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lnet phenotype rev aled W classes f revertants (1) Revertants

4

. i
~'Revertants of the second class have‘u dergone a rev sion which 'i;u*;

esults in partial or gomplete restoration of f thionyi tRNA synth{tase

: activity : -“"x' i Lo j ;f',%, . g, ‘ {g

o ' Severa] of the revertants of the second class were shownXl?

ft° require the presence of a wild type reLA gene for maintenance q‘:m:
the met phenotype The ana]ysis of this effect resu]ted in the

‘{discovery that the synthesis of the methionine biosynthetic enzymes’_il
i'is under a positive form of regulatory contro] invo]ving the relA o

- .gene.
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Lo “INTRODUCTION * = o
S B T S
- ~ - “"Geneticmlysis of tiu.r reguiation of me‘tabol i?; pathways Tn”’"l’f"'
:v bacteria has generally been directed towards the elucidation of the B
'"pathway specific regulatory mechanisms governing the synthesis Or ;~:ffrj
f-.degradation of a particular metabolite In most cases it has been "ﬁi""
- found that one of the substrates or the product of the pathway interacts/
C'with a regulatory macromolecule, generally a protein. to effect trans- .
ftvcriptional control of the genes involved in the pathway' The specific j:
f‘:mechanismsf which are very diverse and include both positive and
A“mnegatiVe control systems are described;in detail in recent‘reviews by
h“Beckwith and Rossow (1974), and Gots and Benson (1974) The recently
~—elucidated mechanism of activation-attenuation is describedﬂbg Bertrahd'i
,,7et aZ (1975), and Artz and Broach (l975) fbr the trp and hts operons
.::respectively ‘ E R 'ﬂi" '»A T o
o The first evid@nce for an integrated form of control, in
:which unrelated pathways are SUbJect to control by a common regulatory .
:,element, was the elucidation of the role of cyclic 3 5’-adenosine "L
ffmonophosphate (cAMP) as a positive regulator of the\catabolite sehsitive
fgenes.' In this regulatory system. cAMP (which is not a substrate or a
f?product of any of the pathways involyed)\interacts with the catabolite ﬂ;j
L?gene activator protein (CAP) to stimula!e transcription of the 5 fﬂ,j’
.fcatabolite sen51tive genes (Zubay et az., l970) The stimulatory ‘:l:f
"effect of cAMP and CAP is proportional to the degree to which a _ -
;sparticular gene or operon is available for transcription as determined
5by the appropriate pathway specific regulatory system Thé’two forms
fof regulation therefore act in a complementary fashion.: The regulatory
_,];:'_MQ. ';ﬂg - -



effect: of cAMP and CAP are described 1 ) detail ?1n -a recent re:vlew
by Ricken%erg (1974) L o S ) fh it
“—“" ——'“—Recenﬁy—*evfdence has* breen presentedwrhlth—suggests— that——— ~-—-~4
;}.the amlno acjd blosynthetlc pathw&ys may. also be subject to a sin‘i'llar .“,(
. ;._-form of 1ntegrated control Stephens et al. (l975) presented m vwd \.
l_ﬁ.;!and in, mt—m evidence suppgrting the concl«uslon that ;he synthesis‘ :
I‘ f Lhe histidlne biosynthetlc enzymes 1n Salmonella is stimulated
’ 'by guanos*lne 5 -dlphosp‘hdte 3 —dlphosphate (ppGpp), wm ch 1s - L
.synthesfzed by the product of the reZA gene (Sy and Lipmah l973)

._;""“.Al though_ the reZA gene hars not as yet been shown to be 1nvolved in the .
“.,-.‘.':‘regulation of‘ other blosﬁnthet‘lc pathways, ‘the 1mpl'lcat10n ls that “

o the analysls of the regulatlon of amfno actd blosynthesis must

fhenceforth incgude an examination of the possib'le ef’fects of supran ',
‘ 'regulatory systems The present study 1s concerned 1n thls resbect w
. with a regulatory phenomenon involving methionyl tRNA synthetase, B
' _‘the product of the relA gene, and the genes of the methionine
:,.biosynthetic pathw&y \ * N ,‘ \
LR e ' L '

"“'-. v Lo Y

- I’he amnoaayi-tRNA synthetasee - |
u ».E’" In bacteria, the annnoac_yl tRNA synthetases are recovered \ :
?rom the non-sedimentable superﬁatant of cell extracts lﬁ th one o ,
posgble exception, there 1s a unique amlnoacyl tRNA synQetase for (/‘
~each’ amino acid The complex rea;:tion catalyzed by this family of \
enzymes is generally represented as 3 two step reaction by the '
following equations. APIEE T S
. LAAH ATP + a-» 3 AA-AMP + PPi qu o
UE. M-smp ¥ tRNA % AA-tma CELRP : .}," L




b'," [ 4 ,‘[

'v°t': e The acttvation reaction (Eq 1), which 1s generaily .‘;ft.‘if":;
,,. unaffected‘b? the pnesence of tRNA 1s measured by the.amino.acid ~(..
dependent exchangednf;ﬁbdioattiveprrophosphate into ATP The overa11 L
reaction mhlth ocCufs 10*100 fold more s1ow1y thatsthe activation ekj e

I/ L3
:-‘ L A N

K reactidn, 1s monitoreu by measuring the estérification of radioactive

q I

amino acid to %RNA ?he rate. 11m1t1ngs fbr the overall’ reaction
_; appears to*be bhe reieash nf AA-tRNA from the enzyme (Eidred and ,?Z xngqéé
Schimi.af,‘mza L N) e
;éﬁ 3)*“‘ Sﬁnce the synthetase cata1yzed reactidn is an, esséntia] o
S function, musants have beén sought uhjgh are only conditionaf}y

{N: expressed or on1y partia]Iy qkfective- oThe firg& synthetase mutant .

qof E doZt was isolated hx,Fangman and Hetdhdrdt (1964a) as. a. prf1u6no-

e 2

w._ . I '

phenylalanine resistant mutant, The analog resistance of this mutant &

1s due to an 4mpaired ability to aminoacylate tRNA.Phe with p-fiuoro-,* .

pheny?aﬂanine, but an almpst nermal abditty te'

9

uith phenyia]anine Severa} other amtno acfd ana1ogs (L ey, th1051ne,-1-?

canavahine) have subsequbntiy been used to iso]ate sxmiiar mutants fpr

U

'nther synthetases The first temperature sensitive synthetase mutant 5; n
was obtained for the valylatRﬂA synthetase by Eidlﬂc and Neiqhardt sa R

(1965) Sdnee then, temperature sensitive mutants have beEn described

fur severa1 other'synthetases By screening amane’acid auxotrophs,'~sni‘e$
“ . _.w~
mutants genera11y have an aminoacyl-tRNA synthetase which has an ;,:f!, i B

\f} mutants have been obtained for at 1east n{ne of the synthetases These

Ev pdncreased Kn for the aminp ac1d Thls type of a}teration in the
synthetase reSuTts in a requiremept fer a higher endogenoUs poncentra-‘;ifﬁ
tion of the appropriate aminp.acid than that whtch 1s normally m; ,l;f}

°'; avai1able._'~j;§g~ L




The regulat1on of the.. synthes1s of the amxnoacy] tRNA f,“
‘ synthefases 1s,poor1y understood but several stud1es have suggested
.that a repress1on derepre551on phenomenbn may be «in effect for at 1east
bsome of the synthetases Cu]ture cond1t1ons whlch 11m1t the supp]y of ,
an amino acid may spec1f1ca1]y derepress the synthes1s of a particular
‘synthetase a]though the derepress1on 1s often d1ff1cu1t to observe )
since many-of the synthetases are rap1d1y‘1nact1vated under condttions
;wh1ch 11m1t the.ava11ab1lrty of'thejr cognategaminoacy1-t3NA (Nj111ams’
Mand Neidhardt, 1969) in some‘instances; thercognate‘tRNA 'or‘a- .
f»der1vat1ve thereof has been’ suggested as an. end product effector in.
the repreSSTon ‘mechanism. There 1s also a suggestlon that the '
f-synthetases‘are under some form of metabo]1c regu]ation“ since 1n
E. coli the rate of synthes1s of ‘the synthetases 1s coup]ed to the
’-growth‘rate of the organ1sm (Parker and Ne1dhardt 1972) |
711mp11cat1on seems to be, that as part of the trans]at1ona1 apparatus,
the synthetases may be regu]ated 1n concert with or by other parts of
the protetnAsynthes1s-system.- Clark et al. (1973) have recent]y o
iso1ated the fﬁrSt regﬁlatory mutantzfor a synthetase. The1r{ana1ysts _
of the’ mutant suggests that it i1s an operator const1tut1ve mutant of |
sery] tRNA synthetase ' o _ v
The re1at1ve1y vast body of - 11terature dea11ng w1th the
am1noacy1 ~tRNA - synthetases has been rev1ewéd recent]y by 5611 and

Sch1nme1 (1974), and K1esse1ev and Favorova (1975)

Methionyl-tRNA synthetase.

Methionine is incorporated into protein via two distinct

©



e @
; and has been ascrlbed a roTe in po]ypept1de cha1n 1n1t1at1on in

- :bacter1a (Adams and Capecchl, 1966) Both spec1es of RN

o methiony] ~tRNA spec1es, tRNAMet and tRNAget, the Tatter of which may |

‘ be formylated subsequent to meth1ony1at1on (Marcker and Sanger, 1964)
N ‘The tRNAMet Spec1es has been shown to 1ncorporate meth1on1ne on]y in

_*'the N- termlnal pos1t1on of E. cold prote1ns (Clark and Marcker,41966)

Amet.are amino-

acylated by a s1ngTe meth1onyl tRNA synthetase (Henrﬁekson and Hart]ey,
1967), which in its- natxve form 1s a d1mer compOSed of two 1dent1ca1

~ subunits of moTecuTar welght 90 000 (Fayat and Waller, 1974)

subun1t wh1ch appears to contaln a h}gh degree of sequence dup11gat1on
"f(Bruton et az 1974), can be c]eaved by - tryp51n to a fu]]y act1ve

”5fragment with: a molecular weTght of 65,000 ( io and WaTTer, 197])

'":.Both monomer1c forms of . th&,enamne have d1st1nct b1nd1ng 51te,‘ ;r"" ”‘;uf
1_?methion1ne, tRNA and ATP (Fayat and waTTer, 1974) : The nat1ve I
.fddmonomer has in addition a second non-catalytic b1nd1ng s1te for ATP,
"the funct1on of which is. nnt known | R H:'
| i h’ The f1rst meth1ony1 tRNA synthetase (metG) mutant reported
"ffor B calz was 1solated by Calendar and L1ndah] (1969) 1n E coZt ‘C..
"i;BlumenthaT (1972); and Armstrong and Fa1rf1e1d (1975) have subsequentTy
'reported SImilar mutants for E calt KTZ ATT of these mutants requ1re
.ji'exogenous meth1on1ne for growth due to an 1ncrease in the KmMet of the
:‘synthetase (Ahmed 1973) An unusua] metG mutant was 1so]ated by S
Archibo]d ahd W1111ams (1973) on the basis of "an 1ncreased res1stance
b.'to the méthlonlne analog eth1on1ne The methlonyl tRNA synthetase of
: this stra1n has an -increased Km for tRNAMet but the KmMEt and KmATP
,are apparentTy unaffected. A d1sturb1ng aspect of th1s study 1s that ?

- no mechanism is proposed to account for the eth1on1ne res1stance of



this(mutant - T | ) -
o  The map pos1tion of metG has nc* yet been accurate]y
. determined. _A location near the hts operon was suggested by Ca5510 ‘
ef.al (1970) who showed that the introduction of the F32 F p]asm1d
“into an F~ stra1n caused an add1t1ve 1ncrease in meth1ony1 tRNA |
synthetase act1v1ty B]umenthal (1972) showed cotransduct1on of a
metG mutation with one of'the bz attachment s1tes; and Ahmed (1973)
estab11shed the clockwise gene sequence metG htB, rspL by a conJuga1_
“cross. "The or1entat1on of metG w1th respect to other Toci” has not been
reported. , | |
h Meth1onyl tRNA synthetase is spec1fica]1y 1nh1b1ted in vivo
and in uztro by’ L-meth1on1ny1-adeny]ate (Cass1o and Math1en, 1974;
Cassio et al., 1973). By supplement1ng the med1um,w1th_meth1on1ny]-
adenylate,it is therefore~possib1e to modu]ate‘the degree of‘amino-
acylation of trnaMet in'vﬂvo Cass1o (1975) observed that when more
i than 25% of tRNAMet is deacylated the level of derepress1on of _
methionyl1-tRNA synthetase is proportlonal to the amount of. tRNAMet '
deacy]ated She interpreted this resu]t to mean that methionyl- tRNA is «
'1nvolved as a repressor or as a corepressor of the synthes1s of the
synthetase Cass1o also observed that the synthetase is’ subJect to a'
speciflc 1nact1vat1on in.the presence of hlgh levels of tRNAMet hs -
; noted prev1ously, 1nact1vat1on of the other am1noacy1 -tRNA synthetases
~has been observed under cond1tions which Timit the supply of the
cognate am1noacy] tRNA (Williams ‘and Neidhardt, 1969) '

- By tak1ng advantage of the prox1m1ty of ‘the metG 1ocus to one
of the phage P2 attachment s1tes, Cass1o et al. (1975) have 1so1ated

.a class of mutants in whlch the regu]at1on of meth1ony] tRNA synthetase



appears to have been altered by phage eduction deletions In-thesei
) strains, the, amount of thl"!hthetase is increased several fold as
compared to the parental strain, but the enzyme does not apdear to

‘be structurally altered Although genetic ev1dence is not presented

the authors have suggested that the eductants might represent alterat- ' .

: ions in the cza-acting regulatory locus of the metG gene However,.
'since the rate of synthe51s of . the enzqu remains coupled to the -

growth rate of ‘the organism, they concluded that there are at least ~

two dissociable or independent processes which regulate the intracell- ry

ular_level of methionyl-tRNA.synthetase.‘

\

" Methionine bwsynthesw regulatton and umltzatwn

The genetic and biochemiCal aspects of methionine biosynthe51s

e

"have been reviewed by Smith (1en1) and more recently by | Flav1n (1975).
' _The essential features of this biosynthe51s are outlined below

Six structural genes participate in the converSion of homo- )
serine to methionine (Fig. 1). These are clustered in non- contnguous
;segments of the E. coli chromosome (Fig 2), metA and metH being

located at 89 min, metB and metF at 87 min, and metE at 84 an

- The first spec1fic precursor of methionine 0-succ1nylhomoser1ne

*

“is formed from succinyl CoA and homoserine by the enzyme 0-succ1nyl-
homoserine synthetase (metA) The next enzyme, cystathionine y-synth-
- etase (metB), catalyzes the replacement of the succ1nyl group to give
cystathionine. Cystathionine is then hydrolyzed to homocysteine by |
the enzyme B-cystathionase (metc). The methyl group donors for the ,'

methylation of homocysteine to methionine are synthe51zed_by :
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, F1gure 2 - Genetlc map of E..colt K12 showing the 1ocat1on of some
"of the genes relevant to this study The po1nt of origin and
'direct1on of transfer of severa] Hfr strains are. 1nd1cated by arrows

. on’ the intérior. circle,. The extent of the F ep1somes used in th1s

.¢stuJ& are *indicated by the inter1or Ilne fragments. The map 1s -
: derived from Bachmann et al (1976) et v T



: #actuai methyTation of homocysteine is carried but by either the vitamin fg

, SR 2
| 812 independent transmethylase (metE), o; by‘the BlZa ependent’

jenzyme (meta) ”fQﬁH“;:A;;a“ji,,__l,;»yutk ;f;tnzfi_in_,fug,”,*~
i . Once methionine is formed in tg; cell it is u‘ilized as a.

~substrate for protein synthesis or in the’ formatdon of s—adenosyi-,

thionine The formation of S-adenosylmethionine from WLthionine and ; 5:"

m‘ATP is catalyzed by the enzyme ATP methionine S-adenosyl

. '(metK) which 1s specific for ‘the L-isomer The principal metabolic 5 ;f‘i“'

“functions of S-adenosy]methionine (SAM) are participation 1n po]yamine

biosyntheSis via decarboxy1ated SAM (Tabor et al., 1961), and in ff53;”x

: various transmethylation reactions (Cantoni 1965)

As in many other biosynthetic pathways, th! syntheSis of the

’ ”methionine biosynthetic eniymes 1s subject to non coordinate zepre551on ”':f,
by addition of the end product of the pathway Regulation of methionineE‘;'A5
”Fbiosynthesis is affected by the al]elic condition of at. least three . ¢‘

Ihe mvtA enzyme catalyzes the first reaction of the biosyn-
'j thetic pathyay and i& subject to strong cooagrative feedback inhibition
‘e:by methlonine and $ﬂh (Lee et az 1966) Analog resistant mutants

h.which have normai’
- rwithin the metﬂ ge ; ants have a metn enzyme which s not

:sensitive to feedbac (Chater and Rowbury, 1970)

Another ciass ;tory mutants Onth) have been mapped

":f the biosynthetic enzymes have been mapped “'

transferase ;

near the metB 10CU§, “Mut; f‘the metJ locus confer ana]og re51st-»':' B

ance and exhibit c;%gtitutive;syufhes%s J§'a11 methionine biosyn-"

15etic enzymes and of the metx enzyqi ﬁ’:f] compiementation studies

o ‘}



n

. .",'-‘ »

(Chater, 1970 su and Greene, l97l. Holowachuck l976). have established.'
that the metJ gene exerts its effects in negative manner through the
formation of a cytoplasmic repressor, rather than by the alteration or. e
modification of methiony1- trwatiet. (Ahmed 1973). “The isolation of -
amber metJ mutants of ‘E. colt by Morowicz (l975) confirmed that the

; repressor is’ a protein.‘

The third class of regulatory mutants map'in the metK gene.
and also‘confer resistance to several methionine analogs Many of '
_these mutants show very low levels of ATP methionine S-adenosyltrans- :
ferase actiVity add are derepressed for the synthesis of the methionine_~ o
biosynthetic enzymes (Hobson and Smith 1973 Greene et aZ ‘ l970) |
The metK enzyme is apparently not essential for growth since Morowicz

. (1975) has isolated several amber metK mutants of E. colt 5The f

: analySis of the metK phenotype is- complicated by the recent isolation

S

o

of a’ metK mutant which has’ normal ATP methionine S-adenosyltransferase‘-fv

= VS
. actiVity and which complements with other metK mutants (Hobson, l974)

The implication is that SAM or a derivative of SAM could act as the
corepressor Hobson (1974) has suggested that the metX enzyme itself
could be involved in the repreSSion mechanisn ”j . :f ': .

The interaction of methionyl tRNA synthetase with the met

| biosynthetic enzymes has been examined by several authors Chater .

- et aZ (l970) examined the effect of metJ and metK mutations in a

. methionine requiring metG mutant of Sabnonella They observed that’

some'of the metK or metJ mutants were able to suppress ‘the met
phenotype of the metG mutant by causing an increase in. the endogenous
methionine level to the pOint that the hnMet defect of the synthetase

is. compensated for The metJ and metK mutations had no. observable



effeCt-on‘the rate of synthesis of methionyletRNA synthetaseid_Ahmed e
-(1973) confirmed that the meth1on1ne b1osynthet1c enzymes are
| regulated 1ndependent1y of methiony] tRNA synthetase |
| In summary, the general model fon the regulat1on of methionine s
'b1osynthes1s 1nvolves a. metJ coded.repressor prote1n wh1ch contro)s |
methionlne b1osynthesis 1n a negat1ve manner vPresumab]y,-the repressori,
“.b1nds one or more corepressors and modulates transcr1pt1on by interacta
"~ ing with operator sequences adJacent to the met structura] genes “
However, the prec1se nature of the corepressor has not been estab11shed

and no direct ev1dence for operator sequences 1S ava11ab1e

' The rel phénornem '

In many stralns of E,. coZt, stable RNA synthesis 1s
.abruptly cutra1]ed upon starvation for an essential amino ac1d
,:Stent and Brenner (1961) ca]]ed this phenomenon the str1ngent
nrespdnse and ‘showed that a mutatlon at a s1ng]e 1ocus cou1d a]]ev1ate

| ‘the effect A spontaneous mutatlon wh1ch they des1gnated as R(:reZ h
‘caused the re]axat1on of RNA synthes1s in that RNA cont1nued to
{accumu]ate fo]]ow1ng am1no ac1d starvat1on The s1te of this mutat1on
has subsequent]y been redes1gnated as the reZA 1ocus (Bachmann et aZ
1976), s1nce mutat1ons at severa] other s1tes wh1ch confer the same
phenotype have recently heen reported (Cashe1 and Gal]ant 1974; E
Parker et al., 1976). - " o .h

Fangman and Neldhardt (1964) demonstrated that the 1nact1vat- ¥
ion of any of the am1noacy1 tRNA synthetases 1nvoked the stringent

: response even 1n the presence of .a fu11 complement of am1no ac1ds -

-



{

This suggested that fhe phendmenon is a response to depletion of at

Jleast one of the aminoacyl tRNA pools rather than to the concentratfon f L

‘Afof the amino acids themse]ves Cashe1 and Gallant (1969) and‘Cashel

:‘(1969) subsequent]y reported that am1no ac1d starvation or. 1nact1vat1on
of. an. am1onacy1 tRNA synthetase resu]ted 1n the rap1d‘accumu1ation of | |
guanos1ne 3 -d1phosphate 5 dﬂphosphate (ppGpp) and guanostne 3 dipho- ;:‘lv'“
~,_sphate 5 triphosphate (pppGpp) 1n stringent but not re]axed strains | f
“They postu]ated that one ‘or both. of the compounds could be a. Causittve S
'.factor in the cessation of RNA accumu]at1on and the other character-'3
l 1st1cs of the str1ngent response | | ’ L
) Bycemp1oy1ng an tn vitro trans]ation assay, Haseltine and
:“B1ock (1973 ]974) demonstrated that ppGpp 1s synfhes1zed from ATP and u-.>
‘ GT? in: response to an: uncharged tRNA 1n the acceptor s1te of the trans- "
:]at1ng r1bosome Th1s work was extended by Sy and L1pmann (1973) -who _-t
f_‘obta1ned and pur1f1ed to near homogene1ty a smail: protetn from the -
vh1gh sa]t mash of re1 r1bosomes, wh;'h cata]yzes the in vttro format—
- fon of. ppGpp from ATP and GTP they conc]uded‘that this prote1p-is |
_the product of the rel4 gene ) l‘ | | “.:‘:4” ,.‘ ‘ ‘
| A]though several attempts to demonstrate the in vztro
uregulat1on of RNA synthes1s by ppGpp have been unsuccesfu] Reiness
et ‘al. (1975) have recent]y pxovfﬂed conv1nc1ng ev1dence that ppGpp
'se]ecttve]y mod1f1es the rate of transcr1pt1on of dtfferent c]asses of
Agenes zn vttro ‘ Us1ng purlfted DNA from a var1ety of sources, they
'demonstrated that the addttton of ppGpp to an in vttro transcr1pt1on .
system causes a se]ecttve 1nh1b1t10n of rRNA SynthESIS but a stimulation

of transcr1pt10n of the trp and lae- operons They postu]ated that ppGpp

- interacts with RNA poTymerase in such a way. that the aff1n1ty for - - ‘fy



different promoterg is differentially altered R _
This hypothesis was extended by Stephens et az (1975) who

‘presented in vtvo aﬁd in vttro ev1dence that ppGpp acts to positively

"-i sf%mulate transcription of the_hcs operon of - salmoneZZa The ppGpp

,mediated stimulation of hts operon expression lS distinct from the hss

w.”operon specrfié regulatory mechanism. and appears to act by increasing

.i[the rate of initiation of transcription On the basis of this result
and severa] 1hd1rect lines of eV1dence Stephens et al. (l975) have )
:suggested that the reZA gene 1s generally important 1n the regulation
" of all amino ac1d biosynthetic%pathways On the basis of their own
results and those of Reiness et al. (1975) they have suggested that

= ppGpp acts as a. general signal molecule or alarmone which acts “in .._*

- . & manner - analogous to the cAMP alarmone to redirect the cells economy

_..iin response to a change in enViornmental conditions Cashel (1975)
"‘b has recently presented a comprehensize-review of the other pleiotropic\ 'l
s effects assoCiated with ppGpp and pppGpp accumulation‘ S SRR
_' ‘ f The present study represents a detailed analysis of the L
”mechanisms by whith a methionine requiring methionyl tRNA synthetase ; :
(metG) mutant reverts to a met phenotype This approach has resulted ’
'nnn the discovery that the syntheSis of the methionine biosynthetic
}_enzymes is subJect to a form of p051tive regulatory control involving
,the relA gene Also a: genetic system has been developed 1n which the
f_rez phenotype can be recogn12ed by a methionine requ1rement The
,ffpotential usefullness of this system for the analy51s of the reZ

.f_phenomenon is discussed

C e



| t--,“f'._ : MATERIALS AND METHODS
., R : . ,,¢~'

Bactemal and bactemophage atrams o

-
Bl

-

The genotypes and sources of $ strains used in this study,

S i of whdch were derived from E.—eolt K25 are described ‘in TabJe 1 -
: T
. The bacteriophages 14", an amber Mutant of T4 (T4am) and the -g”;f»~

TR

_1genera1ized transducing phage P]vtr were obtained from Dr A\ Ahmed S

5col]ection., Phage ¢80p3u3 su3 “nT was supplied by Dr N Franklin,
' 7;\ 5 ]
‘ ,The male specific phage R17 was obtained from Dr W. Paranchych ';igf@ A

.,‘
i

Med‘ba -.,..-.'1 R A A R ) i
. The medium of Davis and Mingioii (as described by Roth 1970)
;x containing 0. 2% glucose, 1actose or xyiose, was used as the minimal o
medium. This medium was suppiemented when necessary, with 20 ug/mi of {ji~
the required L-amino acid ;E ug/mi of thiamine HGL, 0 1- ug/ml of v1tamin é;;
:.?812 and. thymine or uracﬁi at 50 ug/m1 D, L-ethionine was used at '
;3 mg/ml for scoring ethionine resistance L broth or L agar was generai]y |
xused as the comp]ete mediun On severai occaSions a modified L broth K
‘rL(LP brbth) was used The composition of LP broth is the same as . _
t»?L broth exeept that the NaCi buffer is repiaced by the phosphate buffer |
" of Dav1s and Mingioii (Roth 1970) » _'” o | L f"fT?rhty
o Motility‘agar was prepared as described.by Si]verman and Simon }*ff
- (1974) except that the tryptdhe motility agar was modified by the B
_~add1t10ﬁ of . 0 8 g/litre of sodium c1trate L o o

NN o
BHCRC
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IsoLatbon of methtonJZ ~tRNA synthetase (metG) mutants

The strain ABI1111 (F thr leu ara proA lae supE gal his rspL
xyl mtl thi) was “used as the parent straln for the 1so]at10n of
meth1onyT -tRNA synthetase mutants wh1ch requ1red methionine for growth
A cu]ture of the stra1n ABI]T] was grown.to late log phase in L broth
then v-methy] N' nitro;N-nitrosoguanidinerwgs added'to a final |
concentrat1on of 50 ug/ml, and.the culture was, 1ncubated w1thout
'aerat1on for 30 min at 37°. The mutagen1zed cu]ture was then washed -
. twice with sa11ne R resuspended in an equa] vo]ume of m1n1ma1 med1um,
and 1ncubated for 90 min at 37° to ensure meth1on1ne dep]et1on At this
time the culture was supplemented with vitamin B12,. homocystelne, amd
vPen1c11]1n G {10 ,000 I.U./m1). After 1ncubat1on for 90 m1n, the

" culture was shifted to an equal. vo]ume of fresh med1ym, and 1ncubated

21

for an add1t1ona] 90 m1n “ The cu]ture was then washed with sa11ne. .<'".

concentrated 30- fo]d and d11ut10ns were pAated on meth1on1pe supple-'
mented m1n1ma1 agar Those coTonzes which showed retarded growth

after 48 hrs of 1ncubation at 37°, were transferred“to master plates :
containing the same medium, then rep11ca p]ated onto m1n1maT agar |
',,supplemented ‘with homocystexne and V1tam1n B]2 Those strains wh1ch .
rbfa11ed to. grow on th1s comb1nat1on of supplements were assayed for . |
lmeth1ony1-tRNA synthetase act1v1ty by the am1noacy1at1on assay Stra1ns
which showed low 1evels of synthetase act1v1ty were tentat1ve]y
}des1gnated as metG mutants. The presumptlve metc mutants were further

Met

oharacterized<by determination of the Km. by the pyrophosphate

exchange. assay.
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Cbnstiuction of strain’CSS?
¥
The stra1n €S57 (F thr leu ara lac, m metG46 his rapL xyZ
mt:1 thz) was derived from the strain ABII11 (F thr leu ara proAKZac B

supE gaZ hig rspL xyz mtl thz) by the three step procedure described

“below: e A | L J |

(1) The strain CS50 (F~ thr Lew ara proA Zaa"supz gal 'mé'tamihis repL

ayl th thz) was der1ved from AB]]]I by mutagenes1s as descr1bed and

,'1s assumed to be 1sogen1c except for the presence of an a]tered

meth10ny1-tRNA synthetase due to the metG46.mutation.

,(11)- The suqaé-sttain:C554 (F~ thr leu ara prb.metG46 hislrspL oyl

' dtmtl‘thi) was obtained from a conjUgal‘eross Between'Hfr H X407 (preB
‘réinl thi)7andnCSSOt F1fty lac ga] str recomb1nants se]ected from '

on L broth p]ates seeded with T4 or

“this cross werentested for su am

‘, Tdam phage A‘suoa -retohbinant was retalned and‘des1gnated CS54.

| (111) A Zac der1vat1ve of CSS4 was obta1ned from a conJugaI cross ‘;.‘”

- in which Hfr C CA274 (Zac,p, am)-was the donor-. E1fty.pr0‘.sty '

| reeomb1nants, se]ected from this cross; were tested for the-inheritance,,

K d of'the ch a11e1e by streak1ng on lactose m1n1ma] agar A'lacftmet‘_

.'recomb1nant was retalned and designated CS57. The presencelof the-

alle]e is 1nd1cated by the ab111ty of ¢80psu3 lysegens of CS5%7.

to grow on.]actose minimal agar.

"ISOZatton of methtontne vndependbnt revertante of CSS?

Y] Spontaneous meth10n1ne 1ndependent revertants, des1gnated as
the SU3-47 series, were 1so]ated from the met parenta] stra1n C557 (F

thr Zeukara.laca met646 hzs nspL xyZ th thz) | S1ng]e,colon1es_of

{



CSS7 were jnnoculated 1nto L broth. grown to saturatlon, then washed ,
and resuspended in sa11ne to 1/5 of the or1gina1 vo]ume Mintmal agar
plates supp]emented w1th homocyste1ne were spread with 0. 1 m1 of the
cell suspens1on and 1ncubated for 48 hrs at 37°. The number of. ‘..;;‘
'colon1es appear1ng by ‘this time was genera11y.about 100 per plate
whenever possible, 25 co1on1es from each plate were transferred to a
”master p]ate conta1n1ng the same med1um ThOSe co1onies wh1ch were
'surrounded by a halo of background growth were not ptcked 51nce th1s N
'fphenotype corresponds to that observed for ‘the methionlne excret1ng :

‘ regu]atory mutants observed by Chater et aZ (1970) 1n a similar .
.?Avvstudy of Sabnonella - _ ; | Ah |
: : A]t of the revertants were tested for the abillty to grow

*f‘on unsupp]emented m1n1ma1 ‘agar. at 30°'and 37°" Th1s comb1nat10n of
| selectlon and screen1ng procedures was designed to a11ow the recovery
‘dof revertants wh1ch e1ther requ1re homocystetne for gZSWth or have a

f'temperature cond1t1ona] met phenotype For example, reversion F‘

1

0

mutat1on resu]ting 1n a temperature sens1t1ve metJ repressor, m1ght be .

.y_expected to gtve r1se to a met phenotype at the 1nactivat1ng temp- A

‘erature (37°), wheras at the perm1ss1ve temperature (30°) the met |

: phenotype of the parenta] stra1n wou]d be expressed

“The. revertants from those cultures whlch fatled to produce o

_ e1ther a homocyste1ne dependent or a temperature dependent phenotype,, .

were then examined for the presence of an amber reversion-mutation )
as fol]ows Rep11cas of the revertants were lysogentzed with ¢80psu3
: by pr1nt1ng on 1actose m1n1ma1 agar wh1ch was seeded w1th the phage and

supplemented with methtontne.1 Phage ¢80psu3 carr1es suppressor

'-htRNA]Ty Wh1ch suppresses the Zac mutat1on 1n CSS7 thereby a]]ow“ g i

oy

\



!

the growth of lysogens under these cond1t1ons After partial purific-

ation of the 1ysogens on the same med1um they were tested for growth .

“on meth10n1ne~free tactose m1n1ma1 agar A 1arge proport1on of the

lysdgens showed very reduced growth in the absence of meth1on1ne The_

'f revertant from each culture wh1ch showed the greatest d1fferent1a1

I
growth response when Tysogen1zed and tested on the methionineufree

Tactose medium was retained for further character1zat1on Th1s

\

class of revertants 1s represented by the SU3 47 ser1es and by the j
| . ‘ . :
exceptiona] revertant C568’ o

One unusual revertant des1gnated C562 (F thr: Zeu ara proA

Zac supE’ gal metG46‘ ‘his repL :cyl ‘mtl ilv metB metd tht), was obta'ined'

by a s1m11ar procedure from the parenta1~£tra1n CSS4 (F thr Zeu ara -

proA lac supE gal metG46‘ h‘LB rspL .ryZ mtl th thz)

Caii_structidh "of fieogem’c reZA+/reZA- stfains ‘. -

“The re] stra1n/Hfr 315 (proB metBss thz) was obta1ned fromgfhﬂf_fw

Hfr H 836 (proB reZAJ metB36 tht) by a three step procedure out11ned ,-'f:””,

beTow . . _ ‘
(i) The stra1n Hfr 313 (proB reZAI thyA metB36 thz) was obtained as

-a spontaneous tr1methopr1m (40 ug/m]) res1stant mutant of B36

24

(11) The stra1n Hfr 314 (proB reLAl araA metBse thz) was obta1ned by;iﬁf

transduc1ng Hfr 313 to thy arg w1th a P]vtr lysate of MA220 (F trp ‘nyZV;.

his’ argA serd rspL)

(111) The stra1n Hfr 315 was obta1ned by transduc1ng Hfr 314 to ﬂﬁ;« ;

arg re] w1th a P]vzr Tysate prepared on ABTTTT (F thr Zeu ara/proAfl P

Zac supE' gaZ his rspL xyZ th thz)

The rel stra1n Hfr 305 (tht) was obta1ned from Hfr KLTG (reZA :

I



) }thz) by an 1dent1¢a1 procedure

"f’maz) and the otherw1se 1sogen1c rel stra1n CS]57 were obtained by

reZAZ argA rSpL thz) and the otherw1se 1sogen1c re1 strain Su31-C

.25

" The Straln CSTSG (F thr leu ara tonA gaZ his mtl metB thi

dPl transduct1on from the stralns CP78 (F thr Zeu ara tonA gaZ hca mtl

argH thi mal) and P79 (F" thr leu ara tond gaZ hcs reZAl mtl. argH tht

“mal). . A Plvtr 1ysate .of Hfr R1 (reLAl metB tht) was ‘used to ‘transduce

' CP78 and cP79. to arg’ met .

"The re] strain CS130 (F thr Zeu ara lac, met646-3i‘hié

L]

were obtained from the met revertaht stra1n Su3l (F thr Zeu ara Zac am

metG46—31 his rspL xyZ mtl thi) by the procedure descr1bed be]dw

'(1) The strain SU31—A (F thr Zeu ara lac, metG46—31 his thyA rspL
'Lthi) was obta1ned from a conJuga1 cross between Hfr AB3059 (leu Za

lsupE thyA pspL thD thz deo) and SU31 Nutr1t1ona1 se1ect1on was -

' 1f app11ed aga1nst both donor and rec1p1ent by plat1ng the mat1ng ' ;‘@,,7

m1xture on xylose m1n1ma1 agar supplemented w1th threon1ne, 1euc1ne,

- h1st1d1ne, and thym1ne Several xyl thyA recomb1nants of SU31 were :

E

'.recovered and ohe of these was de51gnated SQB]-A
",(11) A Plvmr 1ysate of Hfr CS]26 (reZAl argA thz) was. used to

' transduce SU31-A ThyA transductants were selected on min1ma1 agar

‘~vffC5130 An arg met ret’ transductant from th1s cross was. also _

:'jmreta1ned and was des1gnated SU31-C

‘*:fGeneth techntques

hsupp]emented with arg1n1ne and meth1on1ne Of 312 thy transductants,';

o ﬁf;3 were arg met re] . One of these transductants was des1gnated as’ . L

W . v : : . e PR
. R v, . o . . N . ‘
- : : : P - ) . . T

' ‘.‘v.'-.

where nutr1txoﬂa1 requ1rements were ava11ab1e as. select1ve |
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marhers,ftranstCtions'were performed with'the genera1ized transducfng
phage Plvir acc0rd1ng to the procedure descr1bed by Lennox and
'Yanofsky (1959) In those‘1nstances where flagellar mutat1ons were .
used as the selected marker the washed transduct1on m1xture was
-p]aced in a trough in the surface of a mot111ty agar p]ate. Under thesel
1rcumstances, f]a transductangs ‘swarm outward from the trough and
can be separated from the nonmot11e bacteria
F p]asm1d transfers and Hfr mat1ng were performed accord1ng
: to -the procedures descr1bed by. M111er (1972)
, e
: C'onstr_uctwn of str’atn Hfz' 312 S _4 S _
The straln Hfr 312 (thr Teu ara proA lac supE gaz metG46
_‘ repL xyZ th tht) was obta1ned from a three hour non 1nterrupted
mating between Hfr KL96 (reZAJ i) and €127 (F* thr leu ara praA lac
supE gaZ metG46 his thyA rspL xyZ--mtl tht). Severa'l hundred thy h'ls '
:f strr recomb1nants were recovered from th1s mating S1nce the p01nt of.
| }or1g1n of Hfr KL96 1s 1nterior to the thyA—hts 1nterva1 this :
\}'select1on scheme was designed to enr1ch for recombinants in which F |
‘ahad become 1ntegrated 1nto the rec1p1ent chromosome 1n the same
pos1t1on as in KL96 Four of the recomb1nants, obta1ned from this |
E cross reta1ned the methion1ne requ1rement of the F- parent and | »
f7ga1ned the ab1]1ty to sapport the growth of the ma1e spec1f1c phage R17
[The ab111ty of one of these recomp1nants to effect transfer of the
. metG46 allele was determ1ned by mat1ng it w1th the F stra1n MAZZO (F
trp hts argA-serA-rspL)‘ Nutr1t1ona1 se]ect1on was app11ed against the
'; donor by om1tt1ng threon1ne 1euc1ne and proline from the medium.

"F1fty h1s or trp’ recomb1nants were: tested for a meth1on1ne |

. L



requirement Twenty one of the trp recomb1nants were met and twenty-
nine of the hTS recomb1nants were met # Similar results were
"‘obta1ned in a cross in which the stra1n M5827 (F™ gatvu uvrc fZaR hig
thyA rspL argE) .served as. the rec1p1ent " The recovery of mﬁi&
vrecomb1nants 1s cons1dered as ev1dence that Hfr 312 can doQgteathe

metG46 a]le]e It appears however that the' frequency of traﬁ!fer 1s

’ relat1ve1y Tow.

) Growth-of bacte‘rtla f‘or enzyme baesays
| " For the assay of the methlonine b1osynthet1c enzymes and
ATP: meth1on1ne 5~ adenosyTtransferase, cultures were grown under
non- repress1ng condltlons Ce]ls were f1rst grown to stat!onahy
’--phase in TO 20 ml of m1n1ma1 med1um The bacter1a were then coTTected
"'by centr1fugat1on, resuspended in 250 m] of fresh minimal med1um, and
grown with aerat1on for 5- 6 hrs at 3OJ The cultures were centrifuged
washed with 50 mM potass1um phosphate (pH 7. 3), and stored as a cell
PeTTet at -4o° | | )
For the assay of meth1ony1 ~tRNA synthetase, ceTTs were grown
to m1d log phase in 50 ml LP broth, centr1fuged washed w1th 20 mM
,fpotass1um phosphate (pH 7. 3)/ 4% glycero] (v/v), and stored as a ceTT
»’ :vpellet at, -40° | EEE ' T

' _ Preparatioré of 'I cell fiee"extrdclté
For extract preparat1ons ce]] peTTets were resuspended in ‘

‘the appropr1ate buffer (dependzng on the enzyme assay to be performed) R

f'sonlcated for 45 sec in- 1ce, ang then centr1fuged at 31000 X g for

’
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30. m1n 1n a Sorva]] RC2-B centrifuge
| For the meth1on1ne b1osynthet1c enzymes and for ATP: methlonine

Pa

) —adenosyltransferase, a 50 mM potass1um phosphate (pH 7. 3) extract1on
fbuffer st.used Assays were performed 1mmed1ate1y afterwards on :
'und1a1yzed extracts. | _ | |
Two. d1fferent buffer: sy.tems were USed for the preparat1on
. of extracts for the methlonyl tRNA ggnthetase assay In1t1a11y,.
dextracts were prepared and d1a1yzed 1n a. buffer cons151tng of 10 mM
eTr1s HCL. (pH 7. 6) ]0 mM-2—mercaptoethano] 10 mM MgC]z, 50 ‘mM KCL .
(erenberg and Matthae1, 1961) In severa1 1nstances as an a]ternat1ve
to d1a1ys1s, extracts were deSalted on a 1 X 5 cm co]umn of Sephadex '
G-25 equ111brated with N1renberg buffer '“Dur1ng the 1atter stages of

: th1s study, the N1renberg buffer was: rep]aced with a buffer containing :

3 20 mM potass1 phosphate (pH 7. 3), 10%. g]yceroT (v/v), and 10 mM

?‘2 mercaptoethano] The effect of this change in’ buffers is. described

in deta11 elsewhere 'fff, o ;,s~tl;‘al. . .

. E‘nzyme assays
Cystathtontne y—synthetase was assayed by measur1ng the :
amount of a—ketobutyrate formed from 0-succ1ny1 L~ homoserine as

'descr1bed by Kap]an and Flav1n 1966) The spec1f1c act1v1ty 1s 3

"expressed as the decrease in: absorbance at 340 nm per 20 min per mg of 3fe’

" protein. - _,: o
B-cystatrzonase was assayed by the’ procedure of F]av1n (1962).

'f"Rhe spec1f1c act1v1ty 15 descr1bed as 1ncrease 1n absorbance at 412 nm .

per ng prote1n at room temperature



: i NJoernethyll-enet‘etrdhydrofoZ&te“ireduc‘ta‘eie ‘was'measured by |
ﬂ-the menad1one-dependent ox1datlon of ]4C N -methyltetrahydrofo]ate ”7.1 -
' to tetrahydrofo]ate and ]4 —forma]dehyde as, described by D1ckerman _;_
”fand Neissbach (1964) . The spéc1f1c act1v1ty is expressed as nmo]es

' formaTdehyde formed 1n 30 m1n per mg of prote1n at’ 37°'

ATP methwmne S-adenosyltransferase was assayed by a
mod1ficat1on of the procedure described by Tabor and Tabor (1971)
The react1on m1xture conta\ned 100 umo]es tr1ethano]am1ne SO4 (pH 8 4), '

14

120 umoTes MgSO4, 2 umo]es ATP 1 umoﬂe NaCN 0.1 umo]e C- L~meth10n1ne

'1(5 uCi/mmoTe), 2 umoTes potass1um phosphate (pH 7. 3), and approx1mate1y o
100 ug of $-30 prote1n, in a f1na1 vo]ume of 200 u] The rad1oact1ve‘L

| fdproduct ]4C S-adenosylmeth1on1ne (SRM) was separated from the unreacted

RN

";substrate by app1y1ng the chrlled reaction m1xture to a 0 5 x 3 em

f fco]umn of BioRex-70. (50 100 mesh) whlch was. prepared as descr1bed by .

'}\Holcomb and Shap1ro (1975) The unreacted meth10n1neawas e]uted from '
.the column by applylng 4 m]s of water, then the SAM’was eluted '}" ,f
_d1rect1y into. sc1nt1TTat1on v1als with H st of 0.1 N H2504 and ‘”"{;}w. |
fcounted by adding 10 st of toluene/Trlton X (1.1) 0 4% 0nn1f1uor f}uv[\kt;
| sc1nt111atlon mlxture ' L T e

The spec1f1c act1v1ty 1s def1ned as’ umo]es SAM fdrmed in:.

(
S

e

20 min per mg prote1n at 37° "

o ‘Am'z_,noa‘cy Zatwn‘ assay'
For rout1ne determ1nat1ons meth1ony1-tRNA sy th@tase act1v1ty
'5'was measured by a mod1f1cat1on of the assay descr1bed by CaTendar and

:.-Berg (1966) The reaction mlxture conta1ned 15 umo]es sod1um cacody]ate ”]mj

- {pH 6 9) 0 3 umoles ATP 2 umoTes magne51um acetate, T 5 umoles N f;



N e . L . S ’
',: 2-mercaptoethano1. 0 195 mg arude tRNA 500 ug bovxne serum album1n,:;;3_ )
nreand 3 2 nmoles, 3H L*methionine (20 mcilmmole), in a f1na1 volume of

;5;150 ul, The assay was performed as descr1bed by Ca1endar and Berg i:;“ ~t;
klgsexcept that 5% tr1chloroacet1c ac1d was used 1nstead o%AZN HCL and ""
.lGF/A f11ters were used 1nstead of GF/C Fl]ters Spec1f1c act1vity 1s':¥>7f
% def1ned as nmo]es methiony] tRNA formed 1n 15 min per mg prote1n at ;7;’\‘
- A37°',_ L

- Pyrophosphafe excharzge aserzy -

.

5 The amino acid abt1vation reaction was measured by the ;j{?ﬁfﬁh*”
g perphosphate éxchange assay deSCribed by Ca]endar and Berg (1966)
T'Specific act1v1ty is defeyed as umoles 2 -ATP formed 1n 15 m1n per

‘f~mg prote1n at- 37° f‘j

‘ 'Thermaz wact;watwn of methwnyl tRNA aynthetase .

A‘4‘ Cell extracts were prepared 1n the phosphate/glyceroﬂ

:17=3buffer as descr1bed eIsewher’ f;A11quots uf the extract were Jncubatedff;mj

for various t1me 1ntervals a"¢2°; then stored“1n 1ce unt11 use‘f':";°*'“

yfsifbiogynthesis the cond1tlons were as follows
,‘ ' Cel]s were grown to m1d 1og phase‘inlzgg ml Offm1n1ma1 »? |
"Vf:medium SUPP1emented thh 50 ug/mT of a11 amino ac1ds except meth10n1ne

fj;.wh1ch was 1nc1uded at a concentrat1
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““‘e t"e c‘ﬂ-‘s‘"e"e C“‘*ﬁmd by Cehtrifugatiom washed in smne, | C

. with 50 ug/m1 of a]l amino acids except methionﬁne; A 40 m1 zero«
time samp]e was taken and thé rema1n1ng ce11s were: allowed to cOnt1nue
growth At t1med 1ntervals. add1t1ona¥x4a mt samp]es were withdrawn

o

frdm the cu]ture Washed. and frozen as a ce11 pe]let at “40°
};f: f,  _ A modifjcat1on of th1s procedure was used for those strains
whach w9re unab]e to synthes1ze meth1on1ne due to a mutat1on 1n one: ;i"' 
of the methxonine blosynthetic enzymes Ce11s were grown tounid 1og
phase in 250 m]s of.minlmaf-med1um supp]emehted W1th 20 ug/ml bf a11
amino ac:ds except meth1on1ne which was 1nc1uded at a concentrat1on Qf
,I'mM (0 15 mg/m1)3¥‘]he ce115 were collected by centrifugation washed

ﬁ; 1n'sai1ne. and res ,pendeﬂ ln an equal voTume of min1ma1 mnd1um jiu;{p;:;faV

:i‘ supp1emente¢ wrth ZD ug/m1 of a11 amino écids except meth1on1ne wh1ch .‘f'”
."'wa’“included*a ‘éiconcentratlon of 2 5 uM (0 375 ug/m}) Forty m1 1

A ‘néi(400 ug/m1) to the medlum 45 min prior to the addﬁtwgﬁ of the ~$5f -
i ;3H racilf‘ ‘ B




' ,Measurement of in vzvo Zevels of amtnoacyl—tﬁﬂm ;

Ce]ls were grown to mid log phase 1n m1n1ma1 medium then

harvested and extracted by the modif\ed procedure of Folk and Berg

!*(1971 as descr1bed by Lewis’ and Ames (1972) As a contro] the straln 5f>‘

. CS50 (F thr leu ara Zac supE gal metG46 hts rspL xyZ th thz), wh1ch
‘ requ1res meth1on1ne for growth due to the metG46 mutat1on, was’ grown
,1n ‘the presence of meth1on1ne then starved for One hour prlor to
harvest1ng by.transferr1ng the cu]ture to:a medfumt]ackjng thqs'amfno
T -‘4",‘ o vd - ,”i.“u-_:‘tn‘ o
The celTs were kllled by add1ng 25 ml of 55% tr1Ch]oroacet1c |
acid to a 250 ml cu]ture The cu]ture was shaken for’ one m1nute then

2,5 ml of 1% sod1um dodecy] sulfate (<DS) was . added The culture was_af,fb'

: .shaken for an add1tlona1 T m1n, then ch1lled 1n an: 1ce water bath

@.«:

iAfter 15 m1n the prec1p1tate was - coT]ected by centr1fugat1on, then
;_.suspended in 4 ml of sodium acetate (O 25 M pH 6 5) conta4n1ng 0 05%
SDS'and 0.001 M EDTA. An equa1 vo]ume of pheno] (saturated W1th D 25 M
. odium acetatg pH 5. 0 agdjconta1n1ng 0 001 M EDTA) was added, and the
mixtuge was son1cated for 60 sec. Fo]]ow1ng centr1fugatlon of the
: suspens1on the aqueous layer was removed and tbe pheno] ]ayer’was o
;t washed w1thﬁ§n equa] volume of sod1um acetate‘EDTA buffer The two-';.nff
,,aque0us 5upernatanb f1u1ds were. comb1ned and preC1p1tated by add1ng"-~l"
4. vo] of ethano! ( 20°) and 0 2 vo] of 5 M NaC1 After 20 min at' o :
20 the RNA was co]]ected by centr1fugat1on (26 000 x g, 20 nnn) o
: The pe]]et was resuspended 1n 1 5 m] sod1um acetate (0 I’M, PH-4. 6):. d
fhand d1v1ded 1nto two eqUal port1ons Sod1um per1odate (D 25 m] of a

_fresh 0. 01 M so]ut1on in, 0 1 M sodfum acetate, pH 4 6) was added to

. one port1on and on]y buffer was added to the other After 30 min ;::5'-i )

5 .
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.at room temperature in the dark, the RNA was prec1p1tated with ethanol

. and- NaC1 and collected by cer’ r1fugat1on The precipltated RNA was
d1sso]ved in i ml of 0.1 M sodium acetate (pH 4 6) coﬂta1n1ng 0 1M
ethylene g]yco], 1ncubated for 10 min in the dark at room temperature,
then prec1p1tated w1th ethanol and co]lected by centrifugat1on The
RNA was resu5pended in 1 ml 1.8 M Tris- acetate (pH 8 2), and 1ncubated
for two hours at 37 to deacy]ate the tRNA The RNA was co]lected by
ethano] prec1p1tat1on and centrifugation, and resuspended 1n 1 m] water.
The tRNA obtained by this. procedure was charged to comp]etion
w1th a tRNA-free extract from AB]]]] The substrate 3H<L-meth10n1he '
was included in the reaction m1xture at a f\nal concentrat1on of |

0.67 uM (10.5 Ci/mmole). The other 19 non- rad1oact1ve amtno ac1ds

were included in the reaction mixture at-a concentratton of 0.1 md in

- order to avoid mischarging.

Protezn c0ncentratton was est1mated by the Fo]1n-C1oca1teau

' :<reagentg?r by the- Blruet react1on ‘as described by Layne (1957)

33



RESULTS
i'solation and chmcteﬁeation ofl:' methidnylftRNA synthetaee. (metG)
mitants 4 o . | ‘ v
h o Mutants were soupht which, ’although'competent to synthesize-
normal 1evels of methionine, have acquired a growth requ1rement for
| .meth10n1ne due to an 1ncrease in the KmMet of the methlonyl tRNA
v~5synthetase Th1s‘approach is 1dent1ca1 to the method which B1umenthal

(1972) has prev1ous1y used for the 1so]at1on of metG mutants of E. coZt

I
]

“From a single mutagenized cu]ture of ABI]]ﬁ‘(F thr Zeu‘dra praA_'
lac supE gal hts repL zyl mtl thi), 1300 colonies Nthh exh1b1ted poor
growth on meth1on1ne supp]emented m1n1ma1 agar were transfered to
master p1ates, then tested for a meth1on1ne r!qu1rement by rep1ica
o p]atwng Forty- six of these fa11ed to grow on m1n1ma1 agar supp]emented"
with homocyste1ne and v1tam1n B]2 This combination. of supp]ements=wi11»
"support the growth of stra1ns harbor1ng a mutation in any one of the
meth1on1ne b1osynthet1c genes except metF. Since 1t 1s not feasib]e to
supplement the med1um w1th N -methy]tetrahydropteroyltr1g]utamate (the
product of - the metF cata]yzed react1on) the 46 unc]assif1ed mutants
| were assayed d1rect1y for meth1ony1 tRNA synthetase act1v1ty by the
.am1noacy1at1on react1on S1x of these strawns were: found to have
“~vmarked1y reduced synthetase act1v1ty and were therefore c1assif1ed as
: metG mutants; The mutations 1n,these stra1ns were des1gnated MetG3,‘174h;'

<

24, 41, 43, and 46 respectively. .
AS‘expected' these six mutants show an'increaSe'in the hn"et

of the meth1on1ne activation reactlon as determ1ned by the pyrophosphate

.exchange assay . The Kmet va]ues obta1ned for the s1x mutants are.

- . o ! . .
- ' . '

T T
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presented in Table 2. From the results presented in this table it
appears that there are four non-identical metG alleles represented ‘
among the s1x mutants - The alleles met617vand met624 are not disting-
ujshable from;one another and may”represent Tdentical mutations.
S1m1larly, metG3 and metG43 appear ‘to- be 1dentfcal

\
ATP of the meth10n1ne act1vat1on reaction (2 'mM.

The Knm'
_L-methionine), was determlned fortthe w1ld type and the metG46 allele
KmATP values of 0.46 mM aan.ZS mM were obtained for the wild' type and

fference in h@ values

the metG46 gllele respectively. The slight
‘may be attr1buted -to the fact that the m .h1onine concentration used for -
-the. determ1nat1on is below the hnMet val e of the metG46 allele. These |
results suggest relat1ve 1ndependence of the indlng site from the

methionine b1nd1ng site of the enzyme. and are cons1stent in th1s regard
‘w1th b1ochem1cal studies of the w1ld type enzyme by Fayat and Waller _’
(1974).. |

All s1x of ‘the metG mutatlons appear to be located in the ."

| 40~4Z min lnterval of the Bachmann et al. (l976) l1nkage map. This is.

i1nferred from the results of an experiment in which the FlO3 F plasmid

. from KLF3/JC1552 (F'IO3 hw metG / leu lac supE’ gaZ trp hw argG repL

' *xyz mtl metB mal) was 1ntroduced 1nto each of the mutants by a short

.=mat1ng Nutr1t1onal selectlon was appl1ed aga1nst both donor and rec1p-

/

P

1ent by plat1ng the mat1ng mxxture on minimal agar supplemented with

; threon1ne, leuc1ne, prol1ne, and methtonlne Flfty h1s merodiploids,
,{orecovered from -each mat1ng, were tested for the methionlne requirement
In each case, the presence of the FlOS F plasmld resulted in restoration
' of meth1on1ne 1ndependence It is therefore concluded that each of the

mutat1ons is recess1ve to the wild type metG allele present on the Fl03



. and the wild typeﬁstraln (AB]]]])
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Table 2

Kinetic canstants for. the activation reaction catalyzed by extracts

of metC¢ mutants.

Met

Strain© Allele - Kn Vmaz ~ Relative . -
hnMEt
'AB1111 met¢t . 0.033 . 1.36 - , 1 0
€S48  metG3 . .1.590 0.27 228.0°
- Cs4g metl7 ~ . 0.882 . . 2.83% . 25.5”'
- CS45 . metG24 ., ~0.799 - .1.84 T 240 )
Cs47 . metcer . 5.890 027 177.0
CS46 metG43 - 17,590 . 0.46 ... 228.0 -,
(S50 ~ metcs6 - 8.850° - 0.39 266.0 i
> S . o RS
L4 6 . =

‘ ‘?Tne &nMet 1s expressed as a mM concentration Vmaz is expressed 1n
,units of activity as defined under "Materials and Methods". The‘
relative KmMeg represents ‘the ratio of the KmMEt of the mutant straln

"f'Extracts for th1s series’ of assays were prepared and dia]yzed 1n
Nlrenberg buffer. ' o
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plasmid This result agrees w1th the previous report by Ahmed (l973)
that the F103 plasmid carries the metG locus More detailed mapping

experiments 1nvolving one of the metG mutants are presented elsewhere

"‘1n,"Results”;:

- R
: Mappmg ‘the. metG Zoaua

Ina prev10us series. of mapping experiments Ahmed (1973)

- established that the metG locus was lécated near the hts operon in the

..clockw1se gene sequence metG hts,rspL Ahmed also noted that metG '
~is not cotransduc1ble with hts by phage Pl mediated transduction

.’q51nce Hoffman and wilhelm (l970) have reported that supD is 8% cotrans-'
' ducible Wlth his, the sequence can be inferred to be metG eupEL hte..f

The above orientation of the metG locus with respect to supD

;_'was confirmed by 1ntroduc1ng the Fl96 plasmid from MX383 (F196 hzs supD.

. "/Zac trp hte/naZA rect reZAJ arg) 1nt0 CSS7 (F thr leu ara Zac metG46‘

4f. hts rspL xyz mtz tht) by select]ng for hlS str merodipl01ds of CSS7 -l
'ﬂ;The F196 plasmid has - the same- p01nt of origin as the Fl03 plasmid but
extends for a shorter interval counterclockwiSe from supD‘ The supD
'allele on the plasmid effectively suppresses the Zac mutation in C557

| and thereby prov1des a conventent test for the presence of the F196 ‘

_ plasmid Of fifty his str merod1p101ds obtained in this manner all
-'were met lac (supD ) ThlS result implies that the F196 plasmid does 'f

B not carry the. metc locus and substantiates the proposed sequence o

J“ - Since 1t was de51rable to find an ea51ly selected m%;ker with
which metG could be cotransduced the linkage of metG to the. eda locus '

was~exam1ned This locus 1s carried by the FlO3 plasmid but not by the



F196vp1as id-and is. the c]osest counterclockwise marker from his which

A‘Avconfersfa utritionai requirement. A Pl 1ysate of AB]lil (F thr Zeu

\ara proA lac \supE gal hts rspL xyl mtl ‘bh‘b) was used to tr‘ansduce CS]ZZ
) (F thy lew ara proA lac eupE gal eda metG rapL xyl mtl tht) Of 250 »
1geda transductants, none were met | These results are considered as-
'sufficent ev1dence that metG 1s not cotransduc1b1e wrth the eda locus

A re]ative]y prec1se location for ‘the metG locus was. obtained

by u51ng F plasmids for the hts region, which are de1eted for Various'

~1ntervals of the chromosome The secondary F ‘strains MS]338 (F1829

};'hts metG fZa1829/Zeu Zaa hts rqu a.rgG rspL xyl mtl met maZA) and

\M51977 (F1977 hts fla1829 A(hag-fZaE)/ Zeu lac h‘LB recA a.rgG rspL .'cyZ
- th met mdld) were used as donors in a mating with CSS7 Fifty his v
merod1p101ds were reta1ned from each cross and tested for a methionine

‘l requirement It was observed that the presence of the F1829 p]asmid

restores methion1ne 1ndependence whereas the de]eted F1977 piasmid does fgi

| not, The,only reported difference between these episomes is a de]etion*y:

LR,

”.'which extends from hag to fZaE (511verman and Simon, 1974) It therefore_

.,_appears that the metG gene is located 1n the hag-flaE interva].
| ‘ On the ba51s of the prev1ous ‘esults which suggest a ]ocation B
'“for~metc within the cluster of genes coding for f]age]la synthesis, it |

" seemed probab]e that metG wou]d be cotransduc1b1e with these ioc1 ' This

R 7"was verified by a transduction'experiment 1n which 2 Pivzr 1ysate of

o }'M5827 (F gaw uvrC’ j‘ZaR hzs thyA rspLLargE i’ ) was used to transduce
o '.CSBO (F" thr Zeu ara lac, metG46 suph

 and sixty-ope met transductants, recovered from th1s cross, were scored

Come

rspL :cyl th tht) Three hundred :
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. . _ " : -
for the a11e11c condition of the uvrc fTaR and supD loc1 jThe reSu1ts '

7of th\s transduct1on are presented in Table 3 Under these - circumstan-"

}f ces, the cotransduct1on frequency between metG and fZaR uvrC, and supD

. were so 1%, 42. 4%, and 32 13 respectively IR

, | The pos1t1on of metG w1th respect to these three 1oci is | |

:V1nferred ‘to be uvrC metG, fiaR 8upD The 1nference is based on the )

: fo1low1ng cons1derat1ons If the correct order is mete fiaR, aupD

~; then the freguancy of met fla supD transductants w111 great1y exceed

the frequency of met f]a supD transductants In contrast if. the .

,fcorrect sequence is flaR, metG, supD, one expects a substantial

‘ frequency of met f]a supD transductants From the resu1ts in Tab1e 3“'

. '.the frequency of met fla supD transductants 1s 32% whereas the :

,'frequency of met fla supD transductants 1s 0. 3%. This resu]t is,

ih"therefore, in close agreement w1th the results pred1f%ed for the -

;sequence metG fzaR supD ThlS sequencijis a]so cons1stent with the

:result obta1ned from de]etion analysis. ' o -
- By a s1m11ar argument the order with respect to uvrc can be". |
f’ideduced from these results If the correct gene erder was metG, uvrc, ‘-'7
;fiaR then the frequency of met uvr fla transductants wi11 great]y |
7”exceed the frequency of met uvr f]a transductants._ In contrast if
‘J the gene erdeguuere uvrC metG, fiaB, a substantial frequency of both

b-c1asses of transductant wou1d be obta1ned From the resu1ts 1n Table 3, .

e'hthe frequency of met uvr fla 1s 35% and the frequency of met uvr =

"\-f1a 1s 14 6% ThlS re5u1t clearly contrad1cts the expectat1on for the
,f(metG, uvrc fZaR gene order but 1s consxstent with the sequence uvrc, ."
' j'metG szR Th]S sequence is a1so supported by results obta1ned from

delet1on ana]ysis



" 'Table 3 -
0rder1ng metG w1th respect to adjacent loci by a four palnt .
transduction cross. | | |
Sefected Reéohﬁihanf phenotype © number of
phenotype - . (T recombinants .
. met* U flaT sup® wvr” - | 37
R _ f]afivsupo vt 78
.o S f1a” supt uvr” R [ I t
T B ' - Aot BT
ot fla supouvr o -
._;}[H.:. '-' - f1a+f,sqpodﬁuVr' 0 -
S B upef1a+b Sup° uvr’ g 1
R Cflat supt ouvrT 100
'frﬁpv_ 0 fat ,sup+ uvr - _ 79
4 . , _

A Plvir lysate prepared on- a: uvrC fZaR ddnor stra1n was used to trans-

duce’ a metG supD recip1ent 4hetG transductants were se1ected and

- scored for the fZaR supD, and uvrC markers



In theory,'supf, f1a+, andvuvr+ areLal1ﬂphenotypes which'can ﬂ'v}'
‘be‘selected However, in pract1ce, each of these . phenotypes present
"technical d1ff1cu1t1es when used as se]ect1ve markers 1n transduct1on
exper1ments Severa] attempts to demonstrate cotransduct1on of metG
with these 1oc1 by se]ect1ng for sup or fla transductants are |
described below . SR : - e .‘,
A P]vtr lysate of CSGO (F~ thr Zeu ara Zac metG46‘.supD rspL .

- zyl-mtl thz) was ed to transduce CSH4 (F~ trpam repL) to lac'
<trp on methionine. supplemented m1n1ma1 1actose agar Th1s approach 1s
based on the assumpt1on that supD transductants (1ac trp because of
amber suppress1on) should be far more frequent ‘than: doub]e transduct1ona1
‘ events in wh1ch funct1ona1 trp and lac genes are introduced 1nto CSH4t
‘Of 300 lac trp transductants, recovered from thlS cross, none uere/«
met”. S1nce it was not ver1f1ed that the lac trp transductants were
"actually supD R the on]y th~ng which can be concluded from th1s resu]t
s that the‘approaCh is not a useful one for mapping metG '

, Severa] attempts to demonstrate cotransduct1on of metG w1th |
flaB as” the se]ected phenotype also fa11ed A Plvzr 1ysate of CSGO was
used" to transduce C5164 (F uvrc fYaB his thyA rspL argE su am) on
'tryptone mot111ty agar Of 100 fla transductants obta1ned from th1s '
' cross, none. were met . This 1ncons1stent result may be. due to the fact
that stra1ns harbor1ng a metG mutat1on swarm more s1ow1y than do metG
"stra1ns The result 1s that metG transductants qu1ck1y overtake the
ent1re plate and m1ght therefore prevant the’ recovery of metG trans- |

'{ductants In order to overcome thws techn1ca1 d1ff1cu1ty, a metG fLaB N

rstra1n has bqgn Constructed S0 that the approach can be re1nvesttgated



» ‘ In summary, thezneta 1ocus ppears to ‘be. 1ocated near. 48 min
an the 1inkage map of E.: cozt K12 (B;ihmann et aZ 19&6) : Cotransduction‘
- of metG with severai 1oci in this region has been demonstrated but .
lthe precise .gene sequence has not been confirmed by the appropriate '”:‘&
tcrosses in. which metG is- not the selected marker. The pr0posed
]ocation of metG w1th respect to severai other Toci 1s 111ustrated 1n
Figure 3. This location has been c°nfirmed by a more detaiied iinkage
.'ahaiysiS‘using de]etion episomes (M.wSimon. personai communication),:but
. differs from the pOSition proposed by Bachmann et aZ (1976).
| position suggested by Bachmann et aZ is not consistent with the _
’reported position (Biumenthai 1972; Ahmed 197}) and appears to be |

derived by ana]ogy With the p051tion of the metG locus in Sabnqnella

fsbiatian of methionirte—independeﬁz?} rei)ertants‘ ;of CS.S?‘
. - From 100 independent cuitures of C557 (F™ thr Zeu ara Zac
metG46 hts rspL zyl mtl tht), approx1mate]y*2000 revertants were seiected
| by their abi]ity to grow on minimai agar supp]emented w1th homocysteine_7 :
‘at 37°. The parent strain CSS7 does not grow under theSe c1rtumstances.i §
~since the enzymes responSible “for converting homocysteine to methionine “w
are not sufficently derepressed to bring about production of methionine
at the ieveis required to overcome the NhMet defect of the. mutant |
synthetase. This selection procedure was specificaliy de51gned to
'.aiiow the recovery of mutants which are norma]iy reguiated for the ear]y
vsteps in methionine biosyntheSis but have become derepressed for the
synthesis of one or more of the termina] enzymes of the biosynthetic
Cpathway. - ‘

L.
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Figure 3 - Proposed map position for the metG gene. -~ . * . .~
the map represent cotransduction . |

- The numbered arrows to the
- frequencies.: The directio
marker.

used for this study.- The direction of transfer and point. of origin
of the episomes are.indicated by the-arrow. The positions '
the genes except metG are from Bachmann et a?. (1976). .
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The arrows to the léft of the map represent the F episomes =
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;'i-homocystedne Theestngle exceptiOnal mutant, designated 5558’ 15 »

When testeq,on m1nima1 agar at 37 or 30 . all but one of the K

revertants were able to grow a either temperature without exogenous ;'

d1scussed 1n,a later sectton of “Rbsu]ts"'-'

’QQAJJ of the rematning reﬂbrtants were then subjected to a

: Screentng;procedure designed to faciltiate the 1dentification of strains

tan wmch an ambar mqtat‘ion /was resrmnsible for the met phenotype‘ FO"W

1ndependent revertants which 1n1tia11y appeared<as met when lysogenized

W1th ¢80psu3 N were reta1ned for fgrther characteriZation’r waever, . :;.;;
T4 oy L
gorous cp CUmstances, 1e

aftep pur1f1cat10n and retest1ng under moreﬁnz

was conc]uded that the presence of the prophage:padfno pronbuneed effect

.u>

on the met phenotype of these strains These Forty revertants,;wp}th’ﬁ'
des1gnated SU3 47, were. subsequent]y used for a detaaIed analysis o?“

the mechanftms b"ﬁhich C557 reVerta to a met phenotype

PmelemznarthZas ‘aztion of.revertant etratns |

-:."X'.T.

‘ parEnt‘strain CSS? Therefor
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. Table 5 a}Enzyﬁe'aétﬁvigieswih‘éé?ss~é"Eevertent strains. - ;
Strain...¢fassb L :,.,RéTdthé4dspeCif{c'activitya
_ N o 0-methy1eﬁe4 ‘sfc}stathﬁonese ; ATP{methionihe
tetrahydrofo1ate P © s-adenosyl- -
_ , reductase ) .. . transferase
‘_“" o . (metF) o (fnetd) R ".'.(irietxl)' ‘
BN wild type 1,00 100 . 100 e
CAM29 . metd mutant  10.77 .00 . 8312
SU5 . ‘revertant 2.40 . 0.70. . .. . 0.87
- SU7 S : ~'71.03 ‘0.74 . . 0.9
- SU9 R - 2.55% 119 o o2
SUT! , o - 1.63. -1.04 ,}T4'vb-4j.ﬂ,20
SU13:- " 0 2.30 0.88 .- . - 0.89
©su23; L S 1.78 - 1.36 © . 0.98
N " 1.02 1.45 1.13
Sy28 . o ~0.93 1.18 1.23
NES W 1.25 0.96 0.85
U2 .22 1:30 . .0.95
-sU33 -, " 1.62 .0.52. . . 0.92
SU37 ,:': .27 +1.20 1.06
W 0 0082 BRTE 1.03
csum B o 0 1.29 1.07
S D L % 3 0.35 1.21
suas - ot . 174 -~ 1.28 1.09
SU45 : S 1090 AN 1.41 .
sva7 0.69 R 11

a The enzyme act1v1t1es of the revertant stra1ns are expressed as
re]at1ve to the snec1f1c act1v1ty of the wild type strain (AB1111)
which is taken as 1.0 in each case. The actual specific act1v1t1es

: (i)W 5 lo-methylenetetrahydrofolate reductase, 36.0; (11)

g E-tystath1onase 0. 11, and (iii) ATP: meth1on1n§ S-adenosyltransferase, =

9.08. < The units. of spec1f1c activity are defined under "Materials
_ and Methods" The stra1n AM29 was 1nc1uded as a control to ensure
that the assay wou1d revea1 h1gh 1evels of activity.

»
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, ma;p j ty of the revertant stra1ns Howeyer, as noted in a later :

sed!

P

of "Results", it was eventually discovered that thlS mechanism
could account for e1ghteen of thelforty revertants. _ |
Since Chater et aZ (1970) have preViousTy shown that metd

‘and metk mutations are frequent]y able to suppress the meth1on1ne -
requirement of metC mutations in salmoneZZq; it‘was'expected that ah
substantia]-number of the revertants isolated for this study‘would have
a mutation in one of the regu1atory genes atfecting methionine biosyn?
thesis. To examine this possibility; all of the revertants of the' | Vo
SU3 47 ser1es were screened for 1evels of N5 N10~meth§ﬂenetetrahydro- .
fo]ate reductase (metF) act1v1ty ThlS enzyme was chosen as an 1nd1cator
*of the state of regu]atlon of the methlonlne b1osynthet1c enzymes
since Ahmed (1973) has reported that the synthesis of th1s enzyme 1s :
partlcu]arly responsive to cond1t10ns lead1ng to derepress1on of the
enzymes 1nvo1ved in meth10n1ne biosynthesxs ' The resu1ts of th1s assay
are presented in Tables 4 and 5. Twenty two of the revertants showed
~ non- repress1b1e 1°vels of metF act1vity when grown 1n the presence of -

:meth1on1ne (10 ug/m]), and had the same 1ow 1eVe1 of metG act1vity as .
_rthe parenta] stra1n CSS7 The rema1n1ng e1ghteen revertants have more

or 1ess norma] 1eve1s of N5 N10 methy]enetetrahydrofo]ate reductase

Z(ﬂetF) B cystath1onase (metc) ‘and ATP meth1on1ne S< adenosy]transferasf
L ]

: .(metk) act1V1ty when grown under non repress1ng condit1ons

d

. ;. On the bas1s of these results the revertants were tentatwe]y
divided 1nto two categortes CTass-l revertants (Tab1e 4)-are those
wh1ch showed non-repressible 1evels of the metF-enzyme and class-z

..revertants are those wh1ch appeared to be norma]ly reguIated for the

meth1on1ne b1osyn£het1c enzymes.'



vCharac_tei'ization of metJ revertant straing

" Mutations _in.either the metJ or~métxwgenessare khown to‘iead'
to genera11zed derepress1on of the meth1on1ne b1osynthet1c enzymes |
S1nce these are the only 1oc1 known to be involved 1n the regu1at10n of
all the meth10n1ne b1osynthet1c enzymes, it seemed probab]e that the
class~1 revertants'wou1d be character1zed hy.a(mutat1on in one.of_these
" genes. | | ” | :
| A1l metd mutationsbuhich have been isolated to date conter‘
_'ethionine resistance The presumed mechanism of re51stance Invo}ves
| metd mediated derepress1on of the meth1on1ne b1osynthet1c enzymes and
a concom1tant increase in the endogenous meth1on1ne pool to the extont
that eth1on1ne is outcompeted by meth1on1ne as a substrate for proteIn
.synthes1s " Since the metJ locus is. approx1mate1y 90% cotransducible ;
with the metB locus, metJ mutat1ons are eas11y 1dent1f1ed by demon-
stratxng close 11nkage to the metB 1ocus of the gene respon51b1e for
,the eth1on1ne res1stance phenotype |

In order to test for the presence of a metJ mutatlon in the

class-1 revertants, a transduc1ng ]ysate of P]vtr was prepared on each '
of the revertants, and subsequentfy used toitransduce;the.ethioninex
sensitive strain Hfr Rl'(reldl metB thi). Twenty;five,metf‘transductants

- from each cross were tested for eth1on1ne res1stance at 37°. It‘waS'

found that all of the cZass 1 revertants give rISe to eth1on1ne res1stant ff7

transductants of Hfr R1 with an average frequency-of 85%u' This is
1approximate1y the cotransduction trequency eipected for mutations at’

the metJ 1ocus (Ho]owachuk, 1976) In'eontrast' under identicaT

cond1t1ons, none of the cZass—z revertants nge rise to ethzonlne

re51stant transductants of Hfr . R]
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On the basis of”these“transduction experiments,‘and the

'non repress1b1e phenotype (1ndicated by high levels of metF activity),

‘ga11 of the class-1 revertants have been des1gnated as metd mutants

The met phenotype of these revertants is therefore attributed to an.
1ncrease(fﬁ‘the endogenous meth1onine Tevels to the po1nt thlt exogenous
methionine is.no longer required for adequate charg1ng of tRNAmet by
the defect1ve synthetase The absence of any me tK mutants among the |
revertants is attr1buted to the fact that meth1on1ne excret1ng strains

were not reta1ned for further study

In vivo levels of aminoacylation of rnatet in dlass-2 revertants )

-

" The initial difficulty encountered in demonstrating the,ability ‘

AMet in vttro

of extracts of the class 2revertants to am1noaty1ate tRN
ra1sed the poss1b1l1ty that tRNAMEt was also not be1ng charged efflcently

in vivo. In order to clarify this s1tuat1on, the. Ln vzvo level of

‘am1n0acy1at1on of tRNAMEt was estimated for several of the cZase-

revertants by the procedure described by Lew1s and Ames:j1972)

_results of this exper1ment, presented in Table 6, 1nd1cate that the _

class- 2 revertants have essential]y w11d type 1eve1s of charged tRNAMet

e The s1mp1est exp\anat1on of these observat1ons is that these strains are

- ;écompetent to effect h1gh 1evels of aminoacy]at1on of tRNAMet in vivo.

_ The reso]ut1on of th1s d1screpancy between the tn vzvo and in vitro

s1tuat10ns is noted e]sewhere m "Resu]ts" o
g , S '-;-ff -
Methzonyl tRNA 8ynthetase acttvtty tn cZass-Z revertants ' S

A maJor d1ff1cu]ty encountered in -the pre11m1nary ana]ysis of
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Tab]e 6

' The percentage of tRNAMet wh1ch is amlnoacylated in vzvo in severa]

elasg-2 revertants.

- Source of  Class . Percentage of trnAMet Relative trnaMet

(R © ~  charged snvivo .  content per Apgy unit

N wildtge . 8 T o .00

. CS50 . metG mutant 2% - 100
SU31° . revertant .16 o 076 g
SUs2- revertant g7 . . 1.19°

e

.vThe amount of meth1on1ne accepted per A260 un1t of tRNA is expressed
re]ative to the value obta1ned for the wild type stra1n (AB1111), -
which is taken as 1.0. The: actual value obta1ned for. ABI111. was 0. 34
pmoles of L-meth1on1ne accepted per A260 unit of tRNA

l . h -



‘v'the class- 2 revertants was the 1nab111ty to recreate in vttro. the
condi tions responsible for ‘the met phenotype It was subsequent\y
observed that 1f the aminoacylatlon assay was performed on undialyzed
” extracts, ‘these revertants show leve]s of methiony] tRNA synthetase

: activity wh1ch are comparable to wild type However, when the

: extracts were d1a1yzed aga1nst N1renberg buffer or desalted on
(Sephadex G-25 equ111brated w1th this buffer, the activity was .
'fdrast1ca11y reduced The d1screpancy observed between the in vtvo and
'tn vitro s1tuatlons was therefore ascr1bed to 1nappropriate conditions
"attend1ng the preparat1on of extracts A series of experiments was h
undertaken to determlne cond1t1ons more amenable to the recovery of
,synthetase act1v1ty in extracts of class-z revertants - ATP, tRNA MgCIZ,
and L-meth1on1ne, e1ther a]one or in comb1nat1on, had no. pronounced '
-.stab11121ng effect on synthetase act1v1ty dur1ng dialysis or passage

through Sephadex G- 25 However the replacement of N1renberg buffer .

,.w1th a buffer conta1n1ng 20 mM potass1um phosphate (pH 7.3), 10% g1ycerolu

t'z(v/v), and 10 mM Z-mercaptoethanol, resu]ted 1n apparent]y complete '

stab111zat1on of synthetase act1vity in class-z revertant extracts

o dur1ng d1a]ysis or passage through Sephadex G- 25

The resﬁ]ts of a ser1es of exper1ments 1n wh1ch various
fprocedures were emp1oyed in the preparat1on of extracts of the cZaes-

revertants are presented in Tab]e 7. It can be ‘seen that when extracts

. are prepared and d1a1yzed in the phosphate/gy]cero] buffer (Method A)

all of the revertants shbw a signtfigantIy h1gher Tevel of synthetase
act1v1ty than the metG parenta1 strain C557 ThlS suggests that - the

»

e_,mechan1sm by wh1ch these revertants regain methlonine independence 1s by

a mutat)on resu]ting in_an 1ncrease.1n synthetase activity. Also,‘On.the



| _Thblew7 - The‘efféﬁﬁ_of vakidus preparative procedures on.methionyl? -
. tRNA synthetase a¢tiyity ih'extractsnof cZa§s~% revertgnts; -

S S S S ST eSS S S
- Strain  Class C Relative specific activity:
’ ' " of methionyl-tRNA synthetase® - -

I3

W
b~
A

Method A ‘Method B - Method C  Method D

ABII1Y - wild type  .1.00 0.87 1;0;ES 1.96
. CS57 . - metG mutant . 0.13 0,02 0.02 - -0.02
+SUS  revertant - 0.86. . 0.69 0.23 0.01
su7zoe o .0.99 - 0.65 - . 0.81 1.20 -
- SU9 " - 1.02 - 0.56 . 0.46 0.03
SUtt "o - 0.70 - 0.56 0.32 © 0.68 -
sy .. - " 0.97 . 0.40 0.36 - 0.01
su23 " 0.66 -* 0.40 0.48 - 0.03 -
-'Suz24 .~ " 0.83. - 0.78 . 0.85 0.10
sues " 0.71 - 0.55 - - 0.52° 0.02 -
-sg3r- o 0.86 . -0.78 ~ 0.36¢ 0.03 -
- su3z2- " -0.99 . 0.67 0.66 0.02 .
'Sysy - " . 0.89 0.42 - 0.32 0.0
SU37 - M 0.5]1 0.44 .0.22 0.01
- SuUf o 17 - 0.39 0.34 0.01 -
su43 . " 0.60 0.60 -0.72 - -0.14
- Sua4 " - 0.78- - 0.70 - 0.30. . 0.01
su4s - o 0.69 0.42 10.20° - 0.03°
- Su47 St - 0.82° 0.61 - .0.81 1.14

% The enzyme activities ;}e eXpreSsed.%elative»to_the specific ‘activity -
“of the wild type strain (AB1111), which is taken as 1.0 for extracts
 prepared by "Method A". The actual spécific activity is 2.33. The
units of activity are dqfined under "Materials and Methods®. =

'The,extratts,weré pféparedjby.a’yarieﬁy of-procédures’as,folldws:
" (A) dialysis for 8 hr in 20 mM potassium phosphate' (pH 7.3), 108
- glycerol, ana 10 mHVZ-meréaptoéthaan; .(B) fresh-undia1yzed extract
in Nirenberg buffer; (C) undialyzed extract in Nirenberg buffer. . ]
' indUbated'for 8 hr at 4° prior-to assa};‘aﬁd (D)'eXtFQCt dialyzed in
:'NirenBérg'buffeE for 8 hr at 4° prior'to'aégay; e |

~



basls of the data in Table 7 a prel1minary sub classwflcatwon of the
revertants can be made Those revertants which show an almost complete
h loss of’ act1v1ty dur1ng d1alysis 1n N1renberg buffer, represent the .
| maJor subclass The strains Su7 and SU47 whlch show no loss of )
activity under these c1rcumstances, represent another class. The strains .
‘SUll SU24, and SU43, wh1ch show an 1ntermed1ate loss of act1v1ty, repa
.‘resent a third subclass As noted in the next sect1on of "Results", a L
' ﬂsimllar but more complete subclassif1cat1on can be made on the bas1s of :
:other characterist1c of the synthetase activity 1n these strains '
Met determnatwne for’ the cZaes 2 revertmts . :

In the absence of other 1nformation, two s1mple hypotheses T
can be pr0posed to account for the restorat1on of synthetase act1v1ty
1observed in extracts of. class-2 revertants One p0551b1l1ty lS that an.

1ncrease in the amount of defect1ve synthetase results 1n the observed

: 1ncrease in spec1f1c act1v1ty . The other poss1bil1ty s that an alter- f“‘

‘ f'at1on in the structure of. the synthetase has resulted 1n part1al or

: complete restoration of synthetase functlon
In order to dist1ngu1sh between these two poss1b1l1t1es, the

Met of the meth1onyl tRNA synthetase of the CZdSSrZ revertants was

| ;i~determ1ned by the pyrophosphate exchange assay For this assay, extracts .

»were prepared and d1alyzed in a buffer conta1n1ng 20 mM potass1um

' 'ﬂ_tphosphate {pH 7. 3), 10% glycerol (v/v), and 10 mM 2- mercaptoethanol

lThe L1neweaver Burke plots for this series of exper1ments are presented
v ln Append1x II The Km t’and Vmax values obta1ned from these plots '
are: 1ncluded in Table 8 From these results it can be- seen that all of'

'7,ithe class 2 revertants have undergone a mutation which results in a
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Met of . the activation reaction. One of

“substantlal decrease in the Km
the revertant strains (SU11) is indistihguishable froh the wild type
strain'by this criterion Also, at least tho of the other revertants' &
\(SU24 and SU43), wh1ch are not d1st1nguishab1e from one another, are -
readily.d1st1nguwshed from the rema1ning revertants by a KmMet which is

only four ‘fold higher than that of the w11d type strain (AB1111) It

should be noted that these three strains are-among those in which the
synthetase act1vfty is re]atively stable during dia]ysis 1n Nirenberg

buffer. The two stra1ns (SU7 -and SU47) which show ‘no loss of activity

dur1ng dialysis in N1renberg buffer (Table 7), cannot be d1st1nguished

Me t. It also

from the maJor class of revertants on the basis of Km
- appears that SU5 and SU28 represent arother distinct c]ass of revertants
, From the distinctions afforded by the KmMet determinations. o
| .the instabi]1ty during dialysis, and the thermal Jability of the -
_ synthetése five sub~classes can be dist1ngu1shed amongithe cbzas-
-revertants These sub- classes are des1gnated class-2.1, 2.2, 2.3, 2.4,
2. 5 respect1ve1y A summary of the er1ter1a by wh1ch these classifica-
tions were made is presented in Tab]e 8.
“The 1nterpretat1on of these resu]ts was that in each of the
;cZass 2 revertants, a mutat1on ‘had- occured which rggu]ted 1n a structural
ﬂmod1f1cat1on of the synthetase By th1s reason1ng, and as a matter of
notat1ona] conven1ence, the Metc a]le]e des1gnations of the class-2
revertants have been adJusted by  the add1tion of a numerica] suffix
correSpondtng to the number of the revertant stra1n (see Table 8): |
From the data presented in Table 8 At can a]so be concluded
"1that the presence of a metd or reZA mutatton has no apprec1ab1e effect

on the kindvorvamount of methionyl-tRNA synthetase_produced. o
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'Thermaz mactwatwn studi.ea S ]

‘ In an attempt to further dlStthUlSh among the class-2
“revertants; and in order- to substantiate the classifications already
~ made, the rate and extent of: thermal inactivatlon of synthetase activity

was determined. Undialyzed extracts prepared in Nirenberg buffer were:

_"subjected to a“fivef;_; '1on at 42°, then assayed by the amjno-

"acylation assay iaeipe, ”lexperiment are ‘presented in

Table 9. The.synth-’; "n extracts of those revertants

-

‘, r or ?:las-z 3 1s ‘seen to be very

"prev1ously classafied Ss~a7ﬁ

]rapidly inactivated at this temperature, whereas the synthetase activity ,

~in extracts of the remaining revertan s is relatively re51stant to

~ thermal 1nactivation under these C1rcumstances It should also be noted
,-

that although clase-2.2 revertants cannot be distingutshed from

-cZasa-Z 3 revertants on the basis of KmMet determinatidns, they are y'
readily dlStTHQUlShed by a differential stability during heat treatment _
or dialy51s in Nirenberg buffer The results of this experiment there- '
fore corroborate the cla551fications already made by other criteria. '

| g In order to examine the thenmal inactivation gf synthetase \
activity‘more rigorously, the kinetics of thermal inactivation ‘were
determined for representatives of several of the subclasses. "The
';<extracts were prepared in the phosphate/glycerol buffer and 1hcubated

at 42° for various times. The results of these experiments are

presented in Figures 4 and 5 The rate of 1nactivation ;2 Sull is seen

56

o be 1ndistingUishable from the wild type strain ABllll Therefore,. by

all available criteria this strain ~appears to be a true revertant in

whach the reversion mutation has t~;lored the synthetase to its w1ld type N

-
04
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Table ‘9 ~-Thermal. 1nact{vation of methionyl-tRNA synthetase activity ~
at 42° 1n clage-2 revertants ' : BN -

strain . - 1'%'re$1dua1‘activ1ty*-. -4‘_-?C§ass1fication,

wmm ® s witd type'
ss & . class-.
s ooy e
swo . o e
wn . w0 e
sz 7 R R
su23. & L
fSUZQ SRR f80 o - -,, "
su28 s R
T E S L
w3
T A S o
wy . Ttea oo
- su3s e SR
su41 e ' ' 4. ; I e w ’
Csws . 0 s oass
S TP SR L &
swsT 2o e
sua7 I 2L 2 B

o e fo Do Do fo fo B
LI . . . . . * -
PR SRR IOV N m_m_u

~ - =~
S -~ =

~
-~

o

* Extracts were incubated at 42° for 5 min prior t0'be1ng assayed by o
the aminoacy1at10n assay ‘ : : :

L »
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A'=f1n W11d type and. mutant stra1ns at 42

8o p| e
| -.- sun
——e— AB nu
%?fé# suzo [ﬁiérfj

%Activity rema

——

<~ ffF1gure 4 - Therma] 1nactivation of meth1ony1 tRNA synthetase actfvity -i?ff[f

f'*?”The relevant genotypes of the strains are as” fo1lows AB??]iﬂ{ﬁngﬁﬁg?1fyf°??;i;
-GS (meta46) Suzo (fnethtb‘ metJ), SUI1 (metG46—11) T
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' herma] mactwatwn of methioﬂy] tRNA synthetése?ctivity
:’{,‘fﬁ azqss-z revertant strains at 42 > " ok

The strams SUZ4 and 5U43 are class-z ] rever’cants The strai n’

'_;SU:ﬂ and SUB7 are cZass-z 3 revertants w

s

' 59
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“form. The two strains SU24 and SU43 prevhously c]ass1f1ed as class-2.85,

'

are not- dlst1ngu1shab1e from one anothg: by this crlterla, and may

therefore represent 1dent1ca1 mutat1ons The class-2.3 stra1ns SU31

and SU37 represent a partlcu]arly 1nterest1ng case. The 1n1t1a1 rate of Qr"

“inactivation of synthetase activity is remarkab]y fast in that approx-
-C

1mate1y 85“ of the synthetase act1v1ty is lost during the f1rst two -
“minutes of _exposure to the e]evated temperature Th1s is fo]lowed by

(<]
;oa very gradua] dec]xne in activity until an apparent p]ateau is
Y
‘ reathed at approx1mate1y 12% res1dua1 act1v1ty Th1s therma] ]ab111ty

is also expressed in vivo tﬁnce class- 2.3 revertants requ1re exogenous .

meth1on1ne for growth at temperatures above 37e.

-

- Ihppzné the reversz,on mur:atwn in class- 2 3 revertants ' R '
S1nce al] of the r5vertants were obtalned as spontaneous "
mmutants, it is- assumed that a s1ng]e mutat1on s responSTble for the
‘met phenotype In the cZass- revertants, the mutat1on has - e1ther
"occured w1th1n the structura1 he for: the synthqtase or at some other
s1te resu1t1ng in the creat1on of an externa] suﬁpressor The two
.hypotheses can genera]]y be d1st1ngu1shed by a var1ety of mapping

'experlmehts in wh1ch for example the or1g1na1 mutat1on 1s recovered by
t\otgansferr1ng it to a stra1n 1ack1ng the suppressor mutat1on pﬁ’;he
neﬁg%Sé%n mutat1on 1s 1ntroducgd into "the parent stra1n byécotransduct1on
Na&%h“avsu+table marker. In .the present case the absence%bf a suitable

§g§h&t1ve4narker wh1ch is cotransduc1b]e w1th the metG 10cus has made
A o o
€ﬁ1s a. technlcally difficult problem. - SO hf v

&

fi The approach used for mapp1ng the revers1on—mntatlon is based

&

on the assUmpt1on that 1ntroduct1on of thé w11d type s1te by recomb1nat1on

3
RERY

el

.
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R

s shou]dvreSult in restoration of the met' phenotype Th1s approach
requ1res that the 51te def1n1ng the metG46 mutation must not be
’ removed by recombination and, therefore, prec]udes the use of metG v
donor stra1ns for mapptng experlments 1nvo]v1ng the metG reg1on i the
¢uromosome In orderLto\sat1sﬁy th1s techn1ca1 reqdwrement an Hfr t
stra1n (Hfr 312) wh1oh cqgr1esihhe'met046 mutation, gud wh1ch has a-
s po1nt of orlg1o,near“thesmétc Tocus, was constructed ’ ,
P K'codjqui‘Ekoss wds pé’formed between Hfr 312 (chr Zeu ara
proA Zac s@’g‘ahlf me‘tt}ﬁ repL .ryl mtl th’b) and SU31 I (F Zac : metG46\-31'
hcs rspL gZpK argahthz)‘ Nutritlona1 se1ect10n was-app11ed aga1nst'both"
"‘donor amd ret1p1ént Uy se]ect1ng for grgwth of recomb1nants on m1n1ma] |
'medlum suppﬁemented w1th arglnlne and meth1on1ne 0f 40 hIS recomb1n~ 1.
- ants recovered from thls.cross 29 were-met . Thls'resu1tltheretore
| suggests that the mutatlon respons1b1e for the met phenotype 1n SU31
is close]y 11nked to the his operon Slnce thlS is the reg1on of the
chromosome where metG'fs locat~d,’ th1s resutt does not d1st1ngulsh
f.between a reversion mutatlon w1th1nwthe metG Tocus and a closely
ﬁ]1nked mutat1on outs1de the 1ocus / S1nce Hfr 312 acts as a donor with )
a relat1ve1y low eff1c1ency, an 1nterrupted mating experlment was hot
‘feasable A more detalled mapp1nb‘of the reseﬂ31on-mutat1;h must await
the construct1on of stra1ns w1th seléftlve markers wh1ch are cotrans-
"ducible with ‘the metG Toc %
| . | uﬁk}; f‘iﬂ RPN R
A reledepe:dent _methiomlné require}nérzt:‘in"_ciass.12.3 révertants

Durlng the course of mapping exper1ments de51gned to e]uc1date

theiloqgt1on of the mutatloh respons1b1e for the met phenotype of

"
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the class-2.3 revertants, t was observed that met- fecombinents were
obtained at a high‘frequency from a conjuoal‘cross between the met+
str‘ams Hfr’ KL'IG (reZAl thi) and SU J]—A (F thr Zeu ara Zao metG46—31 ‘
his t A rspL thz) of 104 thy str’ recombmants, obtamed from this -_‘;‘:;5“, R
cross, 34% were met . The results . this exper1ment, 1nc1uded in ‘f;‘ f*g?
Table 10, suggested that a locus which 1s in sane way responsib]e for . ‘.
the met" phenotype of SU31-A, mlght be cotransduced with thyA. This was
confirmed by'transducing‘SUBI-A with!P]rprepared=on X407 . (Hfr H proB
reZAJ thi). Of 31é thyA+ transduetants recoveredlfrom this‘crOSs,‘l% .
were met' (tab]e 10). A similar transduct1on experiment revea1ed that
the locus’ respons1b]e for the met phenotype is cotransduc1b1e W1th _
“argA. A P1vtr lysate. Q’ X407 was used to transduce SU31 -C (F~ thr leu \4“{
ara Z'acam metG46‘—31 his a.rgA rspL th‘L) of the 203 arg tr‘ansductants
.selected from thlS cross, 18% were met (Tab]e 10) ~ Since the argA gene'}'
is appr0x1mate1y 20% eotransduc1b1e w1th thyA these resu]ts 1nd1cate
the clockwise gene sequence to be "met",argd, thyA. . o

In contrast to the above results when’w * strains were“USed ;-y
| as donors under 1dent1ca1 cond1t1ons, no met recombinants wene‘regovered
For examp]e a]l of the 40 arg str reComb1nagts reco’@hed from a
conJuga1 cross between Hfr 305 (thz) and SU31 C rema1ned met* . Similarly;
when a Plvir 1ysate of the ancestral stra1n ABI111 (F” thr leu ara proA
lac supE gaZ his repL xyl mtl thz) was used to transduce Su31-C, none of -
the 152 arg transductants were met” (Tab]e 10) S1m11ar crosses in
- which two other unneyeted re1- strains were used'as donors prdduted'the
same resu]ts. o 'f | K | '

The internretat1on of these resu]ts 1s that the 1ntroduct1on of

the relAJ mutatlon ?nto~SU31 results in the met phenotype ~The

yoao
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)

“1nferred or1entat1on of the locus respons1b]e for the met” phenotype
is consistent w1th the reld, argA thyA sequence reported by F11] and
Friesen (]968) Also, ‘the 24% cotransductlon frequency reported by .
Fiil and Friesen for the reld and-argA loci is similar to the 18%
cotransduct1on frequency observed for the aqu locus -and the locus
‘ respons1b]e for the met phenotype | |

A spec1f1c pred1ct10n of the hypothesfs 1s that from a cross .
between SU31 and a reZA donor strain, on]y rel? mét and re] |

.recomb1nants should be Obtaihed This was conf1rmed by a transductfbn'

l
S

< e

BN
A

. )
I‘I"‘

-experiment’ in which a Pl lysate of Rfr RI (relAl metB thz) was- used &8 . ¢!

Y )l‘ .b".'t' ,";

tran_s_ddce SU31—C. , One hundred and four arg transductants were. %%,

. ‘ . . . - "."s ‘:":&,
" scored for the rel phenotype and for the met pherotype. THE resultss ?%gg

‘obtained-From'this-eross were in perfect'agreement with the predictioni
- Seventy-four of the transductants were rel” met and thirty were re]
\vmet’("‘ e :‘ IR : S ‘k' ‘
| The recessive nature of- the mutat1on responSIble f"hthe met
-.requ1rement was determ1ned by’ 1ntroduc1ng severa] relt F p]asmids into
the rel” met strain €S130 (F™ thr leu ara lac metG46-81 his reldl
:argA rspL thz) and the 1sogen1c re] stra1n SU31-C. The F, strains KLF8
/MA50 (F108 arga® reld *) the leu Zao cys lysA mtl mal th‘L) and NF306
(F160 argA reld / Leu hzs rech argG ‘rspE repL metB pyr) were mated
| . with CST30 and SU31-C then plated on an appropr1ate se]ect1ve medium
supplemented with meth1o@1ne - Fifty arg merodwploids were retained
from each cross and tested for a meth1on1ne r!hu1redent In‘each case,
.all of ‘the merod1plo1ds were met \In v1ew of . the prev1ous report ‘
.by F11] (1969) that thevreZAl mutat1on is rece551ve these results

~are con51stent with the hypothes1s that- it is the reldl mutat1on uhith
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.1S respons1b1e for the met phenotype The reciproca] ekperiment in_
- wh1ch -an F p]asmid carryihg the relAl mutat1on is introduced into, CS]30 |
and SU31 c was not performed ‘since-such an—F Vp1a5m1d 'is not availab]e
Several attempts in. this and several Othew~1aborator1es (J D. Friesen.
‘fpersonal commun1cat1on) failed to produce such a p]asmid As might be |
_expected, the’ met”. phenotype is-also recessive to a gene carried on the
\F103 p]asm1d This was demonstrated by 1ntroduc1ng the F103 p]asmid
from KLF3/JC]552 (F103 hts metG ty Ze&%&gb v“EE gaZ trp his argG repL
mti metB mal) into CS130. Of 40yhns merod1plo1ds recovered from this -
mating, all were met’. Since the F103 plasmid carries the metG locus .
-but not;the relA 1ocus, th1s result suggests that the met” phenotype |
is dependent on the altelic cond1tion of the metG 1ocus -

In order to demonstrate the the mutation responsib]e for the -

met phenotype was not present 1n the parenta'l stram, a Pl ]ysate of

A

CS57 was used to transduce the rel” stra1n CS130. Of 156 arg
transductants recovered from this cross, 84% were met (Table 10) ‘
p) R 2

This cotransduct1on frequency between argA and the locus responsib]e for .
the met phenotype is substantial]y h1gher than that observed for. the
previous]y noted transduct1on experiments. Th1s d1screpancy 1n trans-
.ductjon frequencyf although unexp1a1ned, 1s cons1stent wfth previous .
' obsgﬁiét1ons by other workers (Ryan and Borek 1971), who' have noted th%?
1reL f%?aqi96ctants oc,reCOmb1nants are: preferent1a11y recovered- under
'._s1m11ar circumstanc%ﬁ' 7& | o

f ;‘1‘2 Thdeffect of tpeu-gz/u muta;aon has been exami ned in severa]
other cZass-z revertants 0f‘52 tpv strf recomb1nants obtained from a
conJugal croso betweewthe oﬂz& 2.3 revertant SU328 (F~ thr leu ara

"v »-r"

Zac metG46-32 his thyA repl xyl mtl tht) and %Sr €S126 (reza1 argA tht),
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45% were met H In contrast when Hfr CS]26 was crossed with the
"'class 2.5 reVertants SU24-A (F thr Zeu ara Zac met046-2,4‘hw thy/i .

- rspL xyl mtl tht) or SU43 A (F thr Zeu ara lac mé'tG4‘6;43 his thyAw
rep: zyl mtz thi)y no met” recomb1nants were recovered (Table 10). Thehﬁ
'dclass-Z 5 revertants are therefore dlstinguished by yet another criteria
| This result also p#ov1des additional evidence that it is the a]lelic

state of the metG gene wh1ch‘1s the primary deternnnant of the met

.‘phenotype | _ _ | ‘ f v

| A‘ :.v Under the assumpt1on that CS]30 is met™ because of the reldl |
imutattsn, it fol]ows that one of the ways in wﬂﬁch th1s strain can revert |

" to becomelmet 15 by revers1on to rel UnfortUhatelyh revers1on to ‘

;,re]f is expecﬁed to be much lese 3Quent than fonward mutat]on to metJ
or metK, so that re] revertantsﬁﬁ?;ht not be rquhly recovered Forty
~spontaneous met revertants of CS]30 were scored for’ the1r re1 phenotype -
. and found to be re1 It therefore appears that anot class of _;_.

mutants is preferent1a11y recovered under such circumstances |

In summary, it seems probab]e that the reZAl mutation is
respons1b1e for a methion1ne requirement in at least two of ‘the
revertants A presentatwon of poss1b1e mechan1sms for the rez dependent
meth1on1ﬂe requ1rement is out11ned elsewhere in “Resu]ts".
| AN

The tnvoZvement af the relA gene in the regulatton of methtomne o

=

bws yn thesis
In view of the well, estab11shed role of the reld gene as a
regu]atoreof stable RNA synthes1s “and the recently e]ucidated role in :

~ the. regulatlon of histidine b1osynthes1s in S&Zmonella (Stephens et az.,



nv*'1975), itfseened likely that the rez—dependent_neﬁhionine requirement
u"of 0za88;2-3 revertants<represented a'regulatory.phenomenon Within
;th1s context, it was con51dered poss1b1e that the syhthesis of methiony]-
.tRNA synthetase and/or the methionine b1osynthet1c enzymes were under
a form.f regu]atory controt 1nvo'lv1ng the reld gene o
A ser1es o? exgeriments were des1gned to test th1s hypothesis
: !w’the f1rst set of experiments, the stra1n sU31-C: (F thr leu ara Zac
metG46-31 his argA rspL thz) and the othenwwse 1sogen1c rel” stra1n
"% CS130 were used to- study the effect of the relal mutat1on oﬁtﬁhe
| ynthes1s of meth1ony1 tRNA synthetase and 8- cystathionase {metc).
| Cu]tures of these strains were grown to mid log phase in m1n1ma1 medium
?}supp]emented W1th twenty amino ac1ds. then shifted to a med1um
-conta1n1ng a]] am1no ac1ds ‘except meth10n1ne - Thé shift from repressing
to non repress1ng conditions (w1th respect to the meth1on1ne biosynthetic
'enzymes), when comb1ned w1th the defect1ve synthetase of these strains,
is expected to induce the synthesis and accumu]at1on of relatié;ty high
levels of PPGpp in the rel stra1n but not 1n the rel” strain.. The/%g/’//
" am1no acids were 1nc1uded in the growth medium srnce'Stephe et al
: (1975) have reported that theseﬂconditions cause a reduct10n in the _
“basal 1eve1 of ppGpp“1ﬁ a leaky rel” strain (such as th‘ relAl strains)L'
The 1eve] of meth10ny1 tRNA synthetase act1v1ty and B-cCys’ athlonase

_act1v1ty was determ1ned from samp]es of the cultures take at timed -

' 1ntervals fol]ow1ng the shift to meth1on1ne free med1 ‘ o
The results of.th1s experiment are pr ented in Fipures 6Aand'7;

From the resu]ts presented in Figure 6, it 1s apparent that the rate of

'bsynthes1s of B cystath1onase_1s dramat1ca11y 1ncreased in the presence of

-
- a funct1ona1hreLA atlele. Fnom the results presented in Figure 7, it o
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‘ -appears that the level of methionyl-tRNA synthetase activ1ty is slightly
higher_{nta re] strain than n a rel” strain. Moreover, the difference
in the aotivity increases substantlally fo]]owfng methionfne deprtvation.
This is in contrast to 1so]eucy1~tRNA synthetase activity which does not
undergo a d1fferent1a1 1ncrease in a re] strajn following meth1on1ne
starvatlon. Considered by‘ltse]f, this result might be'interpreted as
evidenCe that'the‘syntheSTS on degradation‘of nethfonyl—tRNA synthetase

s under. some form of regu]atory contro1 by the reld gene. However,

' thié c%\f]us1on is confounded by the ev1dence that at 1east two of - the

substrates for th1s enzyme, tRNA and meth1on1ne, also appear to be.

ynder some form of regu]atory contro] by the reZA gene Since th;i§!§;

substrates are beI‘eved to be 1nvo]ved 1n the regulation of synthe§ge

product1on the influence of the reid gene can not be astrlbed to a f\
pr1mary effect under these c1rcumstances A]so. 51nce the synthes1s of
“methionine inﬁxhe rel strain is ?ccur1ng at a very low 1e§@1, it may
:’simp1y be thaf‘the rel strain 1sfnot abﬂe to carry out prote1n
synthesis at a su¥f1c1ent1y hxgh vhte R - @ﬁ"

The potent1a]1y equlvo.aT‘nature oF'the above resu]ts

“ necesé“tated the constructlon of a palr of stra1ns in which the endogen-w

- Ous . 1eve1 of methlon1ne cou]d be more prec1se]y controlled. The stralns fﬁ"

B36: (Hfr‘ H pr'oB reZ.AJ metB.')'b‘ tht) and Hfr 312 (pz‘oB metB36 th'L) Sat'lsfy |

' inhis requ1rement 1n that they have. an auxotroph1c methlon1ne requ1rement .

"f which fac111tates exper1menta1 contro] of the endogenous level of free

n‘emethionine These stralns were grown to m1d log phase in m1n1ma1
"med{um conta1n1ng al] twenty amlno ac1ds, then sh1fted to a medlum in
:which the meth1on1ne concentrat1on was reduced to 2. 5 uM The cu1ture

was sampied at timed 1nterva}s and thbr4!§f@ﬁic actJV1t1es of methxony]—

EOTe

i
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tRNA synthetase, B~ cystathionase, and ATP: methionine S—adenosyltram!fer--f

”ase werevdetermined The results of this experiment are presented in .

"the amount of methionyl ~-tRNA synthetase is independent of the allelic ‘

of:synthetase activity observed for SU31-c_and €S130 is a secondaryf

icondition oflthe re;A.gene. This suggests that the differential 1eve1.7 o

.n(_

Figures 8-10. From the re ults presented in Figure 8, it appears that- 7 *'t

effett due to méthionine iimjtation‘in CS130, or is somehow due_to the -

fact that these strains have an altered synthetase

In contrast, from the results presented in Figures 9 and. 10,.‘

it seems that the rate of. synthesis of e cystathionase {metc) and ATP:

methionine S-adenosyitransferase (metx) 1s dramaticaliy 1nf1uenced by

the a]ieiic condition of the reZA gene These results are therefore ‘

con51stent with those previously obtained for B- cystathionase in the .

‘ SU31 C, CS]30 strain pair The slight 1n1t1al 1ncrease in metK activity
foi]ow1ng methionine limitation in the rel” strain‘(Fig,:IO) is be]ieved -

’:to represent experimentai error..

_An identicai experiment was a]so acrried out on the strains

CS'I 56 (F thr Zeu ara tond gaZ his xyl mtl metB th‘L maZ) and’ the ‘isogenic

.- to metc and metK act1v1ty were similar to those obtained w1th other f L

f‘: .
= it is clear that the synthesis of this. enzyme is also under a 51m11ar _,‘

- ;pairswof strains In addition‘ the act1v1ty of N5 Nlo-methylenetetra-

L

rel” strain CS]57 The reSults obtained for these strains wjth respect ;

hydrofoiate reductase (metF) was measured (Fig. 11) From these results

form of contr01 1nvoiv1ng the reZA gene. B ;f' -.:‘;'
‘ | It should be noted that the four strains 836 Hfr 315 CS]SG, |

and CS]S? are not repreSSible for the syn}he51s of the methionine .

ittbiosynthetic enzymes That:1§ even in. the presence of 1 mM L-methionine
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(a‘/ ) 7 ‘
b re"laﬁve]y thh levels of activi.\ty for the
. biosyntﬁ’etm enzymes The wtatmn responsib]e £6r this: effect has not

these strai ns sh

been 1dent1f1edz but in v1ew of the current model for the regulation of
»

- s N

‘ meth1on1ne b1osynthes1s, ?’t 5eems likmy that these strains have an

[N

a]tered metJ product ’Th1s hypothesized a]teratwn in met'J might ha*

e,

ar1sen dumng the, origimal 1so&at1on of the c]osely lirked metB

: ¥
mtattons. or m1ght copceavably ber ,due ty*vo]ar effect of' the metB
‘ A e . .

| " mutatwns on -the metJ 1ophs~ ~ .

kS

%In view of these obse;vatmns M ﬂ’{b\at the synthesis '
- of the meth1onyne bvbsyﬂ%ehc enZymes 7&»’”&! ' l?lﬂ?d by ;he presenc of
" a fonct'lonal re%ﬂ]]ele undpr condi tmns wh1ch aHow paitial expr, ,sion-w _‘
- of Qe strj&gent‘response In. yiew o‘tkre&nt ev1dence that the m&t“
*n ,,lecus codes ior»a ribosomally boun'd ‘gnzyme “whi chm*t‘alyzés the for&ation -
of. pQG?p from GTP and ATP‘?Sy and L1pmann, 1973), it seﬁﬂ! unhke'ly that"
the rd:?rzd;ct 1s direcﬁy 1nvolved in this phenomenon By analogyt\

*with the reéent f-esults of S‘!ephens et al. (1975) it seems phobab1e that

.,,'

sti ate transcwl pt-

~ ~

the effect ds med1ated by ppGpp whlch 1s *

;og of tﬁe methiane biosynthetic enzymes ~ 7
'I’he fortu’ftous occuren.ce of a non- repressible phenotype 'ln

four of the strains used for th1s study, indicates that the !imulat‘lon_ i
. ; 'of synthes1s of the biosynthetic eqzymes 1s a ?egulgtohy control which
- is exerted in additwrr to the repression-derepression mechan'lsm of "
contro’l specvf'ic for th1s amino acid. l : o S o
*‘ _ In view of these observations, a spec1f1c mechan'ism can be i
proposed to account for the rez-dependent methionine requirement of '
) cZass-z 3 revertants Since this c'lass of revertants hAS a: defect*lve

methionyl tRNA synthetase, the ceH has a higher level- of uncharged



. ’~ ) ’ N .

, Met . | S o ",‘ | ..
tRNA than the wild type strain. In a re1 strai'n. the presence of
a signifigant prq)ortion of unchaf’ged tRNA resu]ts in the production of

ppGpp by the product of the reZA gene. M uMlation of ppGpp

stimulates the synthes1s of the methfoni ';;,: ‘:N"f
.eventua'l]y resu'ltg 1n an 'increase in the ate of methionine production

to a level which is. Sufficent to overcome the Kn defect of the synthet- ,

ase. ’ A rel” sftrain s not able to respond in this manner, and 1s _

, the‘refore unab]e to mamtain the level of meth1onyl tRNAMEt requ1red o
for: contmued growth ,,, . o — o e _.f

Indireet evidence for a th?‘eshold efﬁect s der'lved “from the
obser?atmn tﬁat the metGl? and met024 mut@bion'; wh1ch have ‘a KmM et ':_-g .
wh1ch 1s onlﬂshght]y mgher tharfothat Bf'thi b "

' #
requi re exogehous meth'iomne for growth ré’gdrdless of the rei phenotypf
* .

The impHc“atign is that at the 1eve},,,of aminoacyIation in the cZa38-2 3.
iy

é

046‘-31 a1-1e1e, .

~.;revertants a relaﬂ?vely shght decrease in the rate of am1noacy1at1on

wﬂl?repa!tin a met ﬁhenotype It is rel,evant tb note at this point g

g

. cyc
_that the we'LA ‘gene has no observab1e effect on’ ﬁe k1nd or amount of

-:methiony] tRNA syntheta!e produced in cZass 2.3 revertants (Table 8)
’ . r(‘ ) ) '
Y j _ “v' " - . . . . . . 3 " . ‘ N
Otherrevertmts ) ‘- : ' o .“ , s,
" Tb,e“ra‘ln CSSZ was iso’fated as a spontane /us revertant of o
‘ :'Athei_tra'ln CSS4 (F thr leu az-a proA Zac sup! gaZ metG46‘ hw rspL a.yl o
- .mtl th‘b) This revertant is exceptfonﬂ in that 1t grows on m1mma1 |

| gagarvsupp’lemented wi‘th homocysteine or cystath‘ionine, but not hombseri - i

A l‘
<

ne. This stra'ln has MgMy derepress‘ed Ievels of the met:C and me#:](

‘ :'enz,ymes but no detectable qystathiomne-y-synthetase (met:B) activi ty :
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_ when grown in minimal:‘_medium supp]lemented with homocysteine.” The .
“ nesults-'of *these'enz‘)}me assays are included in Table 11. .
" o .-'T_he«mutat»ion- nesponsi‘bl‘e for'—this:e.ffect-was- localized by a -
", conjugal cross between Hfr CS92 (red] gipk ergil rpoB thi‘) and CS62.
of 42 11v' 1eu str’ recombfhants obtained from this cross, all had lost
the-. abthYY.O grow on homocystein: supp]emented‘mmma] agar. ~A ‘
transductiﬁxperment was . conducted 1n order to spedify the - map

posit{pn more prec15e1y ‘A P]vw lysatw of CSGZ was used to transduce

CS§92. One hundred ar-g transductants, recovered from th1s cross on'

, minimal agar supplemented w1th meth{omne were scored for their met -

‘)

&

) 'pe. and ‘for the abﬂlty to use ﬁcerol a3, carbon source. (g1pK )
‘ »_gé‘su]ts of th1s transduc&oh.fprﬁnted 1n Table 12 1ndicate that , ,

o " . . s P
CSGQ ‘has 2, me‘tB mutationt In addition, one of the transd’uctants, L

4

R

retained for further&study and designated CSSZ C ?Hfr reZAJ gZpK metB
. matJ thz.), was subsequent]y found to be. res1stant to- eth‘lnmne on -
-. m‘inimal agar supp]emented with homocysteine Thtstre’sunlt suggests that
€s62 also had a- metJ mutat'lon, This obggrvation provides a convement

explWion for the high]* derepressed 1evels of act'lthy observed for

g . Wi

“tr‘biosynthetic ‘enzymes, in.CS62. ‘. a0
‘ . ‘ L' e
iE oo In view of ﬁfact .tha\ CSGZ was 1sb'1atec( as' A Spontaneous e

.

a

"'revertant 1;‘,’s;eenis.?p3ss“ipie' that,the]nie'

,metJ mutations in tms strain’ :
-re‘p"resent a d'eTeti'on for‘thesé two Td A. This hypothes‘is demands tW
TN ¥ T

ﬁhe metB mut.ation should oot ‘Fevert. To test thls predictlon,

=\.,ffﬁc‘ R P At S ;ﬁ“&'

ar- tnduced Tevertants of CSGZ-C wer.e sought A concentratedi

culture (1010 cens/ml) was spread on a m{nimal agar p'late and crysta]s o

. of Z-amanpur{ne, !CR 191 and throsoguanfd‘[ne wer'e placed on the agar.,-rf‘ﬁ_‘ R

. l
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L.
) ' : ”
’ . : : v

This,grocedure nepeated'ly fai]ed to produce any'met revertants This

evidence., lthough suggestive, is not compelHng euidence for a

‘thB-raetJ deletion, Fine structure mapping expef‘lments are required to

,"l

w location in the metJ region, a tran,sductwn was '

;'grbw on honf?oéysteine supplemented
’ '.;frequenCy 1s approximatgly that expected .or"a metJ mutation _ \,

3

-

map of the ‘metJ locus (Ho'lowachuk "]976) might prove useful in this

regard. An alternative- hypothesis s that the metE mutati; n is a{polar

mutation which prevents the synthesis of the methiomne re or :

form the c'losely aned metJ gene In th'ls eventa the introduction 3

of a po]arity suppressor 1nto C562 shpuw r:eSult 'In the d1sappeareu§e

T

P ,-;3._-~ Gf% . ,Qtt ..

vof one‘ of thé two phbptypes »‘f e .;_{(.:37: e B . ',

“The only unc]assified rev%rtaat €s68 " thr ;qu arfy z¢c
LA
metG46 hig rspL :cyl mtz bhz.) was iso]ated from the parenﬁta] strain

R

‘with homoserine, cystathionme; or "homocy @) i’ ;»but not on mnimal
Sk, w5 1 et

_ ﬂag'a Enzyme assays perférmed 'on extracts of tmé strain?suggest tha‘t

it is not: derepressed for the »synthesis of the methwmne bwosynthetic

'f‘enzymes in general (Table H)

}'he mutation responsib]e for this phenotype was f1rst
locaHzed by a conJuga'I cross bety.ggn,ufr C592 and CSG& Of 50 leu

R - homocysteine supplemented mmimal agar | Since thgs result suggested a.

'rformed in whlch-a

pT lysate“'of 0568 was used to transcsuce CSG3 (F Zeu ara Zac metG46'

rsbl}g:y‘l @{é} m-gﬁ.' th‘b) Df 90 'a g%

& LA (i

‘0

o)
[

0

J\

~

' agar This cotransdt:ction f"

.. provide unequivocal ev1dence 3r a deletion Theyrecent fine structu E

¢

v&,_, : , . L '
R ’CS?J ;Thjs- exception'a}..re ot grows onflmin‘lma] agqn Supplemented e

4

"str recombinants, 10 were g]pK and were no longer ab-,e to Qrow on 'e. _
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e A further' charactem zation of th\s mutant wa,s not attempted

E It was a1qo observed that this mueant lys become phenotyp1 cal'ly

the ¥, Since 1t is d1f§3cult to reconcﬂe ttns observation with other
h A ‘
‘aspécts of . the phenotype apf’ thrs str'am, .no hypothesi,s 1s proffered :
3 to account for ‘the sup‘pressmn of‘“tr;e me*t@#b‘ mu.tat‘lon -
. ) a, . & “ J J,’ f nw

: -



@, Table 11

'.‘k' . H ,
_ Enzyme assays for two unusual revertants.” v
. | .

.»’" ) ) ) w . K, v . N

_Strain. - Relative specific activity’
oL B-cystathionase cyslathionine- . ATP:methionine |
[¢. ’_ SRR ' {?g;hthetase 'rS-adenQSy1ttansferqse. . .
| 7(@et0) ©. v (metB) o (metk)

Sy o
3.29

om0
cse2 o 12.22

.CS68 . 0.45 S 100 -
Sy e -_“ %g;: o ' -;A_.' - .'.;4;1i‘,;71:

| .a The enzyme activitles of- the revertant strains are ex,)ressed ,
_,relatwe to ‘the spec1ﬁo qgtinty of the wﬂd type stram (ABfH]),' L
- which 'is taken is 1.0 in each case. .The- actua] spec1fic act1v1t1es.
C were: (1) 8-cystatﬁﬁonase, 0 M5 ({4) cystathaonine—Y synthetase,‘I:j‘ p
"0‘1’2 (1i1) ATP: methwnine 5- qgenosy%«nsferase, 9.08. o

units of activity are itscribedwhder "%eria'ls and Methods" ‘



.. Tabte 12
- - -
A transduction.eXperiment demonstratihgfl kage between argH and a

mutation responsible for hbmocySteine~au'_ rophy 1n CSGZ

. A

-

. ‘ . , ' Lo ..

~Selected phenotype -neéombinantkphenotype nuriber of recnmbinaﬁts

cooanght o qpkgett s
) , “ o o g]pk?rnet;'v T T |
et ety

v ..

The~dohar 1n th1s cross ﬁas CSGZ and the rec1p1ent was Hfr CSQZ (gZpK

. . Y
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DISCUSSION w

"

*I

' Sxx new methwny] -tRNA synthetase (metG) mutants have been

1so]ated and part1a11y charactenzed These mutants are simﬂar to
L

| the metG rnutants prekusly descmbed (CaTendar and L1ndah1 1969

' BTugentha‘] 1972 Armstrong and. Fa1rf1e1d 1975) in that they requ'ire

exogenous methwmne for growth The methwmne reqmrement of these N

mutants appears. to: be due to an 1ncrease in the KmMet of the methfonine

kD)

"actwatmn reactlon catalyzed by meth1ony1 tRNA synthetase (Ahmed, 1973)

At- 'Ieast two, and poss1b1y four, non- 1dent1ca1 aHe]es can be d1st1ngu1- o

‘shed among the six mutants on the bas1s of’ d1 ffereqces in the KmMet 9 -

The I<mATp for one of these mutan}ms al’-sog‘

"be essent»ally unaffected b_y the .

med .end was found to

, 3 EI g
reTat1ve 1ndependence of . the meth1 ' ine b1nd1ng s1te "fr'omythe ATP ' _" ‘
.binding s1tes of the enzyme. and is consistent wiﬁl b1ochem1 cal analysis

" of the wild type enzyme by Fayat and Waller (1974) A prev1ous ana'lys1s
of a similar metG’ mutant r‘evealed no alteration in the Km for tRNAM.et_

‘ .
of the meta.;nutatwns are- recesswe to the metG gene '.;,.'-‘,_

. N

_‘(T ‘Clandini cited in Anmed, 1973) o
[w RBRA IR R
) i}

\wh1 ch 1s present on the FIUB or F1829 p1asm1’ds but: not On the F196 or e
FTQZZ plasmids These observatwns suggest a locatwn fon the mei:G i
: ‘Ioeus 1n;the hag,gaE 1nterva1 of the chrpmosome The results of-a
:transductwn experfmen Jn wh1ch severa] lec1 in” tfns region were
_cotransduced with’ metc-',“are cons1stent wi th tt;e’.phoposed ‘location. o
- In additwn the prekus mappmg expenment's by Ahme,d (]973) are ‘
","_consistent mth th1s location The proPosed location in- the Lal «
',;:cl uster of fZa genes varies by several mnutes from ."-f i IR



~ the 1ocation suggested in the recent analge map of Bachmann et al.
(1976) The map posit1on suggested by Bachhann et at. is derived from
the data of Bl umentha] (1972) in which the map position of metG S ».’-,

ap;&ars to have been asstmed rather than demonstrated by any mapping

-

,exper'lments ‘

! A prev1ous ana1ys1s of several met reVértants of a metG |

ey

'mutant 6f’E coli revealed a class of reVertants in wh?ch no. satisfac-‘ '
\-q‘

3 tory ,mechamsm cou1d be proposed to»ac.count for’ tﬁ'& rest%rat‘ion of

. . y
v methiomne 1ndependance (Ahmed 1973) In s:ontrast«t the resu'lts of

_a s1m11a~r study 1n SaZmoneZZa (Chater et al.s ]97‘

N

)

' ants a Uotaﬂed ana]ys1s of the reversion pattern of 6ne of the new1y |
1so]ated metG m‘&ants (metG46‘) was undertaken o J; B 'f.
Forty spontaneous Fevertants‘ of a straln harﬁormgﬁmetos!s
mutat'lon were obtamed as mutants whu:h no 1onger reﬁﬁ red exogenous
B methionine for growth The‘ *o{;; of these forty revertants from among
the severa]. thousand wh1ch were 1so]ated was ma@ﬂ*‘sueh a way thatt
methwmne excret1ng metK mutants were discr1minated aga‘ins’é I,n o

K add1 tton, an unsuccesfu]' attempt to recover -a revertant 1n which an

amber mutat1on Was: reSpoﬁsﬂﬂe for ‘the met phéhotypg, effect'lve1y
resulted in the se]ectwn of revertants whlch grow poorly on 1actose
mmmal agar The procedure by whrch revertants were selected for

", afurther study was therefore btased, so the ana]ysis may not accurately

!.u

" reﬂect’« the relatwe frequency wi th which vanous c]asses of revertants

ar1se. _'t';tijt"T__ s,



. The revertants . obtained in this manner were first ‘character-
ized on the basis of a. repre551b1e versus a non- repreSSibie phenotype |
with respect to the ieveis of one or more. methionine biosynthetic

- enzymes " AN of the members of the non repress1b‘le category (cZaas—J)'

h
were characteri zed aS' metJ mutants by the demonstration that these

-

trains have a mutation which 1s 1ocated close to the ‘metB 1ocus and -
"which. when transduced 1nto an othermse ethiomne senswwe strain, .
conf'érred an ethiomne resistant phenotype -The met phenotype of the E K

- oZaes 2 revertarfts is therefore ascribed to a metJ-mediated 1ncrease ;;-"-
g Ne

in the synthes‘is of the methionine biosynthetic enzymes o, The increased

; ‘synthesis of the biosynthetic enzymes resul ts in an increase in the "’

biosynthetic enz.ymes.'-.'?']‘hese mutants presumab'ly cort‘esp,ond to the \
f

unexpiained“ reverta;}t c]éss noted by Ahmed in that, when extracts o

: “these mutants wereb,prepared aceord’in.g to the procedure described most
of these revertonts showed very 1ow ievéls of synthetase activity. 1
was subsequent'ly observed that the 1ow ‘Ievei !)f, methiony]-tRNA |

synthetase arcti Vity w these revertant strains was due to the inactiva-- B

N

tion of the mutant synthetase during jiaiys*;s or desai ting on Sephadexv " j'{f;:‘- ‘

Sinﬂar instabihty of mutant synt"et "ha; b@en noted previously

1972), §




oy,

f‘

Chor Although glycerqr is dufinely used to Stabﬂ* ze ’"a"y of the: -
.f-'f_ aminoacyI ERNA synthetases, it has %0 effect on. the St“bmty °f the.
wﬂd type methionyl tRNA synthetase Howevera when extracts of the

"';?claae 2"reverta~nts are prepared in the presence of' 10% glycerol t:he
synthetase acti\f‘ity 15 not 1ost during dia]ys1s quer these cond1 tions

all ofithe cZass—B ?‘evertants show a parmal or complete restorat‘ion of

: '3“50, a'lL of the clasa-g revertants -f-:. '- " -
5

ubstantia] decrease in Ithe KmMet far the metm Onine act{vati or\’
'en extracts are pre&re! in: tbebpresence 'of g1

lr"

Property corredponds vn th ttwm mw phenotype 1n that fhese strai n, et
are "‘Et at 30 37 b"t mét a’t temperatures above 37 . e

The mutat}on | ppears to be c1ose1y aned to the hu-o’peron and c]ose



. L - - "’. “ ', . .l o A T ‘. . A"“ - ) ) , " X o \ -
l

, i I R - ,
2 11nkage to the me G 1OCus is therefore inferred Because of technica1 U

d1ff1cu1ties it has not been puSs1b1e to define the exact map location

R
’ \

o? the rever51on mutation.,f"u7=33* ' v e
‘ TWo othe& revertants whwch were ab1e to grow on methionine
. ‘(’"
*' tntermeqiates were also 1$glated and partiaTIy character1zed One of
¥

these unusua1 revertants exhibits the characterﬁst1cs Of a double

" mUthio?al event A .
ﬂvdelet1oﬁ extendi"’ 'om the metB gene 1nto tﬁe c1ose1y T1nked\metJ genefvﬁ[

could accaun:;forﬁthis effech Since thé m@tﬁ mutation does not revért




mu:;tion (threonine requirement) of this!straln is also suppressed in
\this revertant This revertant remains unexplalned, é
Dur1ng the course of mapping experiments 1nvolv1ng the
elase~2.3 revertants two widely separated loci were found to be
involved in the ma1ntenance of the met’ phenotype of these stralns
One of these loci, subsequently identified as the site of the reversion
mutation, is closely linked to' the hw'-operon and iws believed to be
within the me tG gene The other locus is cl?sely 1inked to the argA
gene. When argA is the selected marker in a cross in which a strain
‘with the relAl mutation serves as the donor, met” recombinants of the
.l~Za88-2 T revertants are recovered at a hﬂgh frequency. _In_contrast,
‘when an o*herwise 1sogen1c rel strain is used as the donor, met'
yrecomb1nants are not recovered This result.was interpreted to mean
that the introduction of the reZAl”mutation into these strains was
respons1ble for the met phenotype The results of ;'transduction
cross conf1rmed that the: mutation respons1ble for the: met phenotype
was 1dent1cal with ‘the reZAl mutation In particular a transductlonal.
~cross in wh1ch a rel” stra1n was used ag a’ donor and a met’ re1*
‘”‘\gZass 2.3 revertant was used as. the reclp1ent, produced only met reT
and met. rel” transductants. |
’ S1nce the KmMet of the meth1onine act1vat10n reaction
’fcatalyzed by extracts of ola88-2 3 revertants is not affected by the
allel1c condition of the reZA locus, 1t was concluded that the
rez\dependent met phenotype ‘was' not- due to an alteration ‘of the
synthetase funct1on In view of the well—establ1shed 1nvolvement of the

reZA locus in the regulat1on oferNA synthesis (Lazzarini - and Dahlberg,

197) and tRNA synthesis (Ikemura and Dahlberg, 1973), it was

‘' e . »

\
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postulated that the rel-dependent methfonine requirement also
repreSentsja regulatory phenomenon. Within this‘context-it'uas

considered possible that the. synthesis of either methionyl-tRNA

synthetase and/or the methionine biosynthetic enzymes were under a form -

of regulatory control involving the reia locus. This as exanﬁned by
ﬁyms in several

observwng the rate and degree of synthesis of these
‘ pairs of strains under conditions in which partial expreSSion of the ,-J

stringent response was inducedey linnting the availability of methion-

ine . It was observed that under conditions in which the:fndoge"Oﬂs "“s

methionine concentration was low, the relAJ mutation had no p onounced

effect on the level of wild type methiony1- éhNA symt
It therefore appears that the regulation of the synthetase is‘not
-affected by the allelic condi tion of thei rel4 lpcus It should be :
noted however that the synthetases are 1n general subJect to rapid
inactivation under conditions which limit the supply ‘of the cognate
aminoacyl -tRNA (Williams and Neidhardt l969) Thi§\fact has thwarted

several prev1ous attempts to study the regulation of the synthetages _h

and has resulted in the develOpment of spec1a1 techniques, not employed
“in this. study, which partially ameliorate these difficulties. The

conclusion from such studies has generally been that the synthetases

' are\under a repre551on like mechanism of regulation 1n which the charged

cognate tRNA acts as the repressor or .corepressor.. Since these N

: expeniments have consistently ignored the ral phenotype, they hﬁght be

con51dered suspect since the presence of a large proportion of
"uncharged tRNA will ‘ina rel? strain, be accompanied by a high Tevel

- of ppGp production Therefore, the increased synthesis ‘of anﬁnoacyl-.
AtRNA syShhetase observed in these experiments could conceivably be due .

S S , , _

w

¥
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to the stimu]ation of transcription by ppGpp or some derivative thereof

N In COntrast to the negative results obtained for the methionyl-

- tRNA synthetase, it was observed that the synthesis of the methionlne
:ifbiosynthet1c enzymes is dramatically affected by the al]elic condition"'x
of the relA gene. Under conditions of methionine iimitation, the rate
of synthe51s of two of the biosynthetic enzymes was observed to be murh
| higher in a re1’ strain than in a re1 strain i\ addition, the
synthesis - of. one of the enzymes 1nvo1ved-in meth nine utilization
" (ATP: methionine S—adenosyltransferase) was affected in a simiiar manner
The 1ncreased rate of . synthesis of these enzymes in a rel strain '

<

appears to be due to a mechanism which is distinctffrom the met{-media- .
. .
ted repression reguiation of these enzymes. This is inferred from the -
results of several experiments in which non repressible strains uere
'used ‘Under these conditions a rel ‘straiﬁ%showed no increase in the
rate of synthesis of the biosynthetic enzymes foiiowing methionine
11m1tation, wheras an othepW1se 1sogenic rel strain showed a dramatic

'

~increase in the rate of sy?thesis of these enzymes. Furthermore, evenrl

under conditionssin which methionine was. present ih the growth’ ledium |

at high concentrations (lmM), the level of B cystathionase (metc) was

at a substantialiy higher Tevel in a repressible rel strain than in

c;an otherwise 1sogen1c rel strai‘ This resuit Suggests that the

product of the ret4 gene is able to stimulate synthesis of the .

biosyhthet\c\enzymes even under conditions 1n which repression of these |

~genes_is in effect . . | ; A'v ’ '. |
These observations are suberficia]ly similar to. the in vivo

,results of Stephpns etaaz (1975) who reported that under comparab1e '\

conditions, the rate of synthesis of the histidine biosynthetic enzymes' i

PN 2
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of Salmonella is at a substantially highemlevel in a rel strain than
in a rel” strain They also presented evidence that iH an in intro v
','transcription-systenr. pp&pp (guanes&nej diphosphate 3 -diphosphate)
provokes a speci fic increase in the rate pf transcriptign of hu—operon
DNA. Since ppGpp has beén shown to be the. primary product &of the rau
) ene (Sy and Lipmann. 197’3, Haseltine and ﬁock, l973), these observat- “
| iens provide a. convincing cause and effect relationship bebdeen the |
:al lelic condition of the relA gene and the rate of Synthesis qf’the N -
histi dine biosyntheti ¢ enzynies These results also lend credence to .
the previous report by ReineSS ot al. (l975) that in an in mtro ‘
.transcription system,, ppGpp inhibits the transcription of rRNA but
st&mulates the transcription of trp-operon DNA. Therefore, it appears
that ppGp? is. in some way reSponsible for both the irihibition of rRNA .

synthesis and the stimulation of transcription of the amino acid

. (1, ea, histidine and tryptophan) biosynthetic. enzymes in a relt strain _'].f S ‘

) following ammo acid limitation The precise mechanism by which ppGpp \
mediates these effects is unknown, but it has been suggested bys .
: .Reiness et aZ (1975) that ppGpp may interact with Rﬁ polymerase in

. 'such a way that difﬁerent classes of promoters are recogni zed with

Q
o

f, ,. dit?ferent efficencies. L cs B '. SRR
e From resul ts presented here, and by analogy with the results
i of Stephens et al (l97S), it seems apparent that. the synthesis of the . |
_methionine- biosynthe,tw enzymes is under two complementary fonls of '
| ,regulatory controls One level of control is pathway specific and -
| presunably responds to the absolute concentration of methionine in the |
' cell Regulation at this level is mediated by the metJ repressor, S
. which in the presence of a wild type metx gene. regulates the synthesis"



 J - RN
/" . ‘ l

. . } . i ; |
of the biosynthetit enzymes in a negative manner_ (Ahmed. 1973, Sl
'Hoiowachuk 1976) Th@ roieaof the metK gene ia thlf rEpression B
7fi,mechanism is poorly undErstood but may ref]ett the invo]vement of ‘., ;

Mechanism_1s _POorly. un R o
;S-adenoSyimethionine as a corepressor (Hobson 1974' Morowitz.'1975)

. In addition to- this pathway specific form of negativé

controi it’ippears that methionine biosynthesis may also be subject to
| 3;a generai form of positive contro] This reguiatory System requires '
n'the presence of a fun%tionui reZA gene The protein specified by this :
-‘gene recoghizes an inadequate suppiy of any amino acid at the ievel of
»trans]ation. and responds by producing a non-specific signai { or aiar--f
| .rmone. Stephens et at., 1975) which is presumably ppGpp. It appears
that even under conditions in wh.ch the synthesis of the methionine .ff;
'biosynthetic genes is partiaily repressed. the iﬁarmone can provoke i

, an increase in the rate of transcription of the biosy“hetic genes

Vi;Presumabiy, the degree of stimuiation is contingeht upon the .

j‘.availabiiity, as determined hy the pathway specific regulatory

: mechanism, of a particular gene or operon for transcription. and{?

‘:jthe levei of ppGpp within the celi ‘ In this way the interpction?i%: e
'ly.of this relatﬁvely non- specific signai with the pethwayispecific tf'}f
..‘ﬂfreguiatory mechanism\can.result in a reiativeiy specific form ofzti)ﬁ R
A',Zpositive cbntroi For example, under conﬂitions ih which methionine is
the oniy iimiting amino acid, it will be primarily methionine biosynthe-

R
N

,si.; which is stimuietl!d by the accumdlation of the z-ez—aiarmone D
E..ﬁ%" This forn oﬂd!!ntjol is therefbre anaiogous to the[rgggﬁaw

»

oof the cataboiite seﬁﬁitiVe genes In tﬂ*! system, cAHP ac
I cyclic 3 5 monophophate) serves as the a]armone which signl_

inadequate ievel of giucose. cAMP interacts with CAP (cataboii géne



o ttenu

. ] N ) . . . ‘.l

iactivatdr protein) which binds to DNA at promoter sitesvand stimulates '

o .'transcription of catabolite repressible genes (Zubay et az 1970, Riggs
et aze,- 1971) This relativelvnon—specific signal stimulates the

-synthesis of only those genes which are inducible and therefore results
. ‘in a speci’fic,stimulation of synthesis of ths, gene- products which are
'}\"appropri.ate to: the prevailing environmenta'l conditions (fOr exanple,

&

afvail*ability of ] particular carbon source) ,
' It is apparent that whatever the precise me.hanism by which -

the x»qu gene exerts a stimulatory effect an. amino acid biosynthesis, v
.,_‘it must be a relatively flexible system so that it can interact with
. very divergent forms of pathway specific regulatory systems For ,' -
-‘"_",example, the scattered genes of the methionine biosynthetic pathway EETRE
; ;"are regulated in a negative*mahner by a protein repressor, wheras the
’hwtop ron appears to be regulated in a positive manner by an activator-
. Ztor mechanism involving tRNAms (Artz and Broach, l975) |
| 3"_.t§observation that methionine biosynthesis is subject to contr?ol by the i - \.y
j.'-.'l'-reZA gene supports the suggestion of Stephens et az (1975) that the ) "
*synthésis of all anfno’ acids: 15 unider s form of control The . e
'_advantage of’such a regulatory system is that, in conjunction with th% I.
.'pathway specific regulatoryﬁ} mechanisms, the reZA gehe proyides a
nechanism for cpordinating -the- synthesis of 2 ll am:ino acids uith % o
»f'reSpect to a demand at the level of prqte n- synthesis. _ %‘%5’ -
The observai:ion that the ‘synth;sis of ATP methionine a»adeno’}

"‘stl transferase is- also under positive control by the reZA gene ‘ h aa

‘R
";.'._;‘sug‘gests\ that__‘. "A.-.class of‘enzymes other’ than amino aci d*iiofynthetﬂ:

"‘?"':.enzyms are unchr some foi'm of control by the I’Bu qene It is i °t

4,'.~‘ 3 i Y
Y, B VT ‘h—’ .

Z‘_"-.':umtediately obvious why mtx is under this form of control Sinoer]. j"\_: -



3 methionine biosyntheSis a. specific mechanism can be proposed to account

-

: '”Shw-_q , , :
metK can be considered as.a structurai gene in severaT biosynthetic

fie biosynthesis,

pathways (L €., as an isopropyhlnine donor in poiya'
fiabor—et-az 1961i7~ituseems possib]e that one 0 more of these .
pathways is aiso reguTated by,reZA.

"In view of the~conc1usions regarding the regulati

o for the rez-dependent methionine requireme t of the claes-z 3 revertant 4

Met

These strains have a 20 fold increase in t e Km of the methion m

| activation reaction. It is therefore sugg sted that the de ect in the

| : methionyl EBNA synthetase is so sovere in hese strains

tﬂat'they

o require a: reTativeTy high Tevei of methionine pro.'ction in order to

effect adequate aminoacylation of t:RNA"et This is substantiated by

94

the observation that the rel metG strain CS49 which has a 25-fold in#ff

crease in "?t, requires exogenous methi

specific reguiatory mechanism recognizes nly the absolute methionine

ine at. the Tevei of transiatﬁsn However in the presence of a ;»

functfonal reZA gene, the cé11 resoonds t ﬂa/deficiency of‘mééhionyl-

;RNA"et by stimuiating amdno acid biosynt sis even under conditions

if strains renders the cell insensitive to ‘thi presence of uncharged tRNA

and results in a reduction in the rate bf S nthesis of methionine to
the point that adequate charging is not effe ted by the defective
synthetase._ It shouid,be noted'that this rel dependent ahdno acid

requirement must be at the Tevei of transTatio . That is, a Teaky

auxotrophic mutation wouid not be expected to '

‘;.5541_'] s.vtf?'v-". . oy o\

have invthis mannerf.

nine for growth The pathway ‘

‘1 concentration and therefore dOes not resp nd to the demand for methion—*

of. partial repression. The introxaction of a reZA mutation into these o



r g

- ' . |

since sach a mutation would be expected to lead to derepressfon of
~

the biosynthetic pathway due to-a reduction in the, absolute concentrat-

| ' ' : ’
Tae e Ce e P - ¢ -..",

ion of the amino acid S 'v,»'

-

L The identification -of the strains with a pez .dependent amino
j ac1d requirement provides an in vcvo cpnfirmation of the regulatory'
role of the relA gene in amino acid biosynthesis. In: addition, it is "";/
:«now possible. to recognize the allelic condition of the reld gene by
a nutrit:onal requiremént This should facilitate the genetic analysis
of the compodents of the rez dependent regulatory system The genetic
analysis.can proceed in two ways By using a rel met parental strain,' .
'and selecfing for met revertants, it should be possible to recover new'
f_classes of mutants 1n which methionine biosynthesis is 1ndependent of '
the. reZA gene or’ in which the-10ss or alteration in some other f' -
-function results in a- rel phenocopy For example, in the presence of
| % Teaky reZA mutation (z.e., reld1),’d spoT mutant (Laffler nd Gallant, -
.. 1974) which is defective in the turnover of ppGpp, migh} be e pected to
';igive rise to met reyertants This is. due to the fact that under these',‘
_ conditions pp@gp will accumulate to levels approaching that. observed in
3 a»rel “strain. It also appears that other classes of revertants ill be
'“»obtained A prelim1nary investigation of the feasibility of this‘\

"Vapproach resulted in the recovery of a. class of temperature sensiti\e

mutants in. which the reverSion mutation has not occured inlthe relA
gene or in the metG gene (Appendix’ 1). \ L _
| Alternatively. it should be possible to obtain 51ngle step
| ‘rel” met mutants of a- re1* met class 2 3 strain by forward mutation.
Two classes of mutations are expected in this case, those affecting the'gj

'production of ppGpp. and thGSe which render the transcription apparatus_‘:x



.
s

¢ -
.

.

' 1nsensitive to ppGpp The first class of mutants is expecteqﬁéo include

‘new reld mutants or mutations in ribosoma] genes affecting rel function

' (for ex%aple, the rezc mutants of Parker et al., 1976) Since- the SRR

, ' topography of the ribosome

¢+

_prec1se function of the reZA gene as a component of the transTational

\

apparatus is poor]y understood a temperature sen51tive or amber reld

mutation wou]d be particuiarly interesting New rel mutations in

- ribosomal proteins might prove useful as a means of mapping the

\
« v

,The . other. as yet unidentified class of reZ mutants, is that

in Which the cell does not respond.to the_production of ppGpp. -

Foi]owing the suggestionnby Reiness_et al. (1975)

\xt ppGpp may
interact with'RNA’polxmerase”to modi fy the'recognit n of different
classes of promoters, it may be possible to obtajn itant form of RNA

po1ymerase which is insensﬁtive to ppGpp Such’ a mutan would be »
expected to be a dominant pez mutant with. fespect () RNA 'nthesis, but

rece551ve w1th respect to the regulation ef amino acid bios,

po]ymerase Instead, cAMP 1nteracts with a non-essential protein which y

binds to spec1fic promoter sites and enhances the rate of ranscriptiog

from these promqéers The 1mplication is that one or more p oteins

, 51milar to CAP may exist, whichgdnteract w1th ppGpp to bring bout a

; modification of transcr1ptiona1 speC1f1city Assuming the exastence of

\

o a 51ngle protein w1th this function, a mutation in the correspond?ng

gene should be expressed as a- recessive rel mutation. o ‘ \\‘_

\

96 -
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addition a system has been develpﬁajkgn whichz alle]ic condiﬁipn

of the reZA gene can be recognfied by<%ﬁ amino acid requwrement The

'USe of th1s system should fac1litate the analysis of. the components of

I .

\f

: the rel phéhomenon

©
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CUOMPPENDIX T T

An zncreaeed phoaphate requtrement tn eZass-z.a revertante

", The cZaas 2 3 revertant SU31 (F thr Zeu ara Zaa met648-31

- hts rapL myl mtz tht) has a’ doubling time of approximately 130 nﬁn in

AL broth at 30 Under 1dent1ca1 cohd1tions, the parental strain CSSO

| h'(F thr Zeu ara'proA Zaa aupE gaZ metG46 hze repL zyz mtz thz) has a

‘iadoubling time of on1y 70 min As a result of experiments desighed to

- sod'lum or potassium phosphate Addition of 1% Nae,_
,:fieffectc1s not known

”Serzne eenettzvtty tn SU@J

i u;determine optimal growth cond?%ions for SU31, it was discovered that
“the doublfng time of this strain 55u1d be reduced to 65 min at 30 by

increasing the phOSphate concentration of the medium. A satjsfactory SRR

'_cemedium for the growth of these strains is the LP broth noted in the
" ~'"Mater1als and Methods“‘seotion The form of the phosphate does not
Qseem to be 1mportant since the growth of Su31}1’}1de“tical ;nfeither

the LP broth

‘V_Qdoes not cause any inhibition of growth rate The reasonwfor this

eyt . AN

The growth of the cZasasz 3 revertant strain 5031”15

ft;complete1y 1nh1b1ted by hagh lere4s~of»serdﬂe ------ This-wus;observed hy;5§9£335»~f

0;1p1ate, then placing a crystal of L-serine 1n the center'of the pIate.[df" ‘

:l:°spread1ng 0 1 ml of a saturated L broth culture on.a mdnimaI agar

'ﬂ_ﬁAfter 36 hr of 1ncubation at 30 s. a clear zone of fnhibition was
' :wobserved in the center of the plate Unqer identical condftions,

}Qserwne has.no effect 0n the growth of‘the wild type ancestral strain _f .i_s;;t



::-" ’é‘ AN p : 1.-:_; ;( A '_,'. o a, N
'l ) s b v ]
P ! ,ﬁf SRR TR g o ,10?
B e SRR .
/ ; ', . o . A RN .
l' \ J " . , e ‘
AB]’I‘H (F thr Zetg ara pnoA Zaa eupE ggz hu rspL xy’z

’

a"y *“"“" t°"¥ Effect on the growth of sU31. .
'-,“; This effect may: be related to the observation thd;\serine , jfffiii

‘i'reversesﬁthe trimethoprim 1hduou' stringent response 1n rel strainslpv-i

’.(noted’?n ,Ikemura and Dah]berg, 1973Y fulgﬂ_:”'ﬁef},j"_" {{ N

.t;-iPart‘baZ chmtemaamon of a met revertant of 05130 o ;' :
TWenty Spontaneous met revertants Of the strain CSI3O (F

metG48-31 his relAJ argA rapL the) were se1ected ‘on ]f;ffn:

One of these revertants, tentatively designated

fﬁfcross was performed between Hfr kLIG (reLAz thz) and RV3 Thiﬁtykfive -pﬁs

.Kws"f'(reuz tm) and RV3. An of the 50 his str

:";not occured within the metG

g

7re1y'exploratory, they suggest

“ibie product, is 1nteracting
heyprOduct of the metG
one ribosomhl protein has been



1mp1icated 1n the strfngent response (Parker%ft aZ ’ 1976).
seem; likely that the reversion mutation tn RV3 1s 1n one of

- ribosomal proteins affecting~the function of the relA product

R




S S T N S PR 6 azﬂ u vscomﬁnw
m_.__a san|eA ToUp pue usy oﬁ, ..mvoﬁm: E_u 32..32.. uyp uou:mmfn e acmma oﬁ ..8 m_.o-:v:oo -

m o— X WdY 353.52 ;v »u_oo:; Yl .9::352_..._ ‘SOM _”mu 32uma=m oE. ..m:«Eam o:S..gu.. N
v:u —3:28 B vmnbﬁuu S'uumﬁ :o:oluoc o::.o:nos 05 40 mpopn of:m-..?mmsz*- : szu%Z .

R J

"or OE. O Ol 0. O-:. 0T~ - Of-

o e s |
no _¥0 €0 TO 10 _ 0 . l0- ZO- €0-.

's{‘

17

:nm |o... . . w
==n< Io.. g i

s

~og

- -

11 XN .



el

8

' panuj3uod - 11 XIONIddY..
W [sI/ SRR




S

: T
. .

el
o £

e

TE Sy e T e e

10N3ddY







v

TETLY




it

- éon

-

ENDIX 11

P




