

drnm (New Brumswick Scwntific Co., Model «rc-u)

. < Hedia A : ¢ ;; . ‘ - -

o , Minimalﬂ medium:  0.58% K, HPO,,, 1.26%' KH,PO,, 0.2% ,(Nm,) ,504,

0.2% MgS0,,..7H,0, and O, 001% CaCl, at pl 6.4 in distilled waéer. Other

additiona to the growth n\edium vere made according to the requirements of

the experimenta as stated in the text. _ "

' }Hinimal medium agsr: Minimal medium with 2% agar. ' L
Soft agar: Minital medium with 0.8% agar. '

- Yeast tryptone agar: 0.5% yeast extract, 0,5% NaC1, 1% tz'yptone/
and 2% agir. = k-2 t ' . ' .

- "Luria brotht 0.5% yeast extract, 0.5% NaCl, 1% tryptorie in




"

"Ma1t strain.

- —
, .

»
I8 agar: QLuria broth and 2% agar.

/

» e

trient agar: (Difco No. 000-1-02-7) and MacConkey agar (Difco
Fo. 0818-02-0) were prepared according to the directions given'bf tho' -

4

manufacturer. . . .

4 -

A1l media were autoclaved at 1% 11:./1n.2 for 15 min. at 121°C,

.
N . "
. -

Sources of Stra;/ ns Y

- Strain W4977 was obtained from R.L. Soffer of .Albezgt Tinstein
cpilege of Medicine who had previously obtained it h"om I?r. l.\%ﬁepan of
Stanford U;nliversity.i It is a proline auxotroph of E. coli stfain Kl2.
It is incapable of fermenting xylose (Xyl"' ), lactose (Lac ), and mannitol
(H‘tl-), due to independent mutations. When cultured ona MacConkey :
maltose piate, it differed from a wild’ type maltose-fermenting orgax;ism

(Ma1*) in that 1t lacked the red halo which usually appeared arcund &

A

Strain MS845 obtained from.R.L. Soffer is a mutant isolated after

N-pmethyl-N' -nitro-N-Nitrosoguanidine treatment of strain W4977 and was

v

.chosen for its absence of leucyl-, phenyalanyl-tRNA pfbtein transferase.

It retained genetic markers of Wi977 (Xy1~, Lac”, Mt1T).

§

Strain MSB4S5-II 1s a derivative of MS84S isolated during this

vork, MS5845 was unable to-grow in minimal medium.with glugose (2%),and’

" proline (s0 pg./ml.), but could grow in the same medium with 500 pg./ml. .

proline. This "high proline-requiring” character was lost when the.

- strain was in possession of Dr. E.B. Newman, most probably due to its

being at a selective. disadvantage. A1l available cultures of MSBA5 no

longer show the "high proline-requiring”.character.. The MS845 derivative’

e

¢
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* inability to grov on proline as the sole garbon source. The strain is

™ was isolated by M. Schvartz by its ability to ferment maltose.

" 4n Table 1.

[

‘vhic‘h growx{ well in miniwal wedium With glucose (2%) and proline (50 »é./ml.)
vas named MS845-II, \ .
. Strain R18 vas obtained from Dr, R.L. Soffer. It was isolated from
strain MSB45 by repeatedly subculturing M5844 in minimal medium with glycerol.
‘ \sn;am Porl obtsined from Dr. R.L..§offer is a derivative of MSBUS

o -
with low proline oxidase. It vas isolated after a penicillin treatment of

MS84S cultured on proline as the carbon source and was selected for its

transferase-negative (Soffer communication). —
Strain Porl?7 obtained from Dr. E.B. Newman is a mutant isolated after

an ultraviolet treatment of MS845 and was selected for its ability .to'grow-on

K

minimal medium with glucose (27) and proline (50 pg./ml.).
Strain K10 is-2 prototrophic strain of E. cqli obtained from
A, Caren of Yale University. ; . . '

Strain THEK? is a transductant of MSB45-II by a phage #80dmalA and

P

L3

Strain CU4 was obtained from Dr. H.E. Umbarger of Purdue University.

It i6 a prot(;trophic E, coli K12, I

a4 . .
¥ Phage lambda vir is a virulent lambda phage pbtained from M, Levin-

thal, Purdue University. _ o

f’l-cm, a P1 phage carrying a gene for chloramphenicol resistance,

wes obteined from M. Levinthal, Purdue University.

[N

\

v

Strain CU1008, carrying a deletion of ilvA, a gene specify threonine
deaminase, was obtained from M, Levinthal, ’\

The si:,rains used in this study and their characteristics are listed
; .

A ~

t

r




TABLE 1

List bfﬁngcterial Strains and Their Relevant Characteristics

Strain

x

K10
COL

’
wh97?
MS8ls5

MS84s5-11

" Porl?
THEKL

. THEKs, 6
" THEK?

MS845-1 I/Vb9;l?

Porl

-

Por)/wu97?—ﬁ
w4977/C04

1 .

' MS8ls5/Cul

Porl?/EU#

CU1008

»

4y

e

Genotype and/6r
Relevant Characteristics

N

Prototroph

~ ¢
_ Prototroph N

Pro mal:-1 lac xyl mtl

- Ag W4977, transferase-deficient,

high proline regquirement

As MS845 . lovered proline require-
ment (see text)

MS845 derivative, trensferase-positive

' M5845-11 derivative, transferase~

vositive ,
MSBU45-F1 derivative, Mal* ¢

MSBLS-I1 transduced to Mal* with
phage P80dmalA

MS845-11 transduced to Mal with phage
PI-Cm grown on W49??

MSBY45-11 der1vative, with low proline
oxidase activity

N
S

Porl derivative transduceﬁ to Malt
with PI-Cn grown on W4977

\ » .
W4977 tranduced to Por' with
PI-Cm grown on CUL

MSBY4S transduced to Por', with PI-Cm
grown on CU4

Porl? transduced to Por*, with PI-Cm
grown on CU4

-

ilvA delgtion

*Port - prolire independent

Source

A, Garen
H.E. Umbarger
R.L. Soffer -

R.L, Soffer

E,B, Newman

E,B, Newman

This work

This work

"~ M. Schwartz

AN

This work
@®.L. Soffer
work
Thia work
This work

Tﬁis work
¥, Levinthal

/
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. _ .
Measurement of Cell Density and Absorbance of Various Chemicals ,
! o

Lol
l

. Cell density of a culture, indicated b i‘ts‘ turbidity, wvas ' .
measured in a Kiett-Summerson Pho'toelectric Cojorimetor (K1ett Mfg. Co.’
Inc., New York, K.Y., Model 800-3) using a No. 42 filter. All abso;bancep
of various chemicals were measured with the same {nsfr\ment., The filter

used is specified in each method.

’

» 4

Hutageniza:tion of Cells by Ultraviolet Irradiation
"A culture at mid-log phase was adjusted to a turbidity of 50 with °

"sterile minimal medium. A 10 ml. portion of this in a petri dish was then

1

rotated slowly at a distance of 10 cm. under an ultfaviélet lamp (Univereal
/ ' . .

s
U.V. lamp Gelman-Camag, Switzerland, Model 51402) at 250 mp for 60 sec.

Enzzr_n‘ e Aasays

L g ) “
Assay of Proline Oxidase ‘ '

Proline oxidase activity was assayed by a modification of the method
of Dendinger and Brill (%9";0). The oxidation of L-proline by proline oxi-
I;laae yields A'-pyrroline-5-carboxylate which can react with O-aminobenzal-
‘dehyde to form a yellow derivative, thg;ught to be a dihy/droqui‘nazolium
compound (f?r ‘struci.:\.xre, pee ippendix I1). T‘!Li.a pfoduct can be detem{ned
rquantita:tively by ;‘eading its absorbance. (No. 12 filter). To assay for
proline oxidase, cells grown to mid log phasé vere chilled and centrifuged-
at 10,000 x g for 5 min, at 0°C in a refrigerated centrifuge (Internatione\.l
Equipment Co., Needham Hts., Mass., Model B-20). The pellet obtained was
centrifuged_ and reaus.pe.nd‘ed once in minimal médium without ammonium sulfates

centrifuged .again and then resuspended in 0.1 sodium cdcodylate buffer

at pH6.6 and centrifuged once more.,” This pellet was resuspended in the




‘T~he assay ﬁa:s cargﬁd out in triplicate. C ontrols without proline were

"‘This is based on the detection of pyruvate formed from seripe by means of

N »

\

=<t \ R .
same cacodylate tuffer to a turbidity of 400 Klett units (Nd. 42 filter). -

Oné ml. of this cell suspension was added to - -prechilled 250 ml. Eryler-

. meyer flask containing 2 ml. of 1 M proliné solution in the same cacody-’ '

.. . P
late buffer, 0.2 ml. o-sminobenzaldehyde (30 mg. in 5 ml. 20% ethanol) and
0.02 w1, of :toluene. The 'flask_ was incubated at 37°C with fast shaking.

The reaction was then terminated by sdding 0,4 ml., of 20% cold TCA, Cell

debris in the mixture was removed by centrifugation at 10',000 x g for 5 min.

The absorbance of the gelloﬁ supernatant was detemmined (No. 42 filter). ’

included in each enzyme assay., Activity is expressed as the difference

~

imtueen the average of the optical densities of the incubation mixtures
and that of the controls at the end of the exper{i\ment, normalized for 100
Klett units of cells ﬁwubated. The actual turbidity of the cell suspen-
sion (400 Xlett upits) was determined by dil;xting th‘e céll suspension .
l&-fold.with distilled‘ water and then reading in the Klett colorfmeter ( t
a more sensitive range). The.assay at first gave variable results, moz\
probably due to the fact that o-aminobenzaldehyd; is not very solut.ale.in 1
20% ethanol. The assay was much improved by grinding o-aminoben'zaldehyde
in a4 mértar before dis/aolving in 20% ethanol. In later axperimenis, the
subastrate solution was made by dissolvi‘ng proline in distilled water instead
of'cacodylate bvuffer,. This did not adversely affect the results.

Assay for Serine Deaminase

L-serine deaminase wés agsayed by the method of Isenberg andl%wman(197‘+).
\ )
5

vhich is a.slight modification of the method of Pardee and P'r‘e'gnge (1955).

v P

B ‘ {
8 reaction between pyruvate and 2, 4-dinitrophenylhydrazin® (DNPH),  The

incubation mixture contained 0.1 ml. of L-serine (20 mg./m1%), 0.3 ml. of

washed cells suspended in 0.05 M phosphate buffer, (pH 6.4), 0.02 ml. of
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toluene. This mixture was incubatéd for 35 min. at 3?7°C; 0.9 ml. of . .
DNPE, (250 pg./ml. in 4.1% HC1) vasl?dded,.andw the mixture was incubated
for a further 20 mix/\. at room temperature. [Following the incubation ;'fﬁh,
DNFH, 1.7\‘m1. of 10% NaOH vas added and the ab.sorbance was determined
(Ro. k. filtér), using pyruvate as standard. Included in this assay was
one get of assay mi“i';ures to which ?o' substrate was added. This allowed
a measure of endogenous -ketoacid production, Activity is ‘expressed as
th‘" diffe::enc_; ‘between the amounts of ketoacid formed in the aa\sa.y mix-
fures with and without substrate, related to the amount of protein in the
cells adc}ed to the sssay mixtures. . 5

Proteins vere deternined by the method of Lowry et 81:(1951), using
trypsinsas a standard, 0
A\gsax g.g; i'»eucxl-, Phenylalanyl-tRNA Protein Transferase

The assay was carried out according to the method of R.L., Soffer

(1974). 1t measures.the amount—of e _1eucine or 1l'C-phemrla.lalr;me trans-
ferred from labelled leucyl-tRNA or phenylalanyl-tRNA to a product insoluble
in hot TCA. * The charged tRNA used fSr the assay was prepared by incubating
stripped tRNA (Jutritional Biochemicals), with either 1l"flil-l‘eucine (324 pc/

1l’c—phem,'lalanine (486 pC7pm) and an extract of E. coli (Muench, .

ym), or
1969). In the assay, cells were grown overnight in 10 ml. of Luria Broth )

at 30°C, Unfraqtionated lysates were prepared using EDTA, lysozyme, /
Brij 58 and DNase according to the method of Godson et ‘sl (1967). The °

reaction mixture.(75 pl)‘ contained 50 mM Z-hercaptoethanol,,o.zM KC1,

0.3 mg./ml. chlqramphenlcol . 5 mg./ml. of X-casein and approximately 0.2

n molea/ml. of luc-leucyl tRNA or 0.15 n moles/ml. of lbc-phenylahnyl-tRNA

and 25 ul. of cell lysate corresponding to qpproximately 1 x 108 cells.




Thé radioactive aminoacyl-tRNA in each assay was added such that each

- Aspay for the Ability to Utilize Carbohydrates

‘those that were described as transferase

(o]
glucose (0.2%) and proline (50 pg./ml.) and agar with maltose (0.2%) and
3 2

assay mixtur’g/ contained’ approximately 10,’000 to 15,000 cpm. The assay

mixtures were incuhated for 60 min. at 379C. After an addition of.3 ml. of

~

sold ’I‘CA the mixture vas further incu‘bated for 15 min. at 90°C.  The pre-

cipitates were then cgl].ected by vacuum ‘filtration on glass filters (Milli-

// -

pore Corpormn, AF200, 2500). These were then dried under a 300 watt-

150 volt heat lamp for omne hour. The filters were then placed in 20 ml.
screw-top glass liquid acintillation vials (Amersham/Searle, Toronto, Ont.,
l‘odel 3326), with 10 ml. of scintillation fluid (0. 5% 2, 5-diphenyloxazole
and 0.02% p-bis [2-( 5-;3henyoxazolyl)] - benzene in toluene). The radio-
activities were determined by a.liquid scintillation counter (Nuclear

Chicago Co., Montreal, Que., Model Unilux 1I). Included in the experiment -

\ .
is a control in which no cell extract was added to the assay mixture. This
allowed a measure of radioactivity inéorpora‘ted into the insoluble material

by mechanism other than transferase activity. Another control consisted of

an assay mixture containing no cell extract and filtered right after the

addition of 3 ml. of cold TCA, This enabled an estimation of tRNA-bound -

radioactivity put into the sssay mixture. Strains which have been

described as transfe“rase-positive iransfcorred 1000 opm or more, while

~ficient transferred less than

200 cpm. In this work, any strain transferring more than 600 cpm vé.s

/

considered as transferase-positive, /any strain transferring less than 200

was considered as transferase-deficient.

Bacteria were streaked simultaneouély on minimal medium agar with




i

; .
proline (50 pg./ul.). Straing that could grow on plates with glucose and
proline, but not on plates u{'i th waltose and prolina, were regardéd' as‘

unable to utilize maltose as the carbon and energy source.

The ability of bacterial strains to ferment carbohydrates was also

determined with MacConkey plates. These plates contained Eosin'Y and

E

- pethylene blue and deoxycholate (poc) in additjon to yeast exiract, ,fryptone

and any carbohydrate desired. Strains that could ferment the carbohydrate

formed acid and turned red (Eosin Y reaction) and were surrounded ‘by a halo
] .

-

(DOC precipitation). Strains which grew at the expense of yeast extract

and trypton? only did not form acid and appeared to be white.

- Iy
Trapsduction Experiments . .

Preparation of Phag\e Lysate - . .

) -

Strains were cultured in Lui-ia Broth and "t:hen streaked on a 1B
b ;

plate supplemented with 5 x 10"3 M CaCl; and 12.5 pg./ml. chloramphenicol.
+

A P1-Cm phage lysate was then streaked across the "bacterial sgtreaks".

The plate was incubated at 32°C. This procedure is based on the fact that

cells which are lysogenized by PltCm become chloramvhenicol resistant and so

can form colonies. Thils lysogenic state |is maintained at 32°C, but not at

-

U°C or above. After two days of incubation, a single colony from each

‘o . -
. strain was then cultured in 6 ml. qf Luria Broth supplemented with 10 ?‘M

MgS0Oy for about 12 hours at 32°C. The culture was then aerated for one or
two hours until the cell density reached about 2 x 108 cells/ml. and then
i '

shifted to 42°C for 35 win.4 still with good aeration in order to induce

phage synthepis. The culture was shifted-back to 32°C for two to three

~ " hours uhtil it became clear.. 0.2 ml. of chlorc;i‘orm was then added to the

fi
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culture to kill any remaining bacteria. After vigorous shaking, the cell

debris was centrifuged and thé supernatant &as removed to a sterile t\ib,e

-

P

to vhich chloroform was added. ) ot

Titration of Phages

Phage lysates were serially diluted in Iyria Broth containing.
/ "
i B
10~?M MgS04. 0.1 ml. of each of these dilutions was added to 0.2 ml. of
a fresh overnight Luria eulture of & phage-sensitive bacteria strain (K10).

2 ml. of soft agar at 42°C were added to the mixture, which was then poured

£

. over on & Luria Broth plate conteining 5 x 10=3M CaSlz. The pla‘te wag

incudbated face up at 37°C for e{ght to ten‘hours. , The rumber of plaques
on each platé was counted and, from these.pumbers, the phage dens'ity of
the origi;xal lysate was detequed.

Transduction

o

The recipient strain for transduction was cultured in § ml'. ‘of
, Luria Broth at room temp;rature ur}til the cel\l d;ansity reached approximately
2x 108 cells/ml. CaCl, was added to the culture to a firial concentrafjiﬁn
of 5x 10"3143.D . A 0.1 ml. portion of the culture was plated on a selection

~ .

plate to check for contamination and égr spontanecus mutants of the pheno-
type to be 'selected. This was followed by the addition of 'ph'age lysate
to the culture at a multipl)icit‘y of"infeg‘tio'n of 0.2 (i.e., for every
£jive bacteria, one phage particle was added). After 30 mir_x. of incuba-
tion at roomn temperature, the cells were centrifuged and resuspended °

*in 0.5 wl. 0,9% NaCl. 0.1 ml. duplicate samples of this~ cell suspension

were plated on a selectich plate and then incubated at 32°C. If the trans-

b

ductant colonies grew too slowly on the aelection‘ medium, the plates were

transferred. to i7°C on the third day after. the transduction to hasten the

;
- S Y
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- growth. The tmaduct,anta vere purified by streaking for single colonies

on the same type of selection Plates,

'
[




. RESULTS

The purpose of this project was t6 study the genetic' controls of
S 0 ’ .

four metabolic ;activities in E, coli. These metabolic activities are:

b B .
\

(1) leucyl-, phenylalanyl-t-RNA-protein transferase activity;
('ii) proline oxidase activity; )

(411)  serine deaminase activity, and - ) .

i

' '1‘4‘”
(1v) the ability to utilize maltose as the carbon and’
energy source, B

E d ' * 2 , - .o !
~ RQ‘I; genetic study whi¢h involves'screening large pooulations,
[N »\-?"“'v ~ ’ ” )

simple and g‘imziaa‘w?igg; assays for phenotypes are essential. Tests for
s

maltose-fermenting ability and seriné deaminase activity are comparatively

- simple. The qriginal method for assaying proline oxid‘ase,‘ as developed

by Dendinger and Brill (1970), on the other hand, is tedious and time-

consuming. A simplified method is used in this study and Part 1 of this

Results section is devoted to a demonstration of the reliabili ty of the

[}

method as a test for the amount of enzyme aciivity present in the strains.

1

. Part 2 of this section summarizes the 'phenotypic differences

. between the parent Wh977, the transferase-deficient muiamt MS845 and a
revértant, Porl7. Part-3 of this Results section deals with the ‘isglation
of another revertant from the mitant.and a variety ”9; attempts to trans-

Ve N

~ '

. duce transferase-negative straing. Part & is devoted to a st\idy of the

regulation of proline oxidase-in the strains under study.

N . Y -




. . ' Validity of the Enzyme Assay Measuring : '
: Proline Oxidase Activity . 0

ke enzyme assay developed by Dendinper and Brill (1970) makes uae

.
-

. ‘of the J.‘act that the enzyme catalyzes the oxidation of proline into

-~

- & -pyrroline-5-carboxylate, which vill react with o-aminobenzaldehyde to

give a soluble yellow complex. The amount of product can be determined
- - .. e
) by the absorbance of the solution at 420 nm. The total .enzyme activity
| ' { .
in an assay /mixture Qi:s ipdicated by the\increase in absorbance of the assay

X -
mixture during the period of the assay. The assay is done on whole cells

EN]

~- rather than on cell extract because prol:’fne ‘oxidase is a membrane-bound
enzyme. In the method éf Dendinger and Brill toluene is added to the
cells 10 min. before proline is added, and then the mixture is incubated

&

for a further 4% min. with proline.’ 3n the method employed ‘here, toluene,

L prolir;e and o-aminobenzldehyde are.all added at time zero of the assay.
The incubation veridd is also shortened to 35-min. To show that this,
) ‘method ailows an accurate measure of u;‘oline oxidase aétivity in E, opli '
. cells, the following experiments were carried out on E coli strain K10 )
~- . grown on minimel medium 'with glycerol (o %) and proline (200 pg./mi.)
; ) " Response to Enzymel Concentration’
"\P ' , . Whgn thge substrate is 4@} saturating concentration and the enzyme
. { ,

%» concentration is not.too high, the enzyme activity measured should be+

Ly brectly provortional to the amount of enzyme present. 1In this experiment,
" different-yolumes of .cells from a cell suspension at a turbidity of

400 Klett Qnits were added in duplicate to a set of assay mixtures:

©




. The optital density (OD) of the assay mixtures (No. 42 filter) after a

2

5#0 min. incubation was recorded. The graph "in Fig. 1 shows a Plotof

‘thq firal OD of the asaayimixturea againat the vol-ume > of ‘cells added..

I3

It can be seen that'the relation between the final OD of the assay mixtures
. L 4

and the volume of cells added was approxizately linear from 0.2 ml. of cell

: -ugﬁcnaion to'1.0 ml. Since thg amount of enzyme is proocriionsl to -the

amount of cells, it caﬁ be seen that the 0D readings obtained by the present

-

asgay give a valid indication of the amount orf’éiiyme in the assay mixtures.
. i . ' .
) N ¥

o Part lb

L]

Enzyne Responae to Time -y
- S . - y
Upder optimal conditions, the amount of substrate converted to a

prodnct should be directly proportmnal to the time of action of the enzyme,

- at least for ehort time periods. ' To test if this is true for the enzyme

. R J . s
1ncube.ted under the method employed, identical assay mixtdres containing

1 ml. of cell Buapenaion at a turbidity of 300 Klett uni 8 vere incubatedw

T

for 0, 10, 20, ‘&0 60 and 80 min. in duplicate and the fmal 0D of the

asaay uixtures ‘was detemined. The graph in Fig. II shows a plot of the

‘l

o avurage final 0D of the aasay mixtures incubated for any given times

i

against the incubatigh pel:io?s.~ The krgph indicates that the absorbamce
ofi tha\aasay wixtures increased linearly with the durationof incubation |
from 10 min. to at least 40 win. Thé linear natire of the plot indicates
that \dth,in this time the enzyme had not been subjected to significant/

degradation. Absorbance of the, aaaay mixtures did not increase liriearly

in"the firet 10 min, of incubation. This was probably because tl-;e cells

. e ! - .
‘had not been completely perforated by the actionof toluene. Based on

v
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Pigure 11 Proline Oxidgae Assay:
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Activity versus.Concentration of

| E, coli Cells.

Cell; ‘of E. coli K10 were grown in minimal ‘;medi\;m with _

glycerol (Q.2%) and proline (200 yg./m}.), hag:ast;d and

resuspended in buffer to a turbidity of 400 Kiett units.

0, 0.2, 0,4, 0.6, 0,8 and 1.0 ml, of cells vere added to .

;he assay fixtures containing 6.55}4 of proline. The OD »
s of the assay mixturea:was determined after a 40 win. - -

incubation period. ‘ The OD of the a:s:y mixtui-qyincubated .

without cell extract was 70 Klett units., All readings

plotted were corrected by this value.

e
-
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.. Pigire 23 Proline Oxidase Assay: Activity versus Incubation Time). -

(¥

Cells of E. coli K10 were ggown’ in winimal médium with
glycerol (0.2%), and proline (200 pg./ml.), harvested
and:re,suspended in hufi‘nr to a tﬁr‘bidity of 300 Kl’étt e
uni’ts. Assay mixtures containing 1 ml. of the cell .

suspension and 0,55M proliné were incubated for 0,- 10, L]

, 20, 40, 60 and 80 min,, and the OD was determined. The
y _ . 0D of the assay mixture incubated for 0 min., was 90 Kjett

units. A1l readings plotied were corrected by this ' I
. N . ’

value.,
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these observations, a 35 min. incubation period was chosen for the standard

w. .
. Part 1c
Respona‘e to Substrate Concentration |
In order .to’a‘saaydthe enzyme activity in a.cell suspension, the

wubstrate concentration in the aasay‘mi;tn{re must be at a level that
',,,,nturate\s the amount of enzyme t};roughout the incubation period. To find
a saturating concentration of substrate for the essay, various concentra-\
tions of substrate wexfe.used in a set of assay‘mixtures containing 1 ml. of
cell suspension at a tu‘rbidity of 300 Klett units and incubated for 40 min.
The graph in Fig. 3 show.s a plot of the D of the aséay mixtures against
the concentration of proline tested. T};Q graph indicates that the absordb-
cntfe of the assay mixtgrea increased as the concentration of the substr'at(e

increased up to about O.ZM', but did not increase sign_ificantly vhénqthe
. substrate concentration was raised still h:‘ghu:. Therefore a concen'cra-/,
t:lc’n of 0.59; proline was selected as the atanda;d concentration of sub- -
strate for the following aaéaye. Thia concentration of proline is well
above the saturation level for the enzyme (Fig. 3), so that there should .
be no changes in reaction rate due~to changes in proline concentration

durinig a 35 min, incubation, i.4., proline does not become rate-limiting.

L3
>

Part 1d « o

a

Proline Oxidase Assay on W4977 and MS8 U4 511

_ After the assay conditions were determined using strain K10, the

uiiéy was used to determine the proline oxidase activities in strains / e

Wi977 and MSB45-I1. ' The tu_o. strains wvere ‘cul tured in miniqal medgm/ {f/ith

~

¢
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- Figure 3+ Proline Oxidase Assay: Activity versus Proline Concentration ik
‘r ' * ‘ . Qi
. - e = e . . {I',T
Cells of E. coli K10 were grown in minimal Hiedium with - ‘
‘glycerol (0.2%) and proline (200 ng./ml.), harvested and
‘ resuspended in Wiffer to a turbidity of 300 Klett units.
L 2 .
1 ml, of ‘the cell suspension was added to assay mixtures .
containing 0.055M, 0.11M, 0.22M, 0.44M, 0.66M and 0.88M T
4 . B ,//// . .
' of proline, The OD of the assays mixtures was determined - X
after a 4O win. incubation period., The OD.of the assay ‘
wixture incubated without substrate was 61 Klett units. : ‘{,g
A1l readinge plotted were corrected by this value, . ﬁ
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glycerol (0.2%) and proline (200 pg./ml.). ‘One ml. aliquot of cell’

'uspenaion of both atrains at a turbidity of 400 Klett units vere assayed \\/
for their activities within incubation periods of 0, 15, 30 end 45 min,
The 'grag;h in Fig. 4 shows the absorbance of the assay mixtures as a

function of the time of incubation. The graph shows that the OD of the'

assay mixtures of both strains increased linearly with time of incuha—
A

*

tion. The gradient of the curve corresponding to M581+5-II is &, vhile
that corresponding to W’+977 is 0 83“ From these observations, it can
be concluded, first that the assaﬁy method functioned as well in testing

]

the proline oxidase activity of ‘W4977 and M881:5-II as in testing that
1) » N

in X10."° ﬁence, in the following experiments, 1 ml. of ceil euspension
of OD 400 was the standard amount of cells added to the assay mixture.
Secok&ly; the ‘p’roline oxidase activity in MSBU45~II wds about 4.8\ times
higher than that of W497?. Thus, the results obtained here are y

consistent with the resplts reported by Deutch and Soffer (1975). —

. _ Part le

Reproducibility.

w

T<1e assay method was intended to be applied to the determination
of the i7(vela of proline oxidase in st:;a,‘trl"s witl: d?fferent genotypes.
Thl'!h, it was necessary to s_how that a given strain, when grown in any
given' wedium, would show 'the same level of proline ox;ideae as tested by

this method. For this purpose, several cultures of Wl&9?7 and MSBQS-II ‘i—

in minimal medium with glycerol (0.2%) and pr'gline (200 pg. /ml ) were

\ , s;“‘




Figure 41 Proline Oxidase Assay on W"G977" and MSBUS-II,

o

Cells of W4977 and MS845-I1 were grown in minimal °medim’n

- ~ . . vith glycerol (0.2%) and proline (200 ug./ml.), havvested
. end resuspended in buffer to a turbidity of 400 Klett
units. Assay mixtures containing 1 -ml. of the cell sus-

\ pension and 0.55% proline were incubaked for 0. 15, 30 and

— 45 min.,-and the 0D vas determined. The OD of the assay

L o . pixtures is ;lotted as a function of time of incubation.

- ) The zero time absorbance for 1‘&88‘65_-11 was 75 Klett units
and that for W4977 was 7% Klett units. The readings
plotted were corrected by their respective zero time

. " abgorbances.
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assayed for prolix;xe oxidase activity, Table 2 presents the results
of five as;’aya on éach strain. - The mean value of4pr01:lne oxiélaae
activity of Msaus-n. is 50.8, with N standard deviatioﬁ of £ 2.3, The
e ﬂ . oone;ponding mean value for proline oxidase activity of W4977 is 11.2
1.6, As judged from these low standard deviations in proline oxidase
activity of both strains‘, it can be ccnaider_eh that the proline qxidase

N 1

. assay 1s very reproducible,.
4 | ¢

r ‘ - Paxt 2 |

. The Phenotypic Differences Between Wi977
‘ ‘ M3845 and the Revertant Porl?

As is described in the Introduction, MS8L5 was derived from
‘Who7? through\onitrosoguanidine mutagenesis. Nitroa;)gtmnidine is a
strong mutagen that frequently causes multiple mutations in the E, ooli
chromosome. Thus the physiological cha;xges in MS845 may be due to
several mutations at diffeerent loci of its chromosome, rather than to

-

L ane mutation. Similarly, strain R18 isolated by Soffer by “cycling"

MS845 in minimal medium with glycerol (see Materials and Methods), may
have gained the parental phenotypes thrm;gh(an accumulation of mutations.
, ' In our laboratory, a we‘ll-characterized MS845 cul ture was sﬁb;jected to
E ultraviolet irradiation; thch induces point muta‘tions, and plated on
.minimal medium supplemented wifh glucose (0.#) ;nd proline (50 NG /ml.):
'fhe rationale was that the low level of proline on the plate would not

allov a normal growth of ¥S845 and hence would meke possible a selection

from MS845 of mutants with lower proline_‘requiretineut. Porl? wvas

. . ‘
) - . . °
'




- ) TABLE 2
! ! : ‘ .
P The Activity of Proline Oxidase in Strains
W 97 t and M§§lb§'-II
eriment ’ t
) 1
. 2
af”" ¢ )
3
P e . “
N 5 .

mean'* standard deviation 11.2 % 1.6

Cells of strains W4977 and MSBbS-II were grown in minimal

medium eupplemented with glycerol (2%) and proline (20 pg /ml )




1 e e P DIty N ;{L{YV‘.‘W*‘}? DS IO S O L T gm0 ot
M N - . LSy “ e S -
. r

o , S, 39

holaatod ‘in this vay. Thg phenotypic"dif.fer'encé(b'et\ioen the trans-'h
‘ferase-negative strains MSB45 and MS8Y45-II, the parent WO977 and the
rav;rtzmt Porl?7, are shown in the following p;ragrapl;m. Since HSB‘&S
vas lost during’ the studies, ard was replaced by the "low proline- | ¢

requiring" strain, MS845-II, in the course of cultivation, some assays

could .only be done on MS8b5-I1, . o

, . \ Part 2a )
' Differfences in Résvonses of Proline Oxidase Activity 1n
w4977, HSebs-II- and Porl? to Proline Induction

‘Strains Wk977, MSB*OS-II anfl Porl?7, grown in minimal medium with
—glycerol (2%) .and prolin; (200 pg./ml.), vere assayed f_of proline oxi-/_
dase. As can be .seen in Table 3, the prolline oxidasa ievel in
MS845-1I1 is considerably mgher than that of the other two strains.

The revertant Porl? has as low a’level of proliné oxidase as W9‘?7-

This auggests that the inability of MS845. to grow in low proline medium

is due to an elevated’ level of proline oxidgse.
~ 8 .

2]

. . o - . i . \ -
- o The increased activity of proline oxidase in MSB45-II' could be

" dnue either to an increased constitutive expression of the gene or to an

\

increased sensitivity to prolme induction. Since the three strains are - -

]
[ 4
4 W

all auxotrophic for proline, proline oxidase can only be assayed in cells

grown in the presence of proline,'the inducer‘ of the enzyme‘(])endingerv

apd Brill, 1970) “The. folloving experiment indicates that strain
. R )

MSG‘ts-II is more senutive to inﬂuction. .

©

e

- Proline-independent "dey vatives of MSBU5-TT, Wh977 and Porl? were
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> Prgline Oxidase Activities in Strain W4977 and Its Derivatives
Strain o Mdition to ngnm; Oxidase
N Coe " Growth Medium i
va ©Whg77 - Proline ’ 3 U
! 3 i A8 .
T . MS8ls-I1 Proline © 51
"> Porl? Proline ' 14 -
1. wugyr/ouy. h um{ . 6
- ) ‘;::v-‘ ’ - '
: « Proline .- 9\
, . - MSBu4s5-I1/Cub B None : - 6
' Proline ' 48
/ ¢~ A3
» . . f 1 — . . ,
. Por17/Cuk4 L None ) &
Proline . 9

Sttains were g;'o(\'m in minimal medium with gly'c,eroi 0.2% proline added

at 200 ng./ml. Proline oxidase i expressed.as ‘03/100 K.U. of cells.
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d cmtructed by transducing the strains with P1-Cm phage grown om strain h
‘CU# a prototrophic strain of E E, coli K12. Proline oxidé.u assays wvere
then carried out on the transductants (W4977/CU4 MSBL45-11,/COL and
Por17/CU4), which had been grown in minimal medium with glycerol (0. ),
with and without proline (200 ng./ml.). The proline oxidase levels of
theee cultures aré shown in Table 3. b

As can be seen, MSB45-I1/CU4, W4977 and Porl?/CU4 made similar
lov 'leve_la of proline oxidase when grow;x without proline. whqs grown
with proline, strain MS845-11/CU4 had the high level of proline oxidase
comparsble to strain MS84s-I1, whnreaa etrains W4977/Clk made the same

lov amount of proline oxidase as W497?7 and Porl?. . It can be concluded,

therefore, that in the tranaferasa-negative'mutant,J MS845-11 proline
oxidase is produced'at a level similar to the wild type, but its enzyme

is noré highly induced by proline than is that of its parent and its

l . . t

'
Part 2b

Leucyl-, Phenylalanyl-tRNA-Protein Transferase
Activity in WL977, MS845-I1 and Porl? ’

Strains W4977, MS845-I1 and Porl?7 were'assayed for transferage

activity by the method described. The results éf two separate experi-
n
ments are shown in Table 4.  The data show that a significant amount of

radioactive leucine was incorporated imto material insoluble in hot TCA

in t%e agsay wixtures containing lysa.tes of W4977 and Porl?7, vhile a
very lov amount of radioactivity was' incorporated in the assay mix“ture

containing a lysate of MS845-I1. This indicates that Wi977 and

¢




Lysate

None

W77

Porl?

MS8LS-TT

m w4977, MS845-T1 and Porl'

t, 1 ]
cpe incorporated

he

1279

1715

132

, 900

Transferase activities of the strains were repprized as counts of radio- -

il

activity incorporated into material insoluble in hot TCA in each assay

wmixture.

1uc-leucyl~tRNA was ugsed as the substrate,

The amount of

tENA-bound radioactivity sdded 1 Experiment 1 was 16311 cpm, Experiment

‘ 2 was 16874 cpm.
experiment in which no cell extract ves added to the assay mix

the assay mixture was filtered after an addition of 5% cold TCA.

e
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These values were indicated by a control in each

es and
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Porl? both h:ve'signifiunt transferase activity, and MS8L4S.1II does

Part 2¢ /

a

o not.

Sqrine Deaninase Activity 4n w4977, MSB#S,
' ‘MS845-11 and Porl? '

o
/

T

The serine deaminase activities of the strains Wh977, M584S,
i
MS84s5-11 and Porl7 are shown in Table 5. The results indicate that
MSgus5 and Msaus.n bave much elevated levels of serine deamigase when

grown vithout leucine. These levels were about seven to eight times

higher than the un-induced enzyme level in W4977. However, .the strains
are not further induced by leucine. This'.ia in contrast to the parent
strain in which serine deaminase ;ctivity"increaeed from 0.49 units in b
cells grown without leucine to 1.54 units in cells grown with leucine. ,

The serine deaminase activity in strain Porl? is exceedingly low - the

level can barely be detected in cells grown without inducer. The ! .
level ias inoreased in cells grown with inducer, but even this level is . .
less than the parental iun-induced level. . .

Part 2d

Ability of Straine Wi977, MS84S, MSBL4S-IT and Porl? to ,
Utilize Maltose and their Sugceptibility to Phage Lambda Vir g N

" When streaked on MacConkey maltose piatés, w977 appea;red to 1 - \'
. ' . v + o

be teddish pink. Because this appearance is markedly different

~~‘—masmw:w«.w-zz‘uim‘»w.:wf;&n:fsﬂifjxiﬁ,'.' o 2t Gy S AR e Y SR NN
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- eaninase Activity in Strains of E. Cold
g * ‘
Strps . pmole Pyruvate Formed/mg. Protein o
Addition to Growth Medjum
) None Leucine .

Wk97? 0.49 1.5 A

MS8lS5 ' 3,81 . 3,12 \
) MSB4S-IT bt ) 3.25

’ Porl? ~0,10 . « 020

The bacterial strains were grown in minimal medium Qith glucose 0,2% and
proline 50 »g./nl.

In induction-experiments, the media were further
supplemented with 50 ng./ml. leucine.




a

from that of the usual Mal® strain, they gre‘ referred to as Ma1l,

MS845 was totally white on the plate, indicating that it was unable to

fement maltose, This was also true for MS8US-IT.  Strain Porl?

appeared similar to W‘*977. .'l'o show that MS845-I1 cannot really utilize -
maltose as sole carbon and energy source, while Wi977 and Porl? can, the . )
three strains were cultured in minimal media "v:lth glucc;se (0.2%) and

proline (50 pg./ml.) overnight, ard then subcultured in minimal pedia

with proline (50 ng./ml.) and thé following additions:,

)

(a) - glucose (0.2%), ° '
() waltose (0.26), - ‘ )
(¢) glucose (0.02%), and 7
" (d)  glucose (0.02%) and usltose (0.2%).
After 12 hours of incu‘bationaat 37°C, strain W4977 and Porl? were found
to grov in all’ the media. ) Both aﬁaiue had lower cell density in
\cgture (e) th;%) in other cultures. This was due to the low level of
carbon and energy source in the\ medie. MSB45-II was found to grov in
all wedia containing glucose, but not in the one w’ith maltose only.-

Cell density of MSB45-II in culture (c) was much lower than that in

culture (a). The cell denmsity of culture (c¢) and culture (d).were
appi'oximétely the same. These'nobaervations indicate that nS84s-11,

unlike W4977 and Porl?, ca!inot gros‘l' on maltose as the sole source of

carbon and energy, and this inability tq grov is most probably not




due to a difficulty in adaptation.

' It ha:s been ;-eported ‘éht the mald gene codiné for maltodextrin

paﬁeuc is in the same operon as lamB coding for the receptor proteins

( fog.' phage lambda (Hoi‘nunz, 1974). A mutation in the prdmoter or operator
of this operon, or a mutation in the regulatory gene malT will result in

3}

4 .
an abnormal expression of both-malB end lamB., The consequence will be

\

ge, and

two-fold:

{41) a loss of the ability to use malto

(11) resistance to phage lambda vir.

tion, strain W4977, MS845-I1, Porl? and two known palB mtants vexe_tested

, for their auchptibility to phaée larbda. Strains cultured in Luria .
Broth supplemented uith'ma.l‘tose (as inducer5 were streaked on'LB I\alatea.
Phage lambda vir were spotted on the streaks and the plates were incubated
at 37°C for 12 hours. Strains W4977, MW8kS-II and Porl? were found to
be susceptible to phage lambda vir as:indicated by :lack of Jbacterial

growth in the streak wﬁere phage lambda vir had been spotted. No inhi-

bitions of bacterial growth were observed on the stresks of culjburea of

}. ' ) ’ tvo @B mutants. )

| The conclusion that the strains are lambda-sensitive was further
strengther}od by an experiment i‘n which cultures of .the five strains were
mixed with phage lambda vir and plated over LB plate in soft agar. Con-

fluent lysis vas obérved in the soft agar containing w4977, MSBL4S-II end

J o - .

L]
¢

. i ~
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Porl?, indicating that the atrain; were a;xbjected to :lysis“ by Phege-lambda
‘wir. No lysis was ‘seen with the malB mutants. " This sugéast.ovH tt;at
HSQI;S-I;, 'W4977 and Porl? d°». not have mutations in the rggulntory genes

of the malB-LgmQ operon.

Part 2e . ' )
» - Summary
" The above data show thaf; W4977 and Porl? have ‘similar l;henotypea

with respect to the fouf chsracteri)atics under study. ' The transferase-
ﬁegative nutant(a) is significantly different from them in these four
characteristics. Porl? has been selecteti as a single step reverm}t{
. HSBhs,selecting for lovw proline i-equirement. T};e fact 'that the other -
characteristics have also reverted is convincing evidence that the four'
character{stics under study are ;fi‘ected by a single gene. A"s discussed
in the description of the strains (Materials and, Methods), M58“§ has lost
the "high proline-requiring" charac'ter in the course of cultivation, and
its derivative, MS845-II1, a form that grows well in minimal medium with
glucose (2%) and proline (50 yg./ml.), but is otherwise similar, is the ) &
only remaining tranefera.se-neg.ative strain. Thus the isolation"of a “ow -

proline-requiring" revertant cannot be repeated. The further experiments

required to confirm that all characteristicg are influenced a single




Part 3

. Cenetic Study of the wyb Gene
Part Js ' B
Isolation of a Spontaneous Revertant for "Lov Proline-Requiring"
Character from MS845-I1

Proline oxidase is subject to catabolite repression. This has
been confirmed in our studies, as shown in ITable 9 in /Part 4. Thus when
grown with glycerol, MS845-II, the "lo® pm‘\line-requirihg" derivative of
MS8ks, wa; found to have twice as much prol}ne oxiciase as when it was grown
with glucose. .Concomitant with the increas‘\e in proline oxidase activify,

. MS845S-II required a higher amount of proline“ to attAin a normal growth in
medi_um with glygerc;l a8 the c'arbon gource thar\x in medium with gluccse as
\ the carbon source. To select for "low prolin\‘e-requiring" revertants frqm
MS845-II, the strain, MS845-II, was cultured in Luria Broth until -th? cell
- . density reached approximately 2 x 108 cells/;nl. 0.1 ml. of this culture was
- plated on minimal medium with glycerol (0.2%) and proline (15 pg./ml.)
After five days of incubation at 37°C, appro,iimately .30 small colonies
srose from a rather thick background. These color;ies were purified on .
- the same type of selection plates. They were found to resemble W4977 on
MacConkey maltose plates. One of them, designated as THEK4, was further - e
- characterized and the results are shown in Table 6.. These results indi-

3 ' , .
cate that the "low proline-requiri?" revertant has low proline oxidase ‘ -

aimil'a;.r to that of W4977. It has significant transferase activity. Its .

L-serine deaminase activity is as low as Porl? and the enzyme activity

- \
responds to leucine induction as Porl7. It is clear, from these data,

¢ ’ that this revertsnt has restored most of the phenotype of W4977, This . 1?

' P o,
0 .
. e
ce . .,




TABLE 6
logioal aracteristics of THEKS

Proline MadConk

Transferase Oxidase Serine Deaminase Maltose

nonind . ind

?

THEKY o+ 9.5 ~0.1 - 0.2

3

Porl? #2 o ~0.1 0.2

Proline oxidsse is expressed in 0D/100 K.U, of cells.
Serine deginaae’ is expressed in pmole product/mg. protein.

Fonind - no leucine in the medium, ind - with leucine.

. Growth in

¥altose
Minimal
Medium

.
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strain is m;)at likely to have resulted from one step mutation of a gene
rather than an accumulationof several mutations. None of the mutant
characteristics other than the proline oxidase lcvel'aoém to be selected
against in winimal medium supplemented with .glycercl and a low level o!
proliﬁé.‘ “Maltose is not present ‘in the medium. A high lével of serine
deamina'se does not appear to hinder the celis. Nothing is known abou@
the physiological importance of the transferase., In any ca\»se, ’the
possibility that all gharac’teristi'cs a:“,g selected simultaneously, bdbut

by independent mutations, is exceedingly unlikely. The identity in

phenotype of this revertant, THEK4, and Pc;rl?, -as indicated by their

-

~ Aevels of serine deaminase activity and proline oxidase activ'ity, implies’

that these two revertants have very similar genotypes. Thus it seems

likely that these two revertants are the results of one step mutation of

-

the transferadeless mutant. Hence, a hypothesis is made here - the

' four characteristics involved are affected by the expreésion of one gene.

’

This hypothetical gene is designated wyh. W4o?7 is regarded as pheno-

\
typically Wyb® and MSBLS, as well as MSBL45-II, are regarded as Wyb~. ° The
expgriménts to be described in the following sections were done to verify

the hypothesis, %

¥

-~

. Part N
Transduction of wyb

To investigate the expressions of ¥yb in the cells, attempts were

made to transduce the wyb* gene from W4977 to MS845-IT and the wyb™ gene
from MS845-11 to W4977. B

li




* 1. JIransductions using MS845-II as Recipient

P1 phages grom on W4977 were added to MS845-II and the cul ture
‘was plated on ninizal medimm uith\ultoue (0.2%) and proline (50 ypg./ml.),
and on glycerol (0 #) with proline (15 »pg./ml.). The rationale of the
experiment was tha:; if wyb* really influenced maltose tementa.tié;x, then
a MS845-IT éell, heving acquired wyb* through transduction, would be able
to grow on the selection plates. The colonies developed on tl'ne plates
oould then be teated for other characteristics under sfudy to see if they
vere aleo transiuced. According to the same rationale, if the .‘:'I!+ cells
have lover proline oxidase activity, they should be \able, to grow even on
-glycerol wi trf lower proline supplements.

Malt transductants of MS845-II were obtained on the selection
plates six days after the transduction. Three were 'test?d'rbr the ofher
phenotypes. However, they u‘er‘e found to have serine deaminase and proline
ox}daee at high levels .comparsble to HSBhls-II. They also showed negative
trag:ferase activi ty (data not shown). Thus, it seemé that only the Ma/il+
eht‘xracter has been transduced in these MS845-I1/W4977 strains.

HSB%-II wAs tranaduced. to r;aaltose-poq'itive by M. Schwartz of the.

g Institute Pasteur, using aﬂphagea ¢80d___l_,A l This atrain, THEK?7, was

tested for other characteristics inéxr laborabory e.nd its characteristice

_are showvn in Table 7. y{u that THEK? has the phenotype of strain

MSB45-11 for all characteristics um}er e tudy, except&:i“or maltose utiliza-
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TABLE 7

s

- : Physiological Characteristics of Strains THEKS, 6 and 7 . ’

) Pyoline MacConkey  Growth in

_ Strain [Trensferase Oxidese Serine Deaminase  Msltioee

’

nponind ind
THERS - .52 4.8 5.7 %
THEK6 . T ows b6 4,7 :
. .
' mHER? - ks 3.9 ¢ 29 -t .
meabsTr - R ka1 33 . -
" «g}qiing oxidase is e?xpr;gsed in 0D/100 K.U. of cells )

. Serime deaninsse is exprqgsed in umole product/mg. protein.
' N .

A

Maltose
Miniomum
Medium

n
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Ai‘ter five_ days of incubation, 'aa nany 9;>lonios developed on the control .
plates as on the trensductant plates., These were more‘ likely fo be spon-

N 3

taneous revertants than transductants.

2, Transductions with MS845-II as D°9_gor

3’; ) After éncmmtering the above difficu\ltiea, attetfpts were made to

N

transduce W4977 to wyb~ by‘ phage grown on MS845-I1%  However, it proved

; Qifficult-to grow phage on MS845-II.  When P1-Cm phage and a MS845-II
‘culture were croas-atrealgi:d on ‘& chloramohenicol LB plate, no MS8l5-11
,ljsogens appeare]rl along the streak after two dayg of {ncubation\,\ a duration
which is uauallyJ long &mough for éblonies of lysogenic bacteria to develop.
Instead, mimite colonies started to appear on both the "cross streak” and,
the control at;‘eak which had not been exposed to phage. These am.all R
colonies were most probably chloramphenicol-resistant derivatives of
MSB45-IT.- It seemé that the chloramphenicol method of making lysates

4 4

P . camnot be applied to this strain. Preparation of phage by the plate

. lysate method (Miller, 1972) was also attempted but was unsuccessful.

Théhe facta may indicate that MSEI&S-II is not able to support normal
‘ -

-replication of Pl phages. The same conclusion ig reached from the fact

that in the franaduétiops of MS8L5-II and Wk97? to prbline independence

by phages grown on Cu4, only threeltra_nsduétants vere obtained when

MS845-IT was the recipient, while Wk377 gave as many as 200 transdictants. .

©

-

: h ) Part 3e
S Selection of U 5.-indixced Mal* Revertgnts of ﬁ§8b5-1i T

’ '! In an attempt to select Mal* revertanta, MSB'&S-II grown on minima.l ;'

ned:lum with glucose (0. 2%) and pmline (50 pg./m1.) vas irradiated with
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ultraviolet light. A portion of the irradiated cells was plated
L ‘imedig.tely on minimal medium with maltose,(o.‘#),and proline (50 pg./ml)
Another portion of the irradiated cells was cultured in minimal medium
. " . with glucose(0.2%)and proline (50 pg./ml) for 12 hrs. and then plated on
. : the same type of maltose selection plates. ‘Cells plated immediately

@ B [}

R ot after irradiat:lon gave rise to 'nry small alow-grouing colonies vhich

vere found to-be maltose-negatiVe on HacConkey plates. Those plated
e after an intemediate cultivation in g}u@se-supplemented liquid medium
Y ‘ gave only slightly larger colonies even after one week imcubation at 37°C.
' Among these colonies, tvo vere found- to be qmaltone- on MacConkey platea.—.
They wvere 1ac;lated and d_gsiqmzted as THEKS and 6, The phenotypes of the
2 | e ,‘ two strginf wére determined and are shown in Table 7. 'I;he résults indi-

]

p - oate that ,THEXS and 6 have the phenotypes of MS845-I1 for all character-

dstics uh;}er study except maltose~utilization. Thus THEKS and 6 are not

R .
g_bf but do ferment-maltose. ﬁxia result nay be due to a new ultra-

violot induced mitation. resulting in'a by-pass of the effect of the wyb

\
wutation on the maltoso,—utilizing ability Ir thisavere 80, the effect .

v

§« ¢ - of the gjg on the other cheracteristics would not be affeoted.

» ° \ K3 v
- . ——

. v |
o ) . m t . . . , f
. : v . ‘ - p . !
L e T Transduction with Porl and THEK5 as Recipient Strains |

In the process of characterizing THEXS and 6; their reaction to

N , . phage ini‘ecjﬁion was also tested, = It was found that both strains could be ~)‘

lysed by P1-Cm, could establish lysogeny with the phage, and could be
‘ﬁ-'pnsdﬁced readily to proline iﬁdependence by the-phages grown on CU4,

. In other words, the behaviour of the strains to‘&u-( phage infection was °

. t
3
« N

.
< . . PR -
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-’ﬁihr to that of prototrophic E. cg:n. Because of these obaervationa‘,
Porl, another m" strain having low i)roli’ne oxiﬁase"activi_ty and d.erivod
from MSB84S, was also tested and found to suppont Pi-cm growth.

Strain Porl was then transduced to m&itoae positive by pﬁge
grown on W4977. Eighteen transductants to Maltose positive were able to
~ &rov with maltose as carbon and e;xergy gource, but had high serine deamin-

ase. Two vere tested for transferase activity and found ‘to be trans-
ferase negative. ’Tlmu these Malt transductants, like MS845-I1/W4977 are
. probable wyb~ but have acquired someho ;.the‘»maltose fermenting ability.
Since TﬁEKS was pr'o\(;ed to be aTmuch better recipient strain for
transduction vith P1-Cn than@@S845-I1, an attempt vas made to transduce
. mms to "low-proline-requiring" with phages grown on Wk977 ;vith selection
“on winimal medium vith glycerol (0.2%) and proline (15 ng./wl.). THEKS
itaglf gr'eﬁ aléwly on the\ gelection plate and foi-m?d,a thick background
as had MSBY5-II, After six days.of incubation, colonie; develoféd on
_both the control plates and the transductant plates, with about tvitl:e as
ialuo' on the f.ranaductant piates. This relatively emall difference
between the dtransductant plates and the c;mtrola makes it impossible to

»
decide whether there are real transdictants. The cblonies were therefore

@

not examined further,:

\ Pgrt Je
A Trial of Se;eml Nedia for Selecting Wyt or wyy,~ Phenotypes
" The failure of ;che preceding experimenf.s' vas probably due to the
fact that the medium aupbf}mentea wvith glycerol and proline (15 ,'ug./ml.)

: &
does not select sufficiently against Wyb~, A rather unsuccessful search

N\




for a better selection medium, vhich would support the growth of the

, AN
strains of one phenofype and not that of .the other, was.carried-out.
. . &P
The wmedia which have been tried and the rationale for trying them are

_ listed as follows!

1. Minimal Medium SAmmonium Sulfate Omitted) with Proline me. ml.)
as_Carbon, Energy and XNjitrogen Sougs e ) °

Strains with high proline oxidase (Wyb~) might be able to meta-

bolize proline effectively and be able to grow in wedium with proline u
the sole source of carbon, ;nergy and t;itro’gen. The straing with low
proline oxidase (Wyv') might have difficulty growing in this, medium.
Hence, this medium might be selective for the Wyb~ phenotype. ﬁoucver,
it was found that Vlb977 and all derivativea tested vere upaM; to grow
vwith proline as the sole carbony energy and nitrogen source.
2. Minima) Medium with Glycerol (2%) anleroline Anjde (1 mg, /ml. )

A few analogs of proline are known to have inhibitory effects
on E._coli (Shive and Skinner, 1963). Proline\pnide is an analog of
proline and thus there is a possibility th?:t it caigbe a substrate of
proline oxidase (see Appendix II). It was hoped that a strain with high
proline oxidase (H}b') could metabolize the proline smide supplied in the
medtum and hence its grovth would not be inhibited, while a strain with
lov proline oxidase (Vyb"') might be inhibited. Since the toxic effects
of proline analogs are uﬁally reversed by proline, MS845-11/C04 and
wk977/CUL, the proline independent transductants of MSB4S-II and W4977

vere tested for their ability to grow on medium with proline amide, but

without proline, It was found that proline amide was not toxic even to

strain W4977/CUb4,




According to the same rationale, serine wethyl ester was added

to the medium to see if it could inhibit the growth of strains with -low
serine desminase (Wyb'); but not the strains with high serine deaninase
(yjb‘). However, serine methyl gster ciid nol interfere with the growth
of either strain. jb -

k.

Minimal Medium Ammonium Sulfate Omitted) wi th L-serine (2 mg. ml. ),

L-serine is toxic to E. coli strain K10 and most of its derivatives
N e ==

_because 1t inhibite L-threcnine deampinase. The toxic effect can be

&

%ruliwed vhen isoleucine and valine are also present in the medium. In

" such wedium, & strhin vith high L-serine desminase (Wyb~) might make use

of the L-serine as a carbén, énergy and nitrogen source. If the strain
also has'bixigh proline oxidase activity, then the high concentration, of

proline in the medium may enable the strain to grow still better., Thus

* this medium msy favour the growth of Wyt~ strains and not that of Wyb* -

'st;'aina. It was found that W4977 grev very poorly' on this medium.

MS845-11 grew better, but Porl? was unable to grov on the medium. Thus
this medium does: differentiate W4977 and MSB4S-II, but the difference in

growth opéttern is very small. Hgwever, tl\ti'a wedium does differentiate

MS845-IT and Porl? to a significant extent. ’ éf
1 | I/ - 5

/ - ., Part 3f
. . Transduction with Porl? as the Recipient
N {

Bebauae'.the medium with serine, proline, iscleucine and valine

sppeared at least somewhat selective, an attempt was made to transduce
5 . . b ' ) t

[ -
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Porl? with phages grown on THEKS gelecting for growth on the above
medium. Ko -coloniea were found on the transductant platos in the first
‘ eight days of incubation. ll After thaty tiny colcnigs appa on the
transductant pme;.- ‘These colonies ware isolated, teated for' serine
deaminase and proline oxidase acti}ities, and were found to have as low
8 level 6f serine deaminase and vroline oxidase as Porl7. ,Thue 4hey are
nost probably m" strains t;‘xat,are regsistant to aerino toxicity. - It

-can b‘e'concludegi that the transduction of Porl? to Myb~ was also .

4 / n
§

unsuccessful .

Pdart g ' - ‘ L.

Evaluation of the Methods of Phage Production .
and Transdqction \

A To be sure that the failure of the transduction of the b gene
g T
vas not due to faulty phage techniques, other transduction experiments with

;—«the same phages and by the same methods were carried out. Phages P1-Cm
"~ ~"grown on W4977 and on THEKS were used to transduce strain CU1008, carrying
' an ijvA deletion and ‘incapable of isoleucine biosynthesis, Yo isoleucine
independence. In both experiments, about 200 colonies-appeared on each
of the u'ansductant plates of minimal medium, with no amino acids
supplement, three days af’er the transduction, vhne no colonies appeare
on the control plates. Thus, the methods of pbage production and trans
duction secmed to be working well.
& . ' pargm - : :

‘ o - Sumary

'l'he result of the work described in thia section can be summarized

. ‘ ¥
, . ::t ' 4 -
\ . c-
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a9 followss m MS845-II, a revertant, THEKAL ,.with a low proline

roquiraiiént m isolated. This reyertaiat was identical to' Porl? in ::he
four characteristics studied. This strongly indicates that the four ’
characteristics are under the influence of one gene. On the other hand,
none of the Mal® deri)va,tivea of MSBUS-II isolated for the Mal* character
‘uppear‘ed to be Wyb*. These Mal® strains include the transductants
HSMS-IIN“977 and THEK?, and tvo‘ultrav/iolet-induced Mal’ mutants of
12831&5-11. All these strains were very similar to M3845-II except for
the maltose character. - In addition, Porl, a derivative of MS845-II,

vhen "transduced with phages grown on W4977, also gave rise to trans-

It is thus possible for a strain to regain the ability to use maltose

- vhile maintaining the !y_g. genotype. The various attempts to derive
P ¥yh strain from W\yb‘\"oy tranaduction were not successful. It is clear
aﬁd unifortunate th;t none of the transd;zction experiments in transducing .

either ¥Wyb* to Wyb~ or Wyb to Wyb® were successful. That the trans-

L4

duction methods and the phages preparation were not at fault wasJ demon-
strated by a successful transduction of another marker, an ilvA deletion,

' , with the same phages and the methods used for the wyb study.

h ‘Pa;t b4 o
Regulation of Proline Oxidase in Strains W497? and MSBUS-II

a

Part 4a -

o

Teat of Leucine and Phenylelanine-as Possible
ce L . Inducere of Proline Oxidase

It is clear that the parental charactsr of serine deaminase is

sltered in MSg45 (Table 5, Part 2¢). In our laboratory, anothér amino

ductants with no transferase activity and high serine deaminase activity. .
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acid degradation enzyme, threonine deaminane, which is inducible by

leucine, was also found to be affected to & very :ligh; extent in the
transferase-negative mutant (1,68 units in MSB45-II as compared to 1.49
-units in W4977). It seemed possible, therefore, that prolime oxidase
vhich degrades proline and t)}e activity of which is greatly affected by

the tfanefarase mutation, may also be a leucine-inducidle enzyme. To
examine thia, and to see whether phenylalanine, the other amino acid trans-
ferred by the transferase, is an induce,r‘ of proline oxidase, the fo.llowing
experiments were carried out: E, coli strain K10 vas grown in minimal
medium uith,giycerol (0.2%) in the conditions noted in Table 8. Strain
W4977 which has a much lovwer proline oxidase than K10, was also tested

for the possible induction of proline oxidase. The strain was grown in

ninimal mediux with glycerol (0.2%) proline (200 yg./ml.) in the conditions

noted in Table 8. The results of proline oxidase assays on these culturea.
shown in Taisle 8 indicate that proline oxidase' \ig not induced by either
leusine or phéwlalanine, but is inducible by proline in strain K10, The
addition df either leucine or phenylalanine with proline does not increase
the induct:@on due to proline. Thez:e,% gxuch less enzyme activity in

W4977 than in K10 when proline is present. ),; This low level of proline

- oxidase in WL977 is also not’ inducible by leucine and phenylalanine. Thus,’

it can be concluded that praline oxidase ig different frosﬂ‘ serine iieat;inase

with respect to induction by leucine.

<
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Catabolite Repression of Proline Oxidase in'
Strains W4977 and MSB45-II . ~

trains W4977 and MSB45-II were tested to see if their levels of

[




TABLE 8

2

L R -{"Sﬁ" ‘.l R N -

T

Regulation of Proline Oxidase in Glycarol-

. ‘Cultures of--Strains W4977 and K10
’ Experiment Strain . Addition %o Crowth Medium Proline
- ‘ . ‘ Oxidase
1, K10 0 ' 7
. Proline ; ., 63
-
Leucine, ile, val ' 9
Proline, leucine, ile, val 61
2 K10 0 - 10,
‘ - Proline \ 93>
: Phenylalanine 13
' Proline, phenylalanine . 87 3
t 3 whe77 " Proline 1
; ) , _ i Proline, ph{r\\vlalanine 10 S
: ’n Proline, leuc;lne, ile, val '-*"’10 ' .,

. 9 -
hd ¢
ye

Leucine added"at 100 pg‘./ml., with isoleuciné and valine 50 yg./ml.;
phenylalanine, 100 ng./nl.; proline, 50 yg./ul. (K10) or 200 ng./ul.
(Wh977); proline oxidese is expressed in 0D/100%4:U, of cells. , :

*In Expt. 1, isoleycine and valine were.added to relieve the iphibitory . '

[

- affect of leu’cine on the growth of cells, .
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proline o’xidgse vere f.mt:,je‘c{:a to catabolite repre"aaiofuhy .zlueo;e. . ‘h"m'
two strains were cultured in minimal mwedium with élycerol (0.2%) and
proline (200 yg./ml.) with and ;vitvhout 0.2% glucose. The results of
proline oxidase assays on these cultm‘is are shown in Table 9. ‘1’59 data
indicate that the proline oxidase activity of MS845-11 cultuz'ed in the
presence of glucose is half as umch ag that in cells cultured vithout
glucose, Thus the enzyme of MSB#S-II iu’wmb,ject to catabolite repressicm.

The low level of proline oxidase activi ty in Wk977 does not seem to be:.

‘altered by the presence of glucose., If the enzyme was s\uhject to cata-

bolite repression to the same extent as that of MSB45-I1, the assay wethod

used here uould have detected the change. It can be c;oncluded that the

proline oxidase of W4977 is not subject to catabolite repreasion by

\ \

glucose, tut the enzyme in MSB4S-IT is,
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-TABLE 9 k
Catabolite Repression of Proline Oxidase by
. Glucose in Strains MSBk5-I1 and W4977
N T ) . - . . . )
tivity of P Oxidase .
3 ’ , ’
Strain . - . No_glubose 0.% glucose
wu977 15 1k
T . ’ : a '
» ’ MSaks-1T , ) , b 22
- ﬂ RN
- e . -~ =

Strains were grown in minimal medium with glyc?rol' (0.2%), prol.h%\~
. (200 ~)ag‘./ml.), with or without glucose (0.2%). Prolm oxidase astivity -

3

is expressed as 0D/100 K.U. of cells. . _ .
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DISCUSSION

T!n wain phenomenon described in this the;ia is the following:

. [
— —a strain (MS845) deficient in the enzyme leucyl-, phenylalanyl-tRNA-

1_>rotein tranaferaae has been found to differ from it_s transferase-containing
parent (W4977) in four-physiological unrelated metabolic activit_i;a. From
the transferase-deficient strazin, two independent revertants (THEK&,?orl?)
have been isolated. These revertants show essentially tfxe same phenotyve .
as the transferase-containing parent. Fr'om this it is cont;luded that the
foo;xr metabolic a:ctivitiea are infiuenced by a single pleiotropic gene.

These changes in metabolic characteristicé aret

-

a n

1. [Trapsferasge Activity

The parent strain W4977 has a detectable ﬁmount of transferase

' \\ . ‘ N
activity. The mutant MS845-II shows an insignificant amount of enzyme
activity, vhile hofh revertants, Porl7 and THEK4 have regained transferase

activity (Table 4).

2, L-gerine Deaminase Activity
The-level-and the inducibility by leucine of serine deaminaé;é

in W;+977 is about the same as that of other E, coli strains studied in

our laboratory. Strain MS845 had s;ven/timea as mich aer:lne' deaminase

activity as W4977, but the level of activity did not change in a culture

supplemented with leuncine. Both Porl? and THEKY4 have very low, though
\ .

“detectabld, serine deaminase activity (approximately one-fifth of that

64 R ]
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of W497?).  Their levels of serine dennimse are about two-fold
gficreased in the presence of leucine (Table 5). oo

Strain W4977 has a lovw Yevel of proline ox:ldaae activity.

' 35845-11 has 4-5 times as much proline oxidase activity as V'*977 when

s bojh are cultured in glycerol medium supplemented with prolifie. — The
‘revertants have the same level of enzyme activity as Wi977 (Table 3).

. . L )
k . k. Apility to Utjlize Maltose as the Sole Carbom and Energy Spurge

W4977 can grow on maltose as sole garbdn\a.’hd/\energy source.,  °
It appears pinkish when stresked on a MacConkey maltose plate. MSB4S .
L could not grow on ulﬁgse and appeared white on' a MacConkey maltose plate.
. Porl?7 and THEKL reg::lned the ability to utilize maltose as the sole source
of carbon and energy. They appear similar to W&;)?? on a MacConkey -
maltose plate. - )
. : As judged from-the experimental data, it is clear that P“orl'? snd
Tma, isolated segarately, have.alunost identical pﬁenotypea for the fouz

characteristics concerned. Thus, it is very likely that the two strains

have very similar genotypes for the four metabo{ic activitiee under study,
Thia,' ‘t;ogether with the fact that both revertants were selected in medium

. ‘ = i -
vhich favoured only the reversion to low proline oxidase activity, but

not the reversion of other three phenotypes, sug’gesﬁ that these revertants
regained the parental phenotypes through a one-step mutation rather than .
through an accumulation of aeveral mutations, , The gene that id thought
to bde resp?aible for t)xé changes in phenotyypes is caned !L

Othexr experiments designed to\;urtber confirm the exid:ence of the-

' vyb gene vere attempted. ‘Mal* mutants isolated from MS845-II after
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ultraviclet treatment were found to retain the phanotype of MSBM-II for \\ 3
N . nl the characteristics concerned except-for the maltose-utilizing character.

¥al* trensductants of MS845-II and Porl also retained the phenotype of the

MYbL~parent for the other three sharacteristics. Thusy none of ﬁese expel:i- '
'mtl can conf‘im that the fouf characteristi‘c; under study are under the
"/ inﬂmce of one gene, though they do not disprove it. The nature of

these strains vill be discussed later. In the’ following paragraphs, the

\ pleiotropic effect of the wyb gene will be int;erpreted further with the

. pesults obtained in this work. |

If the fouli' metabolic characteristica are really affected by one
gene, what night be the me(‘:hanim' by which the effects of this gene are
.tranni’tted? Varioua hypothesea nay be suggested, as followa, though all . : 3]

\ 3
of these are at present entirely speculative. The diagrams illustrating

’ theu .hypothese are shown in Fig. 5 and Fig. 6. ’ o ’ ‘,V Cd

¥

o

sis 1: Regulation of Gene Expression b Common Fac tor

. . The several genes responsible for the phenotypic changes in ‘

?

. . MSghS5 way all be situated.in the same operon. Then.a mutation of the . .
. _ . 3 ¢ 14 / - .
. regulator, the promoter or the operator would cause an abormal expression
T . / .
_ * of all the genes in ‘the operon. A mutation of the first gene to be trens-
g - - .

_eribef could also affect the expression of all other genes (polar mutation).

Alternatively, the genes responsible for the phenotypes mi(ght be at dif-

% ferent loci tut they might all ‘be'\ affected by a coumon regulatory protein,

‘u;*‘“: - A mutation of the genz specifying this protein might then result in changos

in the four uetabolic characteriatics.

\ ' =

& S Bypothesis 2. Mﬂit‘ication of Reglatog Proteing by 'I‘ransfera.se

‘?} A o o The mbstra,tes which accept the amino acids fﬁx transferase may

’é‘ s /
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be regulatory proteins which control t};e mrouion of ‘the genes govern-
ing the prolino oxidase activity, serine dmimse activity wd the
ability to utilize ultose. Then, "i.f a mtation in MS844 causes & loss
in activity of transfmse, one or several regulatory protein(s) might.
not be acylated. They might then not function properly and t%is might

< result in q.n abnormal expreuion of the genes for proline oxidase,

serine deaminase and Mltose utilization.

Hyppthesis 3: Transferase Modjfies the:Emmes' Themselves

L The enzymes proline oxXidase, serine daaminsge and cne or ‘more
\ . S
enzymes involved in malto;e utilization might a1l be acceptors in the

‘transferase reaction. An absence of aminoacylation of these proteins
uwight then maintain the conformation of these proteins in such a state
that th;y ejther are hyperactive or inactive.
Hypothesis U3 { Leucyr-tRNA as a Signal

A

The concentration of leucine or leucyl-tBNA in the cell might

rogulate‘the synthesis of amino acid-degrading enzymes and the enzyme(s)
1nvo'1ved in maltose utilization. A change in concentration.of these
eubgtancea due- to the.abgence of transferase activity in the mutant
".might cause the change in activity of the enzymes.
‘, None of the hypotheses 1isted above was 'directly tested .in
this work, nor is this, an exhaustive list of possible hypothesea. - S5tinl

N 4

the experimental reaulta nllow some discussions of the hypotheae.,

Let us conaider first the 1ncrea.sed inducibility of proline
oxidase in strain MSe45. The levels of proline oxidase in the proline
‘ independent str::}m Vlt977/wl;, HSB‘?S-II/CU#’QM Por17/C04 when grown

wvithout the 1ixdub_er, proline,’ were found to be the same ('I‘able 3.

s o-
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When the cells were grown with proline, proline/oxi'dase activity was more
- elevated in MSBU4S-II/CUL than in either Porl?/CUb and V4977/CU4, This
" indicates that the wutation in MSB845-I1 sctually pﬁteﬂ a cﬁanée in"tl‘xe
response to proline inductiow. This obbef‘v’éf‘ﬁbn makes unlikely Hypothesis
3 that the enzyme proline o;idase.ia a aubatrate' of the transferase, the -

activity of the enzyme varying in the, aminoacylsfed and nonaminocacylated ‘
{ .

forus. According to Bypothesis 3, the reason that MS845-II has four to
five-fold more enzywe activity than Wi4977 is because the enzyme molecules
., sre mot aminoacyiat'ed in ¥S845-I1. ‘The difference in enzyme sotivities
should also be seen in cells growngyithout inducer, but it ia not. If
k transferase does play a diréct role in th; regulation of proline inductic';i},
- 1t ‘is more likely that the acceptor of the tnnaferise is a reguits_tc;ry

- protein, 1.el, Hypothesis 2. ' For convenience to the diacua;ion here, the -

regulatory protein involved is taken to be an aporepressor, though it can

slso be an apoinducer or a‘regulatory_:pnotein functionally similar to the
cyclic AMP z;écep“:or protein. This mgﬁi&tor’y protein mfb‘ind equally well
to the operator whether aminoacylated or not. ‘\ In this o;g;e, in the absence
of proline, proline oxidase \(111 be synthesized at 'Lthe same rn-te in the |
parent and the mutant. How;ver, the nonaminoacylated end aminoacylated regu-
"latory proteins may differ in the conformation they assume on binding with
proline. . The nondminoacylated regulator); protein ;ny undergo an,ab/nonﬂal
conformational change @ binding with a proline molecule, such that 1t
. cannot bind to the op‘u‘tc':r of the proline vxidase opcri;h. Then, in th?, .

presence of proline, the mutant strain in which the‘rogulutori protein

would be nonaminoacylated, would overproduce proline oxidase. .




»

The obae::vationa’on ;pro.Iine oxidase also do not'agrqe toowdl @
with 'iiypotr}esis 1, uhmj states that the gene (wyb) responsidle for the
. chenges in the proline oxidase phenotyp;' in MG845, shares the sane

ﬁmn with the genes respon;ible Tor other physiol‘ogica’l changea. It
- seems unlikely that the structural genes for the four activities could

1lie in a single operon. An operator mutation can only turn the opercm
an and off. But the gx_ mutation increases serine deaminase activi'ty

without 1ncredsing prol:lne oxidase actzvity and, at the same time,

‘l ~
csuses & loss of t.rgnsferaae activity. YHow this could be the functien

of the action of a éiigle operon is not obvious. Tt is unlikely that '
ths operon is composed of regulatory genes (fpr serine deaniinase and
_ proline oxidase) and structural gene (for transferase) No such example
. ‘hes ever been discribed. N

) It ahould be noted here that strain ’\'"6?7? differs very much from
prototrophic E. coli K10 in proline oxiduse exngession. - Strain W4977
48 rather unresponsive to proline induction as compared to str;iu K10,

Ita enzyme is also not much subject to catabolite repression, Thua,

" the mtation(s) in MSBl45-II may cause, somehou, "py-pass” of & umtation(s)

present in Wi??'kand responsidble for the- phenétype o;%)roline oxidase in
the strain. .

N L-serine deaminase activity‘m ronnd‘to be about seven—fold
higher in MS845 than in W4977,  But the!three fold increase in activity
by leucine ipduction in W4977 was.not observed. in ¥ssks, Porl? and\ \

mma all show exceedingly low serine deaminase activity, but t!Le acti-

vity is Snducible by 1auc!mo (‘l‘able 5). - The fact tha’c serina ﬂeaminaee

.activitztgls so much louer in.strain Forl? thsn in strain wu977 seems 1o’
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exclude tﬁe possibility .thai Pori? is an absolute revertant of strain

¥seks, ginc.e, if it were an absolute-revertant, it vouldhave a ;:hanotype

exactly identical to Wi977. It may de thet, as ia wost frequemtly the
& » ’ )
case, the reversion takes plege at a different base pair than the original

sutation. Ifowever, because strain MSB4S was isolated with nitrosoguani-
dine, it may contain s,;keriti mut'a.tiona. Porl? would he a reverisnt for
ot;ly one of them. Then, even if the muta‘tion in Porl? eiéctly r;veraed
the mutation forming MSB‘&S. the allele might be mressed differently due
to the ad'ditiona] mutmtiona in HSBUS.

EER

 The 1ncreue of sorine deanime acd:ivity and the loss in inducibi-~-

- '

N
1lity. by leucine canbe explai‘ned in tems of leucyl<tRNA as regulatory signal

(Bypothesis 4). The level of leucyl-tRNA nay be Controlled by “the activity |

of transferase which fnnctiona to deacylate the-.leucyl-tkﬂ& in.cells, In .

the transferase-deficient strain, MSBY45, no diegha::ging of leucyl-tRFA by
the-enzyme can take vlace. An accumilation’of lmcyi' tRNA may be the

cguse for elevated serme deamin&se aptivity in the cells. The concen--

t x

tration of leucyl-tREA ma.y be ao high that seérine deaminase is fully
induced. 'l‘hua, further adéition gf leuc(me would then make little differ--
ence to the rate of synthes:ls of serine deaminue. The hypothes1s made here

is basiu! ont t.“he fact thnt quite a few uminoacyl ~tRNA are known to have regu-

aQ, 1y o {

latory effect on certai.n bioaynthetic enzyneo (Brcuchley and Wnlia.ms.
‘1975) “Tn W_mw an iicrease in concentration of

uogenonn 1eucine resulted in an increaead leucinylation o( leucine-

accepting tﬁlﬂ ‘ Correlated w:.th thia is an increase in the levels of‘

O e »

-

branched-chain biosynthetic enzymes in, ¢ells grown with leucine N . v
\
(I‘t’eundliohs ot al, 1971). Thus, there is.some support for the idea

< . \ o : ’ N
) , o o ‘
oY, , L PR . £ e
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" A Cya~ strain with a defect in tﬂe'ayn'fheais of adenylcyclase, cannot
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that the level of leucyl-tRNA may have a role in regulating the synthesis

of serine deaminase, The fact that leucine does not induce proline
oxidase makes this hypothésis less likely (Tavle 8),.

The defect of MS845 in maltose utilizati:o; has not been worked
out st ‘this time.. Strains Wi977, MS8h5 and Porl? can ferment glucose.
This indicates that the enzymes in the pathway for glycolysis are
functioning well in these strains.  The inability of MS845 to utilize

maltose as carbon and enoergy source may be due to. some defects specific

to the maltose utilizing system - the maltodextrin permease, amylomaltase

and mal todextrin phosphorylase., Yo attempt to investigate th_is has been

made, The ultraviolet-induced Mal* mutant, THEKS and THEKé were found

to be similar to their parent, MSB45-1I, in the other three chara'cteristics
under study, . The occurrence of theae mutants may be( the result of a
mutation at a gene other than the wyb gene.  Suppose H;jpothesm 2 was
correct. The inability of MSB45-IT to use maltose would then be due

to the fact that the re&atory protein of the maltose operon could not

be acylated. The nonacylated regulatory protein would be unable to

bind to its operator, and the aperon could not be transcrived.. Then a
t\u'the:u\tation at the operator or promoter "of ‘this -operon might allow a

normal transcription of the operon, even when ths regulatory prot?n is

. not normally bound to its site of action. . \

The existence of this class of mutatlona is formally identical‘

to the isolation of "up-promoter" mutants in a Cya” strain of E. coliy

form cyclic AMP, Without cyclic AMP, the "}SRP-dependent" opei‘ona,

including those coding for a number .of carbohydrate-metabolizing enzymes

-
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camot be transcribed. - As a result, the Cya™ strain carmbt ferment a

number of sugare. From the Cya™ strain, huve becn ioolatud mutants
which are still m ‘tut can ferieyt s given sugar (e.g., lactose), whhh
the parent cannot femnntﬁ(Peglun, 1969; Hopkins, 1975). This Lac'
strain arises by a second sutation in tﬂe lat;toae oiaoron, such that the
operor is expressed in the mbsence of cyclic AMP. Thus THEKS snd THER6
=8y contain a second mutation which allovs them to utilize maltoae‘, even
in the ah‘sem:e of transferase.

While the mutants THEKS and THEK may ‘be'understood in this way,
the occurrence of the Mal® transductants THEK?, MSe4s5-IT/W4977 and Porl/
V4977 is more difficult to explain., Since all these transductsnts are
trannfomo-n‘egati‘ve ‘and have high serine deaminasé activ;fy, it i‘s clear
that no wyb’ gene has been transduced. The isolations of MS8U45-II/Wh977
and Por1/W4977 capable o'f growing with maltose as the sole carbon and

. —emergy source mean that sowe genetic material derived from W4977, when
incorporated to the’genome of ¥MSgus-11 ~and,Por1, enable the strains tf’
ntilize maltose. But, at this time, -which fragment of chromoeo;:le in-
vho7? 18 ;-eapqnsihle for the conversion of MSB45-I and Porl. to Mal* is
not known. The fact that phage ¢80L3,1A can transduce MS845.11 to Malt
_.«.suggeats strongly that MS845-I1 carries.a uutation in the g_g__A region
il (7% winutes). However, it is not excluded that a nearby gene is involved.
In any case, this mutation is different trom the gx_ mutation. An under-
standing of these genetic data would be aided by more information on the
fmtnr? of the corresponding physiological dafes:ts‘. ‘
The transduction of the wyb gene dez;crihed here have proved

impossidle, largely due to the lack of a'good selective medium., One

4




‘wediun as unselected marker. If nialtose-negati:e transductants or

' re&uﬁing“ transductants could then be tested for the other character=-

75 §
. - . . ‘
possible explanation of wvhy no wyd transductant has ever been obtgined
is that the eipreuion of the ﬁ_‘g, as stated 1;1 tHé hypotheses, may not
directiy determine the phenotypes of the metabolic activities. A wyb
gene product may be a regu]Ta.tory protein func;.ioning to conirol the . '
expreassion of other operons. or may be the transferase enzyme responsible
for pogt-translgtional modifications of other proteins. In the trans-
duction process, time is required for -the transduced wyb to express itself
and a duration of time may be required for the wyb gene pfoduct to exert
its'eﬂ\acts before the transduced cells can show the phenotypes to de . ' ﬁ
transduced. The-transduced cells in the intermediat.e state may have

high mortality in a medium that does not favour their original phenotypes.

Another approach to transduction that does not require a_' selection based

on the differences between the Wyb' and the Wyb~ is suggested in the ) )
following paragraph. "

The gene causing a loss of trgnsferaae has been reported to be
located between 45 min, ard 54 min. of the E. coli chromosome (Soffer,
1974).  One could use P1 phages grown on a transferase-negative strain
to transduce any strain with unrelated mutations in the 45 min. to Sk
win. range, selecting recombinants of those mutations, then screening for

}nability to ferment maltose or poor ability to grown on "low-proline"

*high proline-requiring” transductants are‘found, the extent of cotrans-
duction with any gene in this region would indicate the location of the

wyb gene, All malter negative transductents or all "high preline-

istics under study and the extemt to which they are cotransduced could

+
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_then be determined. If the characteristics are cot ransducible, but
} do not show & 100% cotransduction, this probably indicates that the
changes in phenotypes in MS845 are due to 'ndtatﬁons of: several neighhour-

. ing genes. This is quite possible, because nitrosoguanidine is known

to induce mutations primar.y at the replication point of the chromosome, - .
' _which leads to clustering of induced mutation (Cerda - Olmedo et al,

1968). If the characteristics ai'e always cotransduced, then the meta-

— R

bolic activities would indeed be affected by one gene.

L

oy
The evidence in this thesis suggests that four diverse betabolic
activities are regulated in common. The physiological significance of

4

this is not obvicus. The cldsest relation is betweén L-serine deaminase
. and proline oxidase, both of ;hich degrade_amiQO‘acida to produce
nitrogen and both of which increase in activity in the wyb~™ strain.
i’erhapa then all the metabolic activities studied here form a (or a part
of a) r;gulatory system invpl.veq in ad justing the level of nitrogen in
the cells. Then an/investigation of hov the trénsfera/se activity is |

o« " related to the nitrogen lev in the cell may bring some insight ué to

. the significance of ropic effect of the wyb gene which-we

ak 3
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