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nBSTRACT
V. TR ‘\ . ‘ g
Two' hundred and f1ve s%ontaneous mutants of Escheptchza coli
-'i A\res1stant to the meth10n1ne ana]ogue fth10n1ne were isolated.: These |
mutants were screened for the pnesence of amber mutatxons by lyso-
gen1zat10n w1th ¢é0psu3 Forty one of the mutants became eth1on1ne- \
sens1t1ve 1n the presence of the amberiuppressor, and. were c]-assjﬁed
- as presumpt1ve amber mutants A . | 5t <
| Transductlon mapp1ng w1th phage Pl revea]ed three dlst1nct
»c1asses among these amber mutants The fwrst class cons1sted of ';;y "
metd) mutants. They were a]l close]y linked. to the metB gene and
dls:Layed s1gn1f1cant]y derepressed levels of s- cystath1onase (5 14
fo]d) and ATP: L-meth1on1ne S~ adenosy1transferase 2 "?fold thus B
| -conf1rm1ng that the'metJ gene product is 1nvo]ved 1n repress1on “of
L meth1on1ne b1osynthes1s Of the ten presumpt1ve amber metJ‘mutants, .
,:three (65a,:89b and 93b) showed w11d’type enzyme leve]s 1n the o |
. .a:presence of the amber\suppressor The ex1stence of these mutants |
-.prov1des c]ear ev1dence that the mebJ gene product 1s a prote1n wh1ch
f: acts to repress meth1on1ne‘b1osynthes1s One of thé”'?tJ amber
'_,mutants (65a) wa's found to- be trans dom1nant 1n the presence of a;;;\#hn
wild type metJ a]]ele, 1nd1cat1ng that the~repressor protein is v
; -'probably o]1gomer1c in structure e \\;; o i ' | '. | ‘

. | The second c]ass 1nc1uded the metK mutants, a]] of wh1ch
vwere cotransduc1b1e w1th the serA 1ocus and showed 1ow ATP L meth1on1ne =
8- adenosyltransferase act1v1ty In most of the metK mutants the p;h

nfreduct1on 1n ATP L meth1on1ne S adenosy]transferase act1v1ty was 7t»h*f"'
S '“_,xff_ ]:IK:

P T ;



. o : ‘ : _ . ’ B
T . ) «- h ‘ .
accompanied by a 2-3 fold increase in the. 1eve]s of e-cystathionase
, . .
'ind1cat1ng that e1ther the metK enzyme 1tse]f or the product of its. \ f
1 PN
engymat1c reaction (u adenosy]meth1on1ne) part1c1pates 1n“meth1on1ne

regulation' Presence oﬁ the amber suppressor restored noriai 1evels |

of ATP L- meth1on1ne S- adenosy]transferase in four of these mutants ;'

The res1dua1 metK enzyme act1v1ty in. two amber mutants vizs, hwtK1152
"and metK1168 1n the absence of the suppressor was on]y 2% or ]ess

‘and yet the1r growth rates appeared to be unaffe;ted Th1s seems

: -~ o
© to suggest that e1ther there is an a]ternate route for the synthes1s

-of S—adenosy]meth1on1ne or that a d1fferent donor is ava11ab1egfor .
. _ B
, methy]at1on - '
To the th1rd class be]onged mutants whose eth1on1ne- SN

'res1§tance did not appear to be d1rect]y related to meth1on1ne h" -
' 1}
-'regu]atlon These mutants did not map at the metd or metK ]oc1 and

_the1r 1evels of B~ cystath1onase and ATP -meth1on1ne S-adenosy]-“

,'transferase were not apprec1ab1} affected The meth1on1ne transport .sit-_

system as we]} as the extent of RNA methylat1on appeared to be norma] 2 i -
TMost probab]y eth1on1ne res1stance 1n these mutants 1s caused by 83
}degradat1on or mod1f1cat10n of the anaTogue rather than by acquos1t10n

] “} of a defect in: regu]at1on’ e

DR f: TJV S f;; : 4’/.Yjﬂ~
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The conceptual framework for studies wn the expressxon of
‘structural genes and the regu]at1on .of th1s expre551on was prov1ded
' by the operon mode]-of Jacob. and‘Monod (1961). The ba51c features . o -
of this model 1nvo]ve the presence of a c]uster of genes contro]11ng ‘
| {re]ated tunct1ons wh1ch -are’ transcr1bed as one polyc1stron1c messenger '

‘RNA and arefregu]a;ed together | The regu]at1on Qf the operon is’
'

| accomp11shed by two e1ements, the first one belﬁg the regulatory L
' 51gna1 (repressor and/or»actlvator) produced by one or more genesv' 1,
‘not necessarlly adJacent to the structura] genes and the second -j
-:2 S1te upon wh1ch the s1gna] acts (the operator) located at the ff-'l
g fbeginn1ng of the operon The aff1n1ty of the repressor or act1vdtpr
_ mo]ecu]e for 1ts operator 51te wou1d be lnf]uenced by the presence

'of either the metabo]1c end product or‘the substrate, thus exp1a1n1ng -

Lg..the we]] recogn1zed phenomenon of genEttc adaptation A
T ThlS mode] was based ma1n1y on the ev1den<;\from

+

| ’studles of - lactose ut111zat1on 1n Eechertehta coZz However,‘tts '

-

. 4 5 . e
L t'broad app]1€i:}11ty (w1th S]lght mod1f1cat1ons) to a: varlety of anabo]1c '

‘ G.,e

’{and catabo1 systems 1n procaryotes has been w1de1y documented

T

] Sy\tems that apparently do nbt conform to the operon mgde] because of
;”: \\Ejack of 11nkage of the functlonally related genes st11] fu]fl]%L;S |

| ’f;maJor cr1ter1um of be1ng regulated together by a common contro]Tﬁng

felement Th1s e]ement must NowW 1nteract with 1ndiv1dda1 recogn1t1on ‘;vtfa
fs1tes (operatOrs) 1ocated adJacent to each structural gene,_and s1nce Yoo

’Tf}: the aff1n1ty of the repressor for these 51tes may not be the same, yfﬂ*"ﬁf';

i
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non-coordinate regu]ation s expected. o J§;~’ N
9] A

4 Ihe study ot‘ regu]amon of gene expresswn‘omgmated and
_fdeveloped with the’ 1so]atlon of . regu]atory utants. It 1s»because of
*theke.mutants that, the {nvo1vement of varipus. contro]11ng e]ements and_

the s1tes of thé1r act1on cou]d be recogn1zed S1nce accord1ng to the - /
: or1g1na1 Jacob Monod model‘the regu]atory e]ements wou]d have no other .
funct1on in the cell, some‘of the regu]atory mutants would not produce-

-an eas11y recogn1zab]e phenotype and therefore- they wou]d be d1ff1cu1t | “,
_to detect A method for the 1dent1f1cat1on and oharacter1zatxon of B

’fregu1atory genes us1ng metabolite ana]ogues was f1rst 1ntroduced by

. Cohen and Jacob in 1959 The mutants of E colz that they 1nvest1gated::"

- weré res1stant to S-methyltryptophan, conta1ned e]evated 1evels of

| tryptephan b1osynthet1c enzymes and mapped outs1de of the tryptophan
‘operon at a 1ocus wh1ch 1s now referred to as the structura] gene for
_ethe tryp ophan repressor (trpR) The same ana]ogue was used by Moyed
,.;(1950) to obta1n d1fferent k1nds of regu]atory mutants wh1ch became
o ;1nsens1t1ve to feedbaﬁk 1nh1b1t1on by tryptophan overproduced the _
’ n metabo11te and mapped in one of the structura] genes. The regulatlon

-

";tof h1st1d1ne b1osynthes1s‘1n Salmonella typhtmurtum was also eluc1dated_l' N

"‘-using var1ous h1st1d1ne ana]og&es Tr1azo]ea1an1ne was used to select(

T of h1st1d1ny1 tRNA

".‘mUtants derepressed for hist1d1ne blosynthes1s wh1ch mapped 1n severa11ﬁtrfx
' 7/10c1, a]] of wh1ch were shown to part1c1pate in format1on or mod1f1cat1on*ilf
7 H1S thus 1mp11cating th1s‘molecule in repression | |
,/?,;;(Roth and Hartman 1965 Roth et/az., 1966) Mutants unaple to ?firy

"'-vout normal regu]atory funct1ons were also 1so]at“&1n the arginine
N N

j"-itdsystem employ1ng the structural ana]ogue canavan1ne wh1ch competes with

BN S - i~
N Y R
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arginine in prOtein‘synthesis (Maas, léﬁlT "TheSe mutants were shown
o’have eTevated levéels of argln1ne blosynthetlc enzymes and to be
1nsen51t1ve to both argln1ne and’ canavanlne repre551on These are Just
- a few exampTes of the exten51ve use of anaTogues -in the 1nvestigation_4
_ of the genet1c and b1ochem1ca1 mechan1sms of reguTat1on A comprehensive‘
review of th1s subJect can be found 1n an art1cTe by Umbarger (1971).

The reguTat1on of metb10n1ne b1osynthes1s has aTso been
1nvest1gated w1th the aid of anaTogue “resistant mutants S1nce f
methionlne is 1nvoTved in severaT different metab011c activ1t1es such
as the~1n1t1at1on and assembTy of prote1ns, as donor of the propyTamine
mo1ety 1n poTyam}ne b1osynthes1s, and.as the pr1n01pa1 methyT donor
v1a S—adenosy]meth1on1ne, the reguTatory mechan1sm for 1ts b1osynthes1s :
woqu be expected to be more’ compTex ‘than that for other am1no acids |
A deta1]ed rev1ew of the genet1c and b1ochem1ca1 aspects of meth1on1ne
b1osynthes1s has been puleshed by Sm1th (1971). 'The essent1a1 features -

- of this, b1osynthe51s are’ outTaned below - ,vf. = "’ o 5;_'

| ( STX structural genes part1c1pate 1n the convers1on of homo- :ef;:h

: },-,ser1ne to meth1on1ne (F1g 1) These are: cTustered in nenccont1guous seg—"
,;/~;Aments on the ES coZt chromosome (F1g 2), metA and metﬁ‘he1ng Tocated

hfrfat 79 5 m1n metB and metF at 78 m1n, metC at 55 5 m1n, and metE at

._\» .

"”;; 75 5 m1n ff{'l. f.s’ffb ..p ‘{'f#

2
i

The first spec1f1c precursor of meth1on1ne, 0 succiny]homoser1ne,-
l"5ls formed from succ1nyT CoA and homoser1ne by the en;yme 0 succ1ny1-,v~f" }
homoser1ne synthetase (metA) The next enzyMe, Cystath1on1ne-y- -;-;’ il_h»:

Q

” f,synthetaSQ/ metB) catalyzes the replacement of succ1ny1_\jlﬁp by cxxte1ne -

1 1 to g1ve cystath1on1ne Pur1f1ed metB enzyme has been found to cons1st

R N >~‘:..
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¥
of four identical subunits each w1th a'molecular we1ght of 40, OOO
Cystath1on1ne is then hydro]yzed to‘h mocyste1ne by the metC enzyme,
. B- Cystath1onase The methy] group donors for the methy]at1on of
_ homocyste1ne to meth1on1ne are synthes1zed by the enzyme 5, 10 methyTene-:.
tetrahydrofolate reductase (meqF),aand the actual méthyﬁat1on of‘homo- -
cyste1ne is carr1ed out by elther the v1tam1n {2 il dependent trans- o

methylase (metE) or the B;z-dependent enzyme (metH)

Once meth1on1ne is formed in the ce]] 1t WTii serve elther

w0 in. prote1n synthesfs or in the sgnthes1s of S~ adenosy]meth1on1ne (SAM)

'The*@nzyme whlch am1noacy1ates the two species of tRNA 7i meth1ony1-
"tRNA synthetase, is coded by thebmetG gene The formatxon of g- adenosyl-,
methlon1ne from meth1on1ne and ATP is catalyzed by ATP L methlonlne i
'S-adenosyltransferase (also referred to as the metK enzyme) The
funcf1on and propert1es of th1s enzyme are descrlbed in rev1ew art1c1es
by Lombard1n1 and Ta]alay (1971) and by ‘Mudd (1972) The adenosylj; -
transferase -from E. cozt cannot utlllze the meth10n1ne iiﬁlogue, -
. eth1on1ne as a substrate un]1ke the yeast and‘rat 11ver enzymes
.The pr1nc1pa1 metabollc funct1ons of S-adenosy1meth1on1ne are part1c1-
pat1on 1n po]yam1ne b1osynthes1s (Tabor et. al. y 19&?) v1a decarboxylated
SAM, and 1n various transmethy]atlon react1ons (Canton1, 1965) |

| As in many other blosynthet1c pathways, synthes1s ofa . *fj * e
-methﬁon1ne b1osynthet1c enzymes is reppﬁssed by the add1t10n of the |

“end product of the pathway Th1s repress1on has been shown to be non-
/

' _-coord1nate 1n both s typhtmurtum (Lawrence et aZ., 1968) and E coZt

5A(Ho110way et al., 1970) The regu]atton of meth1o\:ne enzyme 1evels was .

':flrst 1nvest1gated in s. typhtmurtum by Laernce et aZ ,(1953)~' Three Tp.ls;‘

\

-

e h



lgenes (metI, metJd, and metk) wererfound to be altered in mutants resis-

tant to the methionine analogues ethionind, a-methylmethionine,;and

norleucine. E o .

, The metI mutants wh1ch were re 1sta t to a-methy1meth1on1ne
-and ethion1ne were found to map within the metA gene coding for the
ftrst b]osynthetTc*enzyme. It has_been demonstrated by Lee et az, .
(1966) that the métA enzyme is subject to strong cooperative feedback
;1nh1b1t1on by meth1on1ne and 5- adenosy]meth1on1ne Thus 1t appeared
that the metI mutants were feedback- 1nsens1t1ve and since no ébmp}e///
mentat1on between them was observed (Sm1th 1971), 1t was concTuded
,that the enzyme must cons1st of one po]ypept1de cha1n w1th regions
determ1n1ng the cata1yt1§ properties and reg1ons involved 1n regu]at1on
Al1 of. the .metI mutants examlned excreted meth1on1ne but had norma]
-]evels of the b1osynthet1c enzymes and were subaect to repress1on by
vmeth1on1ne e | o . |

The metJ'mut;ﬁts were res1stant to 1nh1b1t10n by eth1on1ne

and mapped c]ose to the metB 1ocus fhey were shown to exh1b1t con-

st1tut1ve or dedépressed synthe51s of\all the meth10n1ne b1osynthet1c

enzymes and of the metK enzyme Further stud1es (Su and Greene, 1971, ;

. :Chater, 1970) “of the nature of the -metd mutat1ons proved that this gene

'exerts 1ts effect v1a a d1ffus1b1e product 51noe part1a1 d1plo1ds hetero- ;.

:zygous for the metJ al]e]e were found to be repress1b1e by meth1on1ne

4._-M1nson and Sm1th (1972) obta1ned metJ mutants in SblmoneZZa wh1ch were sz" -

: suppress1b1e by amber suppressor, thus suggestdng that the metJ gene f
f codes for a. prpte1n However, the1r on]y cr1ter1um for suppress1on was

- - the phenotype on med1um conta1n1ng ethaon1ne and no enzyme act1v1t1es

«?



were reported. The metJ‘mutat1on shas been found not to have.ipy s1gn1-A
f1cant e??ect on the synthes1s or modification of tRNAMet (Ahmed, 1973);
however, the free amino ac1d pool appeared to be affected (C]and1n1n andhh

| Ahmed, 1973) - For 1nstance, in some stralns the level of threon1ne ‘and
e

Ah1st7d1ne was increased tenfo]d as compared to the wild type

~ The th1rdid1st1nct c1a§s of‘regu}atorylmutants,-metK, was
resistant to ethionine, a-methylmethionine*and norieucine - These ~
mutants were shown to be defect1ve in the S- adenosy]transferase (Hohson ‘

and Sm1th 1973 Greene et al., 1970) Some of these strains had
/—'\/

- derepressed Aevels. oﬁqmeth1on1ne enzymes and excreted.meth1on1ne others .
- wele non excretors and repre551b1e by meth1on1ne The non excretors

PPN

.'produced metK enzyme wlth an 1ncreased xm for meth1on1ne whereas the
E excretors most probab]y produced an ent1re1y defect1ve enzyme s1nce .“f;-
formatton of SAM was undetectab]e | One of the e;cret1ng metk mutants : .
was found to have unusua] character1st1cs (Hobson, 1974) in that 1t had < 1;
'fgnorma1 1eve15 of S~ adenosy]transferase act1v1ty and comp]emented a |
_number of other metK mutants o " e ' ;_ ‘-f"f |
In v1ew of these f1nd1ngs 1t appears that the metJ gene codes o
:for a regu1atory element (most 11ke1y a repressor prote1n) capab]e of
recognlzyng operator sequences 11nked to the structura] genes for B
"meth1on1ne b1osynthes1s The nature of the corepressor 1s Stl]T poor]y
l,understood but the ev1dence seems to 1ndicate that e1ther the product of .

.the metK gene (SAM) or the metK enzyme itseff 1s 1nvo]ved 1n repress1on

'However, 51nce bacter1a1 cel]s are 1mpermeab1e to SAM, 1t 1s not poss1ble :1"

{‘rp' to- obta1n d1rect ev1dence. A}so, the role of meth1on1ne in repressioﬁ and

- ~ the nature of 1ts 1nteract1on w1th the aporepressor remalns unreso]ved

- f\\': RO
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“caus1ng accumu1at1on of the metabol1te,;(3) altered meth1onyl tRNA

B Consequently, it appeared desitab]e to re-examine the nature

of meth1on1ne regu]atory mutants with the hope that they may po1nt to o

‘!
:
new, unrecogn1zed genetic e]ements and revea] b10chem1ca1 1nteract1ons

not yet detected For th1s purpose amber mutants re51stant to the

\ methaon1ne ana]ogue, eth1on1ne were 1so1ated and stud1ed Eth1on1ne
2 ’

'causes growth 1nh1b1t1on probably because it 1s 1ncorporated 1nto ‘

.

prote1ns 1nstead of methionine (Sp1zek and Janecek 1969) Theoret1¥'

3
o cal]ihd1fferent k1nds of mutat1ons could confer eth1on1ne qes1stance,_

¢

su h as'(l) a]tered regu]atory e]ements resu1t1ng 1n 1ncreased 1nterna1

: pooTs_ ‘ eth10n1ne effect1ve]y compet1ng w1th the ana]ogue,‘-li' =

«.(Zd‘muta41on ]ead1ng to b]ockage in meth1on1ne ut1]12at1on thus .

-synthetase or. @RNA 1ncapab1e of recogn1z1ng eth1on1ne, (4) defectlve

| -uptake system, and (5) eff1c1ent degradat1on of the ana]ogue. S1nce '
' ;on]y amber mutants were se]eg@ed they must have ar1sen 1nrgehes whose -_f! .

o funct1ons were d1spensab]e and wh?:hstoded for prote1n products A]so, f,‘_ »

\,"

71f any of these genes were 10cated w1th1n an ooeron or operons, po]ar j*\b
effects wou]d have been detectab]e Espec1a1‘y lmportant was the b1o- .”:),“'

-'chem1cal 1nvest1gat1on of amber metJ mutants s1nce those reported 1n

S&?monella were character1zed on the basis of eth1on1ne phenotype only, AN

'”;thus g1v1ng r1se tOgspeculations concern1ng the nature of the metJ gene ~ﬂ_]'

“-,i.product Neverthe]ess even the ex1stence of amber metJ mutants would d_-j7'

»'not be suff1c1ent to 1mp11cate the metg product as. the repressor prote1n

. is1nce the gene product may cata]yze the synthes1s\of an active repressor. ‘.f;f

"‘ffThe 1so]at1on of amber metJ mutants, however, may a1d 1n the eventua]

l':‘pur1f1cat1on of the proteln for use 1n an tn vztro system to study

o .o




' regu]ation-' Only then could suff1c1ent ev1dence be prov1ded to .

eluc1date the exact nature pf the corepressor( ) and its 1nteract1on |

with the repressor R V'A' S A'-;"-f_ - k' ..
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MATERIALS AND METHQDS N

: Bactertal and phage strazns

A 11st of the stra1ns used 1s g1ven 1n Tab1e 1 A]] strains -
were der1ved from E. COZt K12 Plvtr, the generallzed transduc ng |

v

phage, was obta1ned from Dr A.- Ahmed S co]lect1on Phage ¢80ps'3 3u3 h
. ",nJ

' _used for test1ng of amber suppress1on, was supp11ed by Dr N F'ank11n
T Medla v | |

A_ The m1n1ma1 med1um used was that of Dav1s and Mlng1o11 as
Vrdescrlbed by Roth (1970) Requ1red am1no ac1ds were supplemented at a
'concentrat1on of 20 ma/1 and th1am1ne HC] at a concentrat1on of 10 mg/]

L broth was used as the comp]ete med1um

; ;_'LIeoZattan of ethtonzne-reszstant mutants

NR274 was used as. the parental stra1n for tfolatlon of

'ethlon1ne res1stant mutants of the 1 100 serIes Sing]e colon1es were

B _Jgrown to. saturat1on 1n L broth and then 0 01 0 02 m1 of the culfure was

n'spread w1th 0.1 m1 p1pette on a 1/8 sector of a g]ucose m1n1ma1 p]ate

.:“:supp1ementqd w1th tryptophan and conta1ning 3 g/1 of DL-eth1on1ne ~In ”

| f”“f'this way eidht d1fferent cu]tures cou]d be. spread on one plate Plates 7~? .

:vwere 1ncubated at 37° for 48 hrs, after wh1ch time a few s1ngle co]on1es

4

7appeared alo"g each streak TWO 51"91e colon1es were p1cked from each*}'y7 L

‘] culture (or sector of a pLate) and taken through two s1ngle colony

- 1"pur1ficat1ons ‘on- the same med1um Stocks of these mutants were ma1n-~au

'VQ[J;ta1ned on m1n1ma1 med1um w1th and w1thout eth1on1ne It was observed

_1?::11‘ | f.fie S
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" that mutants kept on L broth p]ates for few generat1ons dgE%ed to lose.

- the1r ethlon1n! res1stant phenotype o ‘\‘_

Ethlon1ne reS1stant mutants of the 1016 1174 . ser1es were -

o 511561ated\from strain CSHa. Essent1a]]y the same method was used as that

Hemp]oyed 1n 1so]ating the mutants of the 1- 100 ser1es except that 0. l ml :.;;}

.,of each overn1ght cu]ture was, spread on: one plate contawnkng~h'g/1 of

- DL ethlonwne P]ates were 1ncubated at 30° for 48 72 hrs and one’

' .t~colony from each p]ate was taken for further pur1f1cat1on

Each of the ethﬁ 1ne“res1st3ht mutants came from a separate 8

Lo

overnlght cu]ture to ensure that each represented an 1ndependent

: mutat1ona1 event

| 5Sbreentng procedﬂre to tdenttfy amber mutants e'/-" L

Phage ¢80peu3 was used 1n’screen1ng for amber eth1on1ne— T
resistant mutants Th1s phage carr1es suppressor tRNA}yr wh1ch |
N efﬁc1ergt1 y suppresses the lac and trp amber mutatlons in NR274 and csn4

“‘:Tiwx A 1ysate of th1s phage was spread on glucose m1nima1 p]ates

"7(1ack1?g tryptophan) wh1ch were then streaked w1th the eth10nane res1stant»lt;

/.

- mutants and 1ncubated at 30° for 24 36 hrs If 1ysogenization had ;gf~5'*7“"

uf%/ e
occurred a th1ck growth on each streak was 1sib1e Fa1nt growth usua11ydi;

i;1nd1cated Iack of 1ysogen1zat1on and was probab]y due to the broth 1n f”..£'

'”_lwh1ch phage was suspended Each ]ysogen was pur1f1ed’on mih1ma1/g]ucose

ij;fplates and then tested for growth on 1actose minlmal medium The mutants iffﬁ;

iI,jwhich s1mu1taneous]y acqu1red Iac trp phenotype were considered tp be

"_1ysogen1c for ¢80psu3 Next they were tested for ethionine 1nhibit1on

'7iff5h m1n1ma1 g]ucose p]ates conta1n1ng DL ethion1ne at 3 g/l (NR274 mutants.?j}i{

G



: incubated at 37? or 7 g/1 (CSH4 mutants, 1ncubated at 30°) GrOWth'was

&Ascored after 48 hrs of 1ncubat10n o é/t' .
| | If the mutati?n Teaﬂing to ethionine re51stance Was of the
amber type, presence of am. amber suppressor wou1d be expected to -chan e,
ﬁ'the phenotype from eth1on1ne T, 1stance to sen51t1v1ty Therefore,“
'l‘those mutants which became senSitive to ethionine upon Tysogenization :’.
'l' were cTa551f1ed as.amber ethionine re51stant mutants ‘,}» g:"."

NG

, \*‘;;74enettdrmappzng f" | _b o ﬂ_" o x”_ f”‘f ,-.':1;{j‘vfiii-.

S o Generalized transduc1ng phage Plvzr was: used for map ing SR
‘ i?z.
according to the procedure described hy Lennox and Yanofsky (1959)

’SeZectton of spontanedus su+ derzvattves of‘ethtontne-reststant mutante tf; A
| Spontaneous su derivatives for some of the NR274 1 100 mutants
| w,fwere obtained by pTating 0 1 0 2 ml of dernightlcultures oQilactose |
.minimaT pTates foTTowed by 1ncubation at 30° or. 37° for 3 days Th f“b'°‘H’
: ;onTy coTonies that could grow were those witH’tﬁe Tac trp phenotype
o eijresence of su 1n these strains was confirmed USing a T4 amber mutant
"_Th:which wiTT give rise to pTaques oniy on strains carrying d@her suppressors
T P R ) Trw“
_.'J,naDomtuance test ) A _ - e
S The R2 stra]n was used as a recipient for transdugtiﬁnlto metB

2;»;”f¢jby Plvtr grown on severa] metJ 1-100 mutants., The met transductants

| "u'were tested for ethJonine resistance (cotransduction‘of metJ a]le]e with
.dtty;metB aTTe]e) and one ethionine resbstant transductant from each Pl Tysate ;'fQ
'r=was purified Next the R2 metJ strains carrying different metJ al]eles

R
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‘were used as‘recioiehts‘in mating with‘F'ld (ABIZOG) Spot matlng was
;performed 1n wh1ch the donor was grown to early Tog phase and the

' Arec1p1ents-to m1d-109 phasei”AA drop of each rec1p1ent Was p]aced on

’ glucose m1n1ma] 81 pTate when the spots were dry a drop of the donor o

'~‘was p1petted on top of them Confluent growth was obta1ned from each

- mat1ng The recomb1nants carry1ng F! 14 were pur1f]ed by streak1ng for

s1ngTe colonies. and twenty f1ve s1ng]e coTonles per mat1ng were streakedl:
N on gTucose m1n1ma1 81 p]ates These were then tested for re515tance to gk'
v-,’DL-eth10n1ne (3 g/T) at 37° and scored after 48 hrs of 1ncubat1on
e by b" o } - S

| Testtng for amber mutants in the metK gene ustng poZamty suppressor. U4 '}

| Stra1n MaZZOth was transduced to serA w1th P1 lysates grown’fi"
on metkjlsz and metK1168 Transductants were scoréd for eth1on1ne—‘ s
- res1stance Two eth1on1ne res1stant (metK) transductants from each

- ‘dstra1n were pur1f1ed These were used as rec1p1ents in- transduct1on to - o
) .

.'filv w1th P1 grown on 333suA2 Two' hundred ilv colon1es per strain |

o }

"::were purif1ed and tested for eth1on1ne-res1stance R

s L ti-i.' ;“ ot L s .
:uGrowth of bacterma fbr enzyme assays and preparatton of ceZZ extracts

Ce]Ts were 9r°"" to stat1onary phase in: 3 mT minimaT med1um s
-,,contain1ng the requ1red am1no ac1ds ThTS cu]ture was then transferred

x'\into 20 m1- of the same medfum and 1ncubated overn1ght The fo]]owmng day-37§f@

| *‘1iicells were harvested by centrifugat1on and Tnoculated 1nto 200 ml of

‘:dz:f’fresh m1n1ma1 medlum After 3 4. hrs of growth, cultures were centr1fuged;f[f[j

1,{ washed 1n saTine, and stored at -4&

On severa] occas1ons th1s procedure was modrfied as follows,/



R

'”--at 340 nm per 20 min' per mg proteln at. 370, ?*Hj;_;? r“g.

‘“;the menad10ne-dependent back react10n descr1bed by Dickerman and

’,ffWe1ssbach (1964) The spec1f1c actlvity 1s descr1bed as nmoTes ;ﬂf$“+

ot 5 ml m1n1ma1 saturated cu]tures were centrifuged, 1nocu]ated 1nto 50 ml

fresh m1n1ma1 med1um and 1ncubated until ]ate Tog phase
For extract preparatTons, cell peTlets were suspended 1n the R
appropr1ate buffer (depend1ng on the enzyme assay to be performed)

son1cated tw1ce for 30 sec in 1ce, and then centr1fuged at 31000 g ’

1'for 30 m1ny1n a Sorva] RC2-B centr1fuge These crude extracts were used

d1rect]y w1thout freez1ng in a]T enzyme assays ATT enzymes except

*ATP L meth1on1ne S- adenosy]transferase were found to be stab]e for at

"~1east 24 to 48 hrs

¢

Cystathtontne—y synthetase was assayed by measur:ng the L

- amount of = ketobutyrate formed as descr1bed by Kap]an and FTav1n R

E ;-(1966) The spec1f1c act1v1ty 1s expressed as decrease ln\absorbance )

o

B Cystathtonase was assayed by the’ procedure of- Flav1n (1962)

. ,The<spec1f1c act1v1ty 1s descr1bed as 1ncrease 1n absorbance at 412 nm ; ;5{_‘

'i fper min per ng. prote1n at room temperatureg if ﬁ;'si>:lf";“

5 IO-MbthyZenetetrahydrofblate reductase was deteraned by

e formaTdehyde formed 1n go min per mg protein at 37° ':';f:f'f.fﬂﬂf{x££v<'

ATP L—methcontne Sbadenosyltransférase was assayed in the

‘1016-1174 series mutants by the procedure of Tabor and Tabor (1971)

“'dl«iThe amount of enzyme per assay was from 50 tb 100 ug protein .
'fn;l“c Meth1on1ne (20 uCi/uM) at a. f1na1 concentration of 1%5 uM per assay
;fb,was used The: 1“C-adenosylmethion1ne was separated from 1“C-methionine s

'";Iby TLC in 95% ethano], acetic ac1d water (80 5 15) soTvent and counted

T “ E



_ﬂreagent or by B1uret react1on as descr1bed by Layne (1957)

: 17- f

in toTuene-OmnifTuor scintiTTation'mixture The spec1f1c act1v1ty is -,

descr1bed as nmo]es S adenosy]meth1on1ne formed 1n 30 m1n per mg prote1n

ES

at 37° . ‘ |
A _‘} ‘ The mutants of the 1- 100 ser1es were assayed usyng the 'same’ -

g

reaction- m1xture except the flnal concentrat1on of 1‘*C-methaonine

(5 uC1/mM) was. 500 uM per assay and the extracts were prepared not in

' Nirenberg buffer (N1renberg and Matthaea, 1961) but 1n 0 05 Mighosphate |
.buffer pH 7. 3 The rad10act1ve product 14 SAM was separated from the ;‘
. substrate 1’*(: methlonlne us1ng B1oRex 70 (50 100 mesh) re§1n accordlng
eto the method descr1bed by HoTcomb and Shap1ro (1975) and mod1f1ed by ;
;AC Somegv1]le (unpub11shed) The spec1f1c act1v1ty 1s expressed as

'umoles S- adenosmiethlon1ne formed 1n 20 m1n per mg'pﬂote1n at 37° o

FTotetn conaentratton was est1mated us1ng Folin- C1oca1teu e

SRRV w7

: 'MEthyZatton assay

CelTs grown to stat1onary phase in L broth were used to fi'317'Z

:'extract bulﬁzqu To 1 g of cel]s suspended 1n 2 ml buffer\(g 001 M

“'Tr1s at pH 7 4 conta1n1ng 0 01 M Mg acetate) 2 mT water saturated phen01

| Tl‘_'water, centr1fuged to remove undwssolved mater1a1 and stored at -20°

_'kwere added and ag1tated on- shaker 1n 1ce for 1 hr The mixture was
}5-;centr1fuged for 30 m1n‘2t 30000 g and the aqueous Tayer removed RNA?- ‘
‘::':fthwii prec1p1tated at -30° overn1ght by adding 0 1 voTume of 20% potass1um EJtS\

V;acetate and 2 voTumes of 95% ethano} (at -20°) The prec1p1tate was .
m..{f?c011ected by centr1fugation at 31000 g for 10 m1n and washe% twlce with
| ffcon 75% ethanolqg After wash1ng, the precip1tate was dissolved in 0 2 ml :

-
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\
The average y1e1d of RNA was approx1mate1y 50- 60 A260 un1ts ‘pert gm of

.

ce11s

Preparatwn of methy]atmg enzymetrop strain CSH4 was carrled

out accord1ng to -the methed of Mar1nus and Morris (1973)

r

~ Methy1 def1c1ent RNA was prepared from stra1n X341 groWh

under conditions descr1bed by F1elssner and Borek‘(1966)
. }he react1on mixture was that of Hurw1tz and Gold (1966)..
8 uM (1 uCi) of (mephy1 3H)-S-adenosy]methwnme, 1-2- Agso unfts RNA
i and 500 ng prote1n (methy]at1ng enzyme extract) were used per assay
'The react1on was stopped by pre21p1tat1on w1th cold 5% TCA (see
F1e1ssner and Borek 196% f11tered through whatman GF/C d)pss f1ber

‘Af11ters ‘washed with 5x5 ml 5% TCA,and counted ina to]uene 0mn1f]uor '

dusc1nt111at1on m1xture Methyl acceptoéggct1v1ty of RNA is degcr1bed :

"'as pmoles of methy] group transferred 1n 15 m1n per Azso un1t of RNA
'Mbthzontne uptake assays | d'l' f Lo d'd? , '”’t'r' | i 'r(Q |
| saCEOrding'to the'prOCedure

Exper1ments were car ,ed [

; descr1bed by Kadner (1974) The:, , concéntrat1on was adjusted to

| H;Auzo of 1 0, ‘and v1ab1e counts were made ll+C Methlon1ne was used at
:dda concentrat1on of 0.8 uM (0 05 uCl) per assay The rate of uptake ‘Slfff
3 expressed as pmo]es 1‘*C-methlomsne transportgg;per 108 V1ab1e ce]ls. .

2

..}_ ‘"’.L s 1} rd',p,p;/v ,:.};.!.r?‘”



W |  RESULTS

P 7 " .
@ » Isolation and chassification. of amber mutants .
Forty-five 1ndependent eth1on1ne -resistant mutants - were

Seventeen of them (38%)

1solated from stra1n NR274 HfrC trpam Lac, -
?% became ethlon1ne sens1t1ve when lysogenized with ¢80psu3 1Thfs,was
the basis for their ¢lassification as ethionine-resistant amber
{“f“tw mutants. In strain CSH4'F’?trpam Zac. ,'one hundred and sixty t
1ndependent mutants were screened,for amber mutat1ons and twent/ four
S of them (15%) fel] into th1s ‘category.
In order to determlne the location of the amber mutants
Plvtr Iysates for a]] these mutants were’ prepared and used to’ trans-
duce stra1n AT2475 to serA and Herl to metB The analys1s of the
.; transductants revea]ed three ETasses among the amber mutants " The |
metJ mutants belonged to the f1rst class, the metK mutants belonged to
ﬁthe second c]ass and the thlrd c]ass cons1sted of mutants wh1ch were -
‘.'ne1ther metJ nor metX. None of the 1atter mutants were of th° metI
type since: eth1on1ne res1stance was not cotransduct1b1e w1th e1ther the
‘metA or the ang genes. - . T; AU “ ‘ |
metJamber mutants E .‘ ﬂ
Pl 1ysates were grown on a]] of the mutantghclass1f1ed as
. amber eth1or}ne reslstant on the bas1s of ¢80psu3 test Flfty me%B
'transductants from each Pl Iysate were pur1f1ed and tested for reSIStance

to eth1on1ne Table 2 llsts the mutants ident1f1ed as metJ and gtves the ﬁ

' cotransduct1on frequenc1es between metB and metJ al]eles and between
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Mapping of m;ES m;ﬁants

Strain % cotransduction of | % cotransduction of
- ethionine-resistance | ethionine-resistance
_ _with metB - with argH _
wild type NR274 | 0 0
 metssdb | ; 98 {\\ 26
[N
| s metdbia | . 94 20
metd7ia | o+ .\92 19
metJ72b |~ §8 27 ,
" metd76a . 98 28
metJ78b 98 8
- metJ85a 96 c20
- A S il -
metJ87 98 28
metJ89b 92 20
"'.mét393b 98" L 29 f |

20
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<

L argH.and;metJ'alTe1es A]] of the metd mutants were found in the 1- 100
series der1ved from stra1n NR274. b
Previously mets mutants ‘have been shown to exhyb1t derepressed '
levels of meth1on1ne)b1osynthet1c enzymes In order to confirm the
‘mapping results, each of the~mutants was assayed }or B-cystathionase and
ATP:L; meth1on1ne S- adenosy]transferase activities 1n both the suppressed..-_
(¢80psu3 1ysogens) and unsuppressed state. As presented u Tab1e 3
a]] of the stranns tested showed const1tut1ve synthesis for both enzymes

in the absence of the suppressor Contrary to expectat1ons most of the

'suppressed mutants st11] showed. e]evated 1eve1s of enzymes even’ though

E they had become fu]]y ethnon1ne sen51t1ve Only three stra1ns (65a,

°89b and. 93b) show comp]ete suppre551on of. their or1g1na1 metJ mutation |

'by the amber suppressor su3 ¥ and’ therefbre can be unequtvocally

c]assif1ed»as ambers Compar1son of the act1v1t1es of two other

- meth1on1ne b1osynthet1c enzymes (Table 4) conf1rms the c]ass1f1cat1on

| .ofaihese three mutants as ambers by thelr eff1c1ent suppress1b111ty. y_t ;
y | Since some of the metJ mutants prev1ous]y 1dent1fied as amber
.(on the basis of the eth1on1ne p1ate test) showed only partia] decrease ‘
_1n specific .ctwities in the presence of ¢80psu3 amber suppressor, L |
;‘spontaneous su derivatives were obtained 1n order to e11m1nate the
'1:possible 1nterference by ¢80 phage w1th eth1on1ne uptake.’ The su ‘
‘"I}vderivatlves were se]ected as s1mu1taneous revertants to the trp ]ac B N
phenotype and tested for supportxng the growth of T4 amben‘ Approximate]y(o;
“ften su revertants for each of three dlfferent apparent amber metJ .

T,stralns were tested for sens1t1v1ty to eth1on1ne, however the response

»was always non unlform, 1 e among the su revertants for a mutant



TABLE'3 - Ident1f1éat1on of true amber mufat1oﬁ? amdng various
apparent amber metJ mutants by comparison of enzyme activities
in the_presence or absence of an amber suppressor (¢8093u3+)

| Stra1n S " Relative spec1f1c activities Ident1f1cat1on

' ' g-cystathionase|ATP:L-methionine| -
! L » ' . rS—adenosyltrans- ‘ .

' ferase » ]

.06

1.0¢

wild type NR274
'NR274 (¢80psu3*)] -

—
OO
=

'

64b N,
64bf(¢80psu3+).

’ ‘It;;' '_: ﬂ

. ?6503 o o , abei
65a (¢80p8u3 ) o

; —
‘e L] . »
~N o

o
-2
N f_'.-‘

- .

N Owm
Pl

71a. .
71a ($80psus™) |

WO
.

f 7%b s +.v :
[#72b (¢80psus™) |

| 76a e
76a (¢80psus’) |

Y T e

™. B

TN RO OR PR
. ) - [ 'y . [ -
O ~

X

e

ST St Lo

. Vy;78b.' ORI
| -78b (¢80psud®) |

Nl

L

- - L] L] 3 .
AD OV - saég SO R W

.“vié5a.b':.ﬂ--- B B
| 85a (¢80psus®) |

=N W
.. .

S OW WORN O BW W
. - L ) e e cile .

b
N ‘v . . o .

':."ézan,“ﬂf‘-‘« .
| 87 <¢80ps.us*->r-r .
i f1339b : ,5-}.; f11;87v4'6ﬁﬁ
| 8% (¢80p8u3 ),,_;', 0.96 -
s | ows
| g (¢80psys ) 1L 05f.ﬂ¢ | o
L The enzyme act1v1t1es of the’ muﬁants are expressed relat1ve to w11d =

P SRS
- N

i+ <

.ubao;.aa

N 2P '

G oen

. type which is taken as 1.0. The activittes of the: $80psus*- 1ysogens'1f f;_

" are expressed relative to NR274 (¢80psu3+) ehzyme leve1 which is

'\ _ ‘taken as 1.0. e
Increase 1n absorbance at 412 nm of 0. 138 per m1n per mg protein.ff,;; I
b Increase in absorbance at 412-nm of .0.178 ‘per min per-mg protein.: .

.c.. 10.5 ymoles: S~adenosylmethionine formed in 20 ‘min per mg protein..
d 13 1 umo1es S-adenosylmethwonlne formed 1n 20 min per mg protein,;',j,f
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TABLE 4

Restoration of repress1on of metB and metF b1osynthet1c enzymes 1n o

metJ amber- mutants carry1ng ¢8098u3 o u

Strain -~ -|Relevant genotype| Relative specific activities

‘ ‘ - ' Cystathionine-| 5,10 methylene-
| y-synthetase | tetrahydrofolate
AjmetBA) reductase (metF 3K

JReze L et L oa.f’_f}" 1. ob

| 51b . _e f_xb” }metJ[non—ambér:_s: . z‘igsifﬂJ.g ,,' 4;59 \[.:,i‘}
OB (ggopes®) || 225 | ess

R S 18 .ié;;7~;_*7_3576fﬂ-,;f;e.1fl‘¥'f

) 93b. (¢80psu3+) : 0.97 098 L

B S

Decrease 1n absorbance at 340 nm of 1 Q in 20 min per mg proteinfig‘g.35

, ;" b 0 24 nmole fbkmaldehyde formed in 30 min. per mg protein _‘ﬁfi;ﬁ;ﬁ;if
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. there'were both.ethionine~sensitive‘and resistant Colonies - This was
interpreted to mean. that some of the su’ revertants acquxred suppressor
| tRNAs which 1nserted amino ac1ds not. capab]e of restoring Wild type ~fl
| metd act1v1ty thus produc1ng ethionine-reSistant phenotype Those |
isu+ revertants which were ethionine sensitive retained their original /
l:metJ mutation which cou]d be transduced 1nto another strain Consequentlyx
»‘these ethionine Sen§1t1ve su strains were used to compareutheir enzyme
' 'levels wvth those of the originai mutants The resu]ts are shown 1n
";Table 5. Only 1n the Ease of strain 71a Bu cou]d the ethionine- |

: sen51tiwe phenotype be expiained 1n terms of con51derab1e decrease 1n
: oo-- .

"-‘?enzyme act1v1t1es Su derivatives of the other two apparent amber

'gmetJ mutants (78b and 85a), although aiso ethionine sen51t1vh on’ ”fff e
'ﬁ'tplates dispiayed no. change 1n enzyme levels f;tfﬁﬂ' _ »_“zt 't
| f - | | Ali of the metJ mutants isoiated thus far haVe been found to
‘i‘].be rece551ve to the w11d type alie]e The on]y exception is a S&Zmonellalﬁi
5 ;:mutant c1ted by Chater 01970) whith 1n a partial dip]oid state showed f'
'“'fffslightly e]evated enzyme activity as compared\to the wi]d type There- '.;[

:;'fore the metJ mutants derived from NR274 were examined for their S

s“'dominancle Recipient strains carrying Varf°“5 metJ a]]eles were mated
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'TABLEsS" .

Compar1son of enzyme act1v1t1es of some metJ mutants

w1th Eperr su’ der1vat1ves of spontaneous orlg1n “lo

Strain.f',Relevant genotype }, Relat1ve spec1f1c act1v1t1es .
e 1 o ' | M. ATP:L-methionine .
f 8- cystath1onase S-adenosy1transferase

NR274 et ethS R R X ) ob ‘
NR274su ;metJ au’ ethS 1.0 ) 1.0 |

_ 7j¢; :j-f metJ ethR S m‘;]Eél@ai"3{ff;'?f;ﬁf3;{2;eefljfﬁ~f?51"'
| ;Zidféu*;. metJ s’ ethS »”ﬂii*;j5;08;ijg'f;3 <*¢rf‘QQ3f,}; f_;{ff
[roo - fmow et | awas |2
:' 78b'3u+ metJ au’ ethS avliia;§7yaifs{f;t:“,’ffﬁfi*f,?fj‘a;ﬂ o

A"p:?'The enzyme act1v1t1es are eXPrGSSEd re]atlve t° the Wi]d type ]evel

e §:7fwh1ch 1s taken as 1 0

b
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TABLE6 -
~"Dominanee_test_tpr metJ~mutantsn i

b .

Strein' : ‘Reievantigenotype - Re]ative spe01f1c act*v1t1es _
S P ' ATP:L-methionine
B~ cystathionape 5= adenosy]transferasei

X . . : ) .} T ‘ ' ] l ‘ .
| nRers e | e e
FUU/NRZT4 | F mets fmets® © | 1 ob b :_1 o
1oese | 2ane | s
. | F'14/85a  |F mets metsgsa | 1. 29;1f',' ERRs z,.,;
L e e T e
| F4/72b |F et metazzb | - 211, .1~.96:> SRR P
E 'nai,,ijf_fijff;ffﬂ;:iigglJVﬂ"ﬁngeéﬁgjffnf 
F'14/71a - |F metd" /metazia | = 14270 | . 009 .
F14/65  (F retstimeses,, | 6.4 Lz _
'”esébfj:f;f 1ﬁﬁiiff5ftf"i.if{i?fsisfﬂt:fff:“n;-f;Z litinfe'fe'*‘” 8

i *fﬁi?‘l4/53bi’v)FinétJf/métgﬁgbthg:fﬂp_Z;ZSﬂ';ui;_fﬁi ibﬁtl 78ftgifei‘57

“-The enzyme activities of hapioid metJ mutants are expressed reiative?fipffff;f'

:-‘nto the wiid type (NR274) level which is taken as 1 0 u;;;gg}i;;ﬁyi*L;f;f"f

'3Pe,fThe enzyme activities of partiai dip]oids heterozygous for metJ are |

_tpexpressed reiative to enzyme levei of the wild type diploid F 14/NR274 »fii}fi

"‘;f‘which is taken as 1 0 fp S

.S_Increase in absorbance at 412 nm of 0 138 per min per mg 'rqtein.
.. Increase-in. ‘absorbance at 412 nm of 0.115 per min: per mg- protein..e
.. -10:5 ymoles of S-adenosylmethionine formed in- 20: ‘min.‘per-mg -protein.
:1;6 53 umoies of S-adenosyimethioninq formed in 20-min per mg’ prote‘jg
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~‘the wild type strain aTso‘in a diploid conditfon. Only one- straln, 65a, ‘
s s1gn1f1cant1y derepressed and therefore certa1n1y dom1nant over. the

_w1Td type ' Surpr1singTy, th1s is, aTso one of the metJ aTTeTes that was

o previous]y 1dent1f1ed‘as an eff1c1ent1y suppress1b1e amber., Stra1ns

zliefrequenc1es 1s cons1stent w1th the observation made by Maas (1972).\1;,f;'.7

":Tt*?colonies)

W e -determined in a'H of/ th& a.mber metK mutants. The amount of

fssb ‘and 72b show moderate derepress1on perhaps enough to cause o -
. ¥

':‘-Qeth1on1ne res1stant phenotype

.xmetK amber mutants o ', e

| | ATT of the apparent amber eth1on1ne res1stant mutants were
&"checked for cotransductlon of‘ethtonlne-resistance with the serA _
‘]gene in order to identify amber metK mutants. The transductlon :iff*ffff
"fresults (based on 100-150 coTon1es) are shown 1n Table 7 Mutants
w=:1dent1fied as metK were present among the ambers 1solated from both
.'a_NR274 and CSH4 stra1ns The cotransduction frequéncies with senA ,Tlff<[jq"

~’fvary from 12% to 38% for different strains Th1s broad range of :Tyipff”:

'?that depen 1ng on the size of the coTonies picked th::linkage between

~:serA and. metK is anywhere irom 10% (Targe co]onies) to 50% (smaT] ZT"Vi_ff

.l‘_;.> . ‘- .

The Tevels of 8-cystathtonase and SkadenosyTtransferase were 'v}j

‘fhs-adenosylmeth1onine produced was estimated by.TLCnfor CSH4 derived

| iﬁ;suppressor, thus c0nf1rm1ng the mapping data Howeventﬁan four tratns




TABLE 7°

.Mappi ng of »;netK ambgr mut'a_nfs :

..\..".‘ N
. Strain ' -

'% cotransduction of. L
. -ethionine- res1stance -
m th serA

w11d type NR274
—'\
V. .meu@m

B metK43a

'”-ﬁf wi1d type csu4
. *:metK1018
: ﬁ:metK1152

" .met]{1154

1_.‘,‘r_
| metﬁkza o

_Q

met](44al.-; R
,fi_-imet}(ggq IO

- metkegg. . |

-~;.'me¢xz.;6e;

/\._,.‘“

,:.fvﬁ¥f24:ff;”f?rﬁ;.5  _ o

0

Cometkrza |y o m

g
9
!

28



TABLE 8

Enzyme act1v1t1es of CSH4 der1ved metK mutants in the

presence and absence -of ¢80p8u3

fStrain’,‘;?‘eA- Re]evant - fJ:Re1etiye;specif‘:vgﬁtivities-'-‘
o genotype .| ATP:L-methionine | .~ e

.',_1018 (¢30p3u3 ) R

'«_"1152 (¢80p3u3 ) I

Colaes | metkamper |

| ffCSH4 R ~~;jmétx,~f'”}  : .?jfl 0 "'ﬁ>”.;ﬁ’“f‘li.0-'-
| csme (¢80psu3 )-__' T R 11, PR O B

-

P el
~J
=

MR -

® . ® .-

Prich fd

SO

1048 L metKnon-ambeI‘ S
1082 (¢80psu3 W

“ig1g "‘}?méti'&mber17i L

;1154 (¢80psu3 )_;jV"~.‘ N .

o mo oo mo |
; B S .. X . [} - N
JRR N L9

"1163 (¢80psu3 |

}'"'fllfThe enzyme act1v1t1es are expressed relative to the w11d type level

"'71e;:7iwh1ch 1s taken as’ 1 0

’ .

S-adenosyltransferase|g-cystathionase |

77 2 nmo]es S-agenosylmethionine formed i.$30 min per mg_protein.ff?iiﬂ}fed

Increase in absorbance at 412 nm of{

<17 per min'per mg pfoteing;lfffff,fﬁf



NR274 der1ved metK mutants in. the presence and absence of ¢80psu3

CTABLE 9 . .

Voo

The 1evels of B- cystath1onase and S-adenosy]transferase in

| Strain~ -

Y

Relat1ve spec1f1c act1v1t1es '

ATP L-methionine

B-qystath1ona§e fV

w11d type NR274

_;NR274 (¢80psu3 ) |

: *e41a ~f=‘A°

" ";'712 75 umoles S~aden05y1meth1onine f;“med 1nt2Q:min ‘per- mg:protein,
fflb;fglncrease 1n absorbance at 412"fm ofﬁO__BSiper ‘min_per.mg protein

-f”,d;/JIncrease in absorbance at.412 nm of 0 18 'er min per~m9ePr°te1“;

Ph_ L S

:?“2{41a (¢80psu3 )

, ’5fl42b e
_:;42b (¢80psu3 )'ﬁa -

- r"~43a if-""' S
ivt43a (¢80psu3 )5 A

S-adenosy]transferase

;,ﬁl,; f?o 22f?? B
coo 022 -

,}gii 0. 37f)%;f‘,i»?:;f7
B B

‘jﬂg,fﬂuo 34.5e;€f.{v_ AP

: '.93’31‘ ' ‘

F‘

N
g1 RY-%5 ?d

..

-

.

o 8. e . . ‘ . e e - .
. oW 0o NP

g e

jséetaken as 1 0 The enzyme

30
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(a1t der1ved from CSH4) had their metK'enzyme attﬁvity-fui]y restored - -
“in the presence of ¢80psu3+ (Table 8) and"Coqu"bejconsidened~true' |
jamber mutants The rest of the metK mutants (aiso sens1t1ve to

| 'ethionxne when’ 1ysogen1zed by ¢80psu3+) d1d not exh1b1t any change

© o dn thelr enzyme levels 1n the presence of - ¢80psu3 (Table 9)

Since the poss1b1e effects of. lysogeny on the permeab111ty
- of. the membrane (wh1ch may have 1nf1uenced the behav1or on ethionxne

'..plates) cou]d not be ruled out, spontaneous su der1va§1Ves of var1ous

‘ -jmetK mutants were 1solated The1r response to eth1oane was 51m11ar to

| j_‘ fremained derepressed Ethionine-sensitive su derivatives of two

o that of the spontaneous su der1vat1ves of metJ d1scussed earller On]y[}ﬁ -

! "those W1th etbR phenotype suppressed to eths 1n the presence of su e
waere selected for b1ochem1ca] ana]ys1s The enzyme act1vit1es of l.
?metK su | ethR parents and thetr metK su eths der1vat1ves are compared
'_1n Table 10¢£\Strains 41a and 42b had S—adenosy]transferase IeVels

- 1ncreased 1n the presence of au*, but the B-cystathlonaﬁe leveTs

.iﬂ?other metK mutants (43a and 44a) showed no change in their enzyme

”Iffrg‘act1v1t1es Thus it is not clear whether the presence of the su a]le]e"fjl75_

| i:n;ﬂis responsib]e for ethionins sen51tiv1ty, nbr whether it has any

":ﬁif"suppressing effect on. the ‘metk: mutations

L% Lo _ S
S-Adenosylmeth1on1ne, the product of the reaction catalyzed by]}.;;j;-

~<f*pithe metK enzyme is in olved in the biosynthesis_of polyamines T.of;lf_fj;t;}j

| "7v}'other genes, speA and speB are’ a1so 1nvolved_fn ’he polyamine

' '.tii;biosynthét1c pathway and map close to the metK”gene’(Maas, ‘:ﬂffh

' :'*-ft proposed that this clustering of functdonally re]ated geneiamay sugges ;}qu;b;:

| :=ffpthe existence of an operon concerned with spermidine biosyT hESf




Spec1f1c act1v1t1es of metK mutants and. thelr su der1vat1ves

TABLE 10

“

of spontaneous or1g1n

I Stratn

Relevant
| genotype

Re]atlve spec1f1c act1v1t1es'

ATP:L

hionine -

NR274 -

NR274 st

1410
41a sy

s

42b su’ -

43a
43a su

| metx” eths .
metK+ su+ eths |

metk ethR

‘metk su’ et_'h‘S-‘ 1

metKethR L |
metK ou” eths |

rnetK ethR :

| metk ethR |
metk su’ eths |

' metK ‘su ‘ethS

S—adenosy]tr sferase

o022
040 -

___f,;.o;33;°”ﬂ__ B

1.0

o3|
"*f':°}36:¢;i¢vf‘[}l;

1.0

0.7"6-2,' |

. U
-

3—cystath1onase a
Coaeb
Lo

.2
36

vff*.zﬁng,ff?'

3 25:7_ :f L
- 4, 17

~

32

iThe enzyme act1v1t1es are expressed relative to the‘wild type 1eve1 !pffﬁﬁe

::~pwh1ch 1s taken as - 1 O

,‘,_

'/‘-’..'

: ﬁ

: ftf"f b Increase 1n absorbance at 412 nm of 0 129 per min per mg protein

“.ffgé@fs';{ﬁ

‘”¢'a; 9 8 umoles S—adenosylmeth1on1ne formed 1n 20 m1n per mg prote1n



Th1s would mean that some of the nonsense mutants defect1ve in metK

enzyme may not necessar11y be 1ocated in the structura] gene for

\\Q adenosyltransferase but could be strong]y polar mutations in a 'ek

e1ghbour1ng gene.

Two amber metK mutants (1258 and 11685 showing the lowest

enzyme act1v1ty were cqmb1ned w1th the po]ar1ty suppressor sud by

transduc1ng the metk a1ns to llv with Pl grown on 333suA2 ‘strain ,
s

33

(see Mater1als and Methods) The sul gene is cotransduct1b1e w1th th_

w1th a: frequency of approx1mate]y 60- 80% (Morse et aZ 1970) but

51noe the presence of the sud a]]ele cou]d not be 1deﬁt1f1ed in the
v .

transductants due to lack of su1tab]e po}qr mutatlon two hundred ﬂv+

colon1es were random]y pur1f1ed and tested for eth1on1ne sensit1v1ty
I the mutat1on was 1n the actua] metX. gene, the presence of the sud
allele wou]d change ne1ther the eth1on1ne res1stant phenotype nar the
Taw enzyme act1v1ty. However, 1f it was a polar mutatlon next to the
metK gene, 1ts funct1on m1ght be restored and- phenotype reverted to

eth1on1ne sens1t1v1ty Both of these mutants in a sud background

rema1ned eth10n1ne re51stant 1nd1cat\ng that the observed reductlon o

: /
of S adenosy]transferase act1v1ty 1n these mutants is probab]y not

caused by a po]ar mutat1on in an adJacent gene o ’gﬁ_ﬁ?lb_'—'
g Other amber ethwmne-reststant mutcmts ' ,f‘\ | S
Of the twenty four amber mutants 1solated’in stra1n CSH4

twenty were: not cotransduct1b1e w1th metB, serA or metA loc1.- '

&i B-Cystath1onase and S adenosy]transferase levels were determ1ned 1n N

a]] of them (Tab]evll) The maJorlty of the mutants showed sllghtly

;,‘L



'TABLE 11

‘8-Cystathionase and S-aaenoéy]tfansferaseJ]eve1s in CSH4-derived :

amber ethionine-resistant mutants unlinked to metB or serd loci.

&\A
Strain ____Relative specific actiyities-
‘ : . .ATP;L-meﬁhionine
| B-cystathionase | S-adenosyltransferase.
wild type CSH4 | . - 1.0 N
1016 075 | 0.35.
1038 |- 0,70 ‘ - 0.64 o
1046 | 119 S 055
.« 1060 | 0,70 -~ .| - 0.38:
SN 1062 0.65 : ,0.40
1065 | 3.0 1 70. -
© 1070 |- - 1.63 0. 35
1113 | - 0.5 | . 0.46°
1114 - 0,58 | - 0.58
1127 | .0.51 S 0.45
1129 0.78 0.36
1130 0.66 - - | '0.41
© 1137 0,79 ~ | 0.90.
1138 0.94 S 0,70
1146: . 1.20 S 1.30
1167 |... 0.59 -, ~f - 0.45
1166 0.61 o 0.3
1710 0.62 - | 0035
CM74c ) Q%2 - 0.3 0
—

L : - LR i e . . N N s ’ ..

'Speeifienactivitfes are expressed re]at1ve to the w1]d type 1eve1
wh1ch 1s. taken as: 1 0 : | ' . )
_ , '/ . : _
Increase 1n absorbance at 412 nm of . 0 17 per min per mg prote1n

“

i b} 77 2 nmoles S adenosylmeth1on1ne formed 1n 30 m1n per mg proteln



‘respect1ve1y

reduced S- adenosy1transferase act1v1ty accompan\ed\by a sllght decrease '

in the 1evels of - s cystath1onase The enzyme act1v1t1es of mutant 1065

. appear to suggest a metJ type of mutat1on whereas such act1v1t1es of ‘

mutant 1070 1mp1y a metK type of mutat1on, however, transduct1on

]mapp1ng failed to ]oca11ze these mutants 1n the metJ and metK genes

o

Res1stance to,eth1on1ne could theoret1ca11y be conferred by
a]tered or defect1ve methy]at1ng enzymes Since methy]at1on is’ one of
the maJor routes fdr\meth1on1ne ut111zat1on a def1c1ency or blockage
in that process could, lead to elevated 1nterna1 pools of meth1on1ne :

and - cause eth1on1ne res1stance A mutat1ona1 a]terat1on of a methy]ase

‘.'would probably be reflected 1n thé degree of nucleic ac1d methy]at1on
In order to test th1s hypotheSJS bu]k RNA was extracted from these f”

_fstra1ns and - used as a substrate for methy]at1on by an enzyme extract

| prepared from the w11d type parent stra1n CSH4 As shown 1n Table 12,

there IS no 1nd1cat1on of the presence of undermethy]ated RNA in. any .

be

| -of these mutants

Mutants defect1ve 1n the transpdrt system have been tso1atedo‘

':‘by select1ng ana]ogue-res1stant co]on1es (Schwartz et aZ ) 1959)
‘:these stra1ns spec1f1c permeases are altered so that they no. longer :”"f
74transport the 1nh1b1tor 1nto the cel] From the stud1es of Piperno 1]p;“ﬁ
: Aand Oxender (1968) 1t appears that L eth1on1ne effect1ve]ykcompetes w1th
"the methlonlne spec1f1c uptake system Kadner (1974) found that g A '

| '.eth1on1ne d1d not 1nh1bit (or on]y to a very small extent) the‘low

' t:aff1n1ty ( 40 uM) meth1on1ne permease but he d1d notvreport any

‘ ldata w1th respect to the: h1gh affin1ty systemo(K :- 0 1 uM) Therefore



TABLE 12

Methy] acceptor act1v1ty of bu]k RNA from amber eth1on1ne reSIStant

mutants un11nked to ‘metB or serA loci B

~Sf¥§ih  SRR Methy] acceptor act1v1ty g

| wild type CSHA = [ "_ < f;i. 0. 60] ;{
metBrel X341 | .7 49,20 0 o
dam dcm GM-48 o S 0.78
1016 ' . 0.48
1038 o 0,49 00
1046 - f o 0.B8.
L1060 | SRR 0 60
1062 o 70.58 . -
- 1065 |- /.. " 0.60 ..
2070 - 040 o
1113 o048
1114 &KX - . 7 085
S 1122, p o -0 081 ..
1129} o 0.56
C1130-0 Lo 0 10465
Coc1137 o T 04069 -
S1138 0 ) 0.42
T cooobeL L T 1146 e 0485
S 7 nasn e o 0.88 ~
S 1186 ot s 0,60 0
1171 ) e T 0.60 T T
S1174 0t 0 50_.‘ ;:; =4_; J

B T-a,' Methy] acceptor actlvxty 1s exprébsed as nmoles 3H~methyl group
transferred in 15 m1n Qgr Azso unlt of bu]k RNA ‘

X341 1s a fu11y undermethy]ated RNA control -f{fi_]tff;i;j;‘_iﬁ R

GM 48 has no methyl-cystos1ne and only 15% methyl-aden1ne in DNA



'»'chloramphenicoi treated ce]ls was measured at 30 sec intervals for _f: i

";'.othe other amber mutants d1d not differ from the parent strain (data not

37

'the p0551b111ty of a mutation in the transport system was examined

Uptake of: ll*C-methiomne at a concentration of . 0 8 uM by

y_3 minutes Strain 705 12, prev1ous1y shown to be defective in L ethionine-~“
}‘uptake (unpubiished observations of E Ho]owachuk) was used as a controi
""for the experimental conditions and displayed a conSiderabiy reduced rate

{n:%of methionine entry (28 pmo]es versus 82 pmoles taken up by wiia type per {1

\_____

7'103 v1abie ceiis after 3 minutes of 1ncubation) Four strains vtz 5
. metK1018, metKJlSZ, metK1154 and ethR mutant 1038 showed 51gnificant1y

B reduced rates of- methionine uptake (Fig 3), whereas thesbehaViour of

presented) The transport system was fu]iy restored when the four ,\15_;Vf

‘“,‘j strains were suppressed by: ¢80psu3 (Fig 4)

Since three of these iow uptake strains have already been

L identified as defective 1n the metK gene product, it became apparent '
Alepthat they may not be true permease mutants G Ames (1964) pointed out ;Aﬁ
Thvtlthat the: maJority of faise permease mutants turn out to be excretors -
'.lffof the amino ac1d tested and she found tnat these are quite common among
d?ianaiogue-reSistant strains Kadner (1975) has a]so reported

: that both. high and iow affinity methionine transport systems are
af;a’inhibited by 1ncreased internal pools of methionine.: Consequently

.i;these low uptake mutants were tested fbr excretion of methionine. ,;;“ FRERRARN:

The~cells were grown 1n minimal medium under the sanerconditions 'j,

177»1as fbr previous assays (see Materials and Methods), centrifuged and the
'flvsupernatant f]uid from CSH4 as weli as minimal medium (no methionine)

| ”".used as contro]s The number of pmoies of Il*i.‘.-methionine transported

T
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pmoles “C-methionine /10" viabie cells

Figure 3 ” Compar1son of 1“C-meth1on1ne uptake by wi]d type cel]s
s with the uptake by amber metK mutants (1018. 1152, 1154)

and ethR1038 mutant
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; pmo]es C‘methionine / lo" v:cble cells . -_ f - :

o .”~":"’”rigure 4 T1me course of “’C methmmne uptake by uild type ceHs "
. e

and by ambep mutants vzz vy metK1018. 1152, 1154, and

ethR1038 in the presence of ¢80psu3
sl el S o
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'~'t in 3 m1nutes per 108 v1able ceI]s for each of the supernatants tested 1s.

-1presented in Tab]e 13 The 1nh1b1tory effects of the supernatant flulds,“ s

‘ from the mutants are qu1te dramat1c and most 11ke1y due to meth1on1ne

"‘~>§excret1on The reduced transport of 1“C meth1on1ne 1s probab]y‘a result’"

',tof d11utlon of the ]abe]led mater1a1 by the excreted non 1abe]1ed am1no‘tg~i*Q\

= ;'ac1d As Ames (1964)po1nts out, excretor mutants could be defect1ve in f%ffjf'

'the permease System 1f 1t was 1nvo]ved in retent1on of substrates 1ns1de__*“

= the ce11 or 1n the efflux react1on
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TBLE I3 . v

: Uptake of ll*C-methmmne by w11d type CSH4 cel]s in the presence

of cu]ture supernatant from var1ous eth1on1ne res1stant mutants 1 2

‘.iCéiwg; Supernatant added Méthiqhiﬁefup£5ké¢¥vﬁ»'
E;C§H4f m1n1ma1 med1um ;f7fffbtf'f:$i€???d;:e‘:Mv
= i?csu4;;;;;d csu4 .;ﬂeﬂie ~:;f'dffgo‘;fdff;1!‘ :
B N CSHe metK1018 75
L rCSn4" metK1152 so
o csH4 metKi154 G o 200

) csea | ethRiosa o coeoEEL ]

ﬂ.“': ?F;Metn1onine uptake was measured us1ng ch]oramphenicol-treated CSH4

JV-?“'eells to wh1ch 0 5 ml cf supernatant fluld from suspected methiénine :

7;i'excret1ng stralns was added ‘,j;fj':if-flf’w;«’?-*

Meth1on1ne uptake 15 expressed in pmo1es 1“C-methion1ne

. tV'an5ported in 3 min. per 108 v1ab1e cells :efiiifftﬁf;ﬁ%VYfV'"'



' a_“procedure u51ng eu3 carried on ¢80 phage and on]y those which contained

‘;‘ff,famber-suppre551b1e ethionine resistant mutations were used for further

j_fdoinvolved in methionine reguiation or biosynthesxs. Thus in suZmonezzalffipf¢gi

' d“~fthe metJ mutants were resistant to ethionine only, the metI (later

'5ff1;mutants exhibited resistance to ethionine. nor]eucine, and a~methy1-'>;*5”y"h
= i.]methionlne This pattern of reSistance was used as the critertum for ':Q;
'fﬁfa~:fthe identificatton of mutants 1n S&f:id,;
' '~jf£ﬁiand a-methyimethionine were tested for growth inhibition7;,f?f:igiff{;i;
B ﬁf:fnmutants in Ev coZt no con51stency was found andi]ater ciaiitftcationiﬁﬁg

‘ ‘-i3of these mutants confirmed that the analogue-resistance p tern was

| ~ DISCUSSION -

e | |

| Spontaneous mutants of E colt re51stant to DLrethionine were
vljsoiated from two strains, NR274 and CSH4 both bearing amber mutations f ;

¢

in the Zac and trp Operons These muqants were subJected to a screening |

ea;investigation R e T
Lawrence et az (1968) reported a diStinCtﬁpattern of r651s-f5;?‘-”

"jtance to methionine analogues displayed by mutat1ons in various genes ,V7‘d"ﬂ

| tlcalled metA) to both ethionine and a-methylmethionine. and the metK

Za However, when norleucine:.,.*

::funre]iabie for the purpose of identification‘_ Consequently allfof the}af?;?ilf:

":*-f‘amber mutants had to be identified by transductienimapping:f”‘ 2




- f regu]ation of both these enzymes (Tab]e 3) | ,
- - Three of the metJ ambep mutants (65a, 89b 93b) showed com- fv

plete restoration of w11d type ]evels for four methionine enzymes

}';'1(Tab1es 3 and 4) in the presence of amber suppressors Thus the am1no

N acid tyr051ne, 1ncorporated 1n response to amber codons 1n these mutants,_-*_, f

' 1‘gf‘was suppre551ng the mutations wlth high effic1ency These mutants

'-q. prov1de ciear ev1dence that the metJ gene codes for a proteln 1nv01ved

gin repression of the methionine pathway The 1eveis of derepre551on

: 75;,for e-cystathionase\in mutants 89b and 93b are quite 51m11ar (reiative

el ii | :"]ocated 1" the midd]e of the metB..J-F gene C]USter, and th

':*f'specific act1v1ties of 11 87 and 10(@? respectively), whereas mutant ;iﬂﬁ:wi*'d
*f65a is oniy ha]f as derepressed S B ; i
| . | No conciusion regarding the existence of one or more trans- f{gigh a é

: ,,if:cription units\for the me%B-J-F region can be drawn TheLmetJ’gene is

refore it is

"'7ff?expected that nonsense polar mytatlons in the metJ gene would produce

- ih;fmethionine auxotrophy and as such would not be detected dy{the 97QCti°" u.fi

' “Tﬁ“i.procedure.v Thus 1f the mecB-J;F region.is transcribed as”a unlt'ifhe 1?fffti:i

o in heterozyslotes

That finding d1d not rule outﬁ;_

""3lﬁexistence of trans-dominant constitutix fajo

: 53to be

gnificantly derepresSed.for_the metc nd-metk en f;i;ihf"f.,fffﬁihfgﬁfr .



ftz;[gf_degree of sensltivity to ethionine as we11 as re' e,fed,enzyme .evelsi
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~fof the presence of a w11d type metJ alle]e (Tab]e 6) Th1s can be l"

“”*»'ence for an ol1gomer1c structure of the metJ B
ﬁ; amber mutant produces a unique po]ypept1de d.:
}h~}forms defectlve subunits that make up the

~5idfwhen these subun1ts are m1xed w1th normal ones, mf
‘ﬁmfnactivat1ng the w11d type po]ypepttdes giving rlse j]flj'
:f .1:repressor Another poss1bi1ity 1s that the nonsense fft;{:
":eiésé to the N term1na1 sequence of the matJ gene and
{fagment 1s formed which hasﬁenough quunit structure to
;i ”ated 1nto the o]igomeric repressor According to this

é} N-terminus is important for operator-binding activity,~g

.thfé firessor wi]l be non functional (as it 1s 1n the Zac
.épelfbn, ”"et al., 1973) . S .’_

,‘ (Tab]e 3) |

Most of the
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i:whereas ineffic1ently suppressed mutants would still have cons:derable
derepreSSion of epzymes and ‘be sen51tivelonly to the highest concen- ,'
Ltration\tested (3 g/l) | \'p ” ’H_4 . ‘
| Among the ethionine re51stantlhutants cla551f1ed as. ambers o
"by the ¢80ps:%%\suppression test, eleven were found to have ethionine-- T
iustresistance cotransducible w1th the serA locus All of these gy:t?b‘%ff:d*?;‘
B strains showed low S—adenosyltransferase activity 1nd1cat1ng that the ] e
h:mutation probably affecteh the metK gene (Tables 8 and 9) Slan some d*;lflv.
v:mutants were assayed u51ng the TLC method and others u51ng the BioRex 70 b
f,{itechnique, their spec1f1c act1v1t1es cannot be directly compared 1. hi?V”f

f 3the BlORGXP70 method higher concentratiohs of methionine were used and ;fif'_“

"l_stherefore mutants w1th an altered Km for methionine would give higher

'*f;enzyme activ1ties than by the TLC procedure Nevertheless the two

sfjfgrepression (Greene et az - 1970) due to the fact that mutants defective

’If;in S-adenosyltransferase displayed elevated leveﬂs of methionine bio-»w

| 3.;‘stra1ns with the lowest metK‘activities (1152, 1168). by both methods
jfshowed only 2% or less of the wild type en:yme levels.nv_,, *"" '." '«t i
The internal pools of SAM have been implicated in methionine

'“f:.iﬁgsynthetic enzymes However, 1n the case of the amber metkzazs, 1152. :»[7aﬂfflﬁi

s .f




]

appears that the metC enzyme may not be the best cho1ce for determ1n1ng
‘the levels of derepress1on in stra1ns wh1ch overproduce or accumu]ate '
7,,meth1on1ne h-'r l-g T A | | | |

& . . A )
, The resu]ts obta1ned uszng the po]arlty suppressor euA seem to
. suggest that the mutataons wh1ch show almost no metK enzyme act1v1ty ,f'v
(1152 1168) are probab]y ]oca11zed in the structura] gene for S-adenosyl— .

1transferase However, this conc1u51on has - not been proven r1gorous]y

;One cou]d a]so 1pok fdr thermolabil1ty of S-adenosy]transferase s1nce 1t .

' 1s poss1b]e that the suppressed enzyme wou]d be more heat 1ab11e than the :d: .

[P IR
.norma] enzyme 1nd1Cat1ng that the mutat1on occurred 1n the structura] ‘

“‘;gene . Ji"S;f:*fffe”'"'°ba'Lnff;""'°’ 2 “v |
‘J" The ex1stence of amber mutat1ons w1th no S-adenosy]transferase
“Vact1v1ty lnd1cates that there must be another route by Whlch SAM 1s -

‘ produced otherw1se these mutatlons wou]d be lethal Such a pathway

”Aw'hhas been postu]ated by Hobson and Smith (1973) and there 1s some ev1dence

) fp-for the format10n of SAM from s-adenosy]homocys€e1ne 1n yeast (Duerre and

';Sch]enk 1962) If SAM 1s really the corepressor 1n meth1offhr;q:}-fifﬂ:="~

"vf.fsynthes1s 1t would be necessary to assume that only the product oftthe’

*35:dvmetk gene 1s 1nvolved 1n regu1at1on and not the SAM produced v1a adgther

| 'SV“TQpathway, or poss1b1y that pathway produces low amounts of SAM so that 1t

j".f-}’_':’}'-.is available for methylatlon on]y,. On the other haﬂd, 1t 1s conceivab]e

‘ *fthat S—adenosylmeth1on1ne is 1nvo]ved in feedback 1nh1b§¢10n of the metA

| ﬁ5'enzyme and it 1s the S adenosyltransferase wh1ch p]ays a ro"”f
'neifrepression je°f“hf | ”-”5T%‘h”€5§-_5;Tﬂ"f‘¥bn“%“

Severa] mutants ass1gned to the metJ and metk ciasses and

“"iﬂ”pident1f1ed as hav1ng amber suppress1b1e ethiontne phenotype did not 'dyff‘f;)
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exhab1t any change in their enzyme act1v1t1es in the presence of su3
’Spontaneous su” der1vat1ves were obtained for some of these mutants -
and tested for eth}on1ne¢sehs1t1v1ty. The ethionine-sensitive deriva--

| tites,were_assayed'for the‘metc'and metK enzymes, but most‘of'them did
Anot 'show a- 51gn1f1cant change in the1r enzyme levels 1n order to
expla1n’the eth1on1ne sen51t1v1ty It is poss1ble that 8- cystath1onase
.and S- adenosyltransferase were not the best cho1ces and if. all the other?
:jlkenzymes weregassayed there would be one or more with represSed act1v1ty
“which could be rate l1m1t1ng In. th1s case suppre551on would restore
‘only partlal act1v1ty of the repressor and corepressor complex so that -
it would recogn1ze ‘some- but not all of the operator 51tes Nevertheless,
- caution should be- exerc1sed when attempt1ng to correlate the enzyme
levels Wlth the eth1on1ne phenotype It appears clear that th1s may . '
lead to erroneous conclus1ons For lnstance, in the case of amber SR
o mutants re51stant to eth1on1ne, the class1flcat10n appears unrel1able
unless b1ochem1cal ev1dence is presented | . L
'.f~ . A th1rd class of amber ethion1ne re51stant mutants was also

: isolated These mutants do not belong to any prev1ously descr1bed

' category The1r levels of - cystathlonase and S-adenosyltransferase

i,areanot s1gn1f1cantly d1fferent from those in the wild type (Table ll)d{ f*'g*""

-Aand they do not appear defective e1ther 1n meth1on1ne uptake or 1n
7methylat1on of RNA However, there were weaknesses 1n both the uptake}

a:'and the methylat1on exper1ments It is dlff1cult to conclude that the]

","ethiontne spec1f1c transport mechanwsm has not been. altered since onlyjff?‘ |

Bb

labelled methlontne was tested and so far there is no d1rect ev1dence

- ;;that both- compounds use the same permease system,, Hith regard to the rf].;r?"
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methylation assays,.unless a gross undermiethylation of one of the RNA
spec1es was present 1t wou]d probab]y not be detected u51ng bulk RNA
preparations One of the uncla551f1ed mutants (1038) was 1dentified

- as an excretor of methionine when tested for defective meth10n1ne ‘

uptake (Table 13) The excretion of methionine in this mutant 1s
probab]y responswbie for 1ts ethibnine resistant phenotype It is
p0551b1e that a]] of the other unc1a551fied mutants had e]evated poo]s :

" of methionine (a]though they did not excrete 1t) and therefore acquired
ethionine reSistance On the other hand, these strains may have a

' more eff1c1ent degradation mechanism for ethionine than the W11d type yp/
cells. | | ' o | R . .
| In conclu51on, these studies demonstrate that (1) the metJ

B gene codes for a repressor protein most likely o]?gomeric “which

| regulates the expre551on of the methionine genes, (2) this repressorvii.
probab]y 1nteracts w1th S-adenosylmethionine which is normal]y produced
by the metK gene, (3?ythere may be an: a]ternative pathway for S-adenosyl-_iaL
'methionine production“or a different methy1 donbr may be utilized. and -~
(4) an additional ciass of mutants exists in which ethiontne-resxstance :
»f-’is conferred by a mechanism that may not be direct]y re]ated to o

repreSSion
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