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action of -a seconaary mutatlon that’
"without - altering the primary mutatlgn.

cancelling out the action of the first, and thus’

INTRODUCTION
Y . ‘' .
This thesis deals with genetic and biécﬁemicar
] ' " “&l . . . - !
studies bn an extragénic suppressor of a mutation at *

4

the ssd locus in Escherlchla COll~K 12

Suppresslon 1s a genetlc term eferrlng to the

N 5 o

~ e N ‘/’
es¥ores a wild
/

'type or pseudo w;ld type phe?otype to a mutant organlsm'

A suppressed

strain carries two.mﬁtations, the second moaefylng or

7

"suppressing” the mutant_ phenotype. T
4

The\primary tatlon, ssq, stahled here 1s hlghly

4

pielotroplc and is. of

ticular interest because the

explanation for the metabollc diversity of its waripus

plelotroplc effects is not obv1ous. It is hoped that

the study of the suppressor ‘will help to eluC1date the

nature Qf e ssd mutation.

~d
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. .. .Thé Isolation, CharacteriZation .and Map Location of

Al f L ©
4

the 5SD Mutation

s

1

Y
P

~ &

»

. "In order to understand the experlments concernlng
a. suppressor of the, ssd mutatlon, a review of the

) nature of’the sgd mutatlon 1n ltself 1s required.

.

mhe

ssd mutatlon was Lsolated in a transduction experlment'

i

using strain MS845, carrying th%'equally pleiotropic
. ‘ ’ i \

wyb mutation ( 1), as donor and CU1l008 as réQipient

q

using growth with sering as carbon source as a selectlve

marker

The relatlonshlp between wyb and ssd is not

( N

yet ‘well understood (2).

‘effects of ssd arew.

source.

The yarious‘phenotypip

¢

N

v

inability to use succinate as carbon and energy

-

y

e A DKV AT eart 7 g ey

2) inability to grow anaerobically in rich-or minimal

v
®

medium. '
;' + 3) decreaséd growth rate on‘gluFose minimal medium.
T ‘ ' .
A Y § "a very high and noninducible l-serine deaminase
= B activity. ' ’

All these effects are due to a single mutation
., f " o K ]

¢

E. coli 1iﬂkage map between the rha and met B loci.

‘ which+has been mapped‘unequivbcally gt 86 minutes in the

an
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Indication of .a Suppressor of the SSD Mutation . )
' \ ’ » " ’-'-' 1 o '
‘ While doing the experiments designed to locate -the : . j
‘. R cN
* - . - v N 3 .v 3 : ~
:ssd mutation, .Morris (2) found preliminary evidence for -
» . ' . C . :
theﬁfxistence of a suppressor. He uéed’the ssd . o
‘ 3 ‘ . . ¥ T . : i
mutant strain VE2-2.and a s‘train, ‘MAF1/JC1553, that ] ;
. K . ~ : - '
.carries an F episome #140 carrying DNA from 68 to 80 T K
. . o A . - Y
minutes. The strain 'VE2-2 when infected with episome . . ™ :
. . ) - ’ : ‘ . . -
ceuld ufe succinate as garbon source though "thé ssd < {W
N ; ===, .t
L3 i N c o, ) . .. ]
: mutant itself cannot,  Since F' epiksome carried DNA ) ’
L4 B ~ ‘. , . .
. . - . N NS
, from 68 to- 80 minutes only, it therefore’ cannot
cofitribute a functional ssd gene (86 minutés). 1In that ° o
. =T ST, : | )
case, it must therefore carry a gene between 68 to 80
. ' t, - . - [ N
» . . . \J .
) minutes‘whigg.confers ability to use succinate on the o
* . . . . = - . N 4
ssd strain, i.e., by definition, a suppressor of §sd.! ,
N e . . 4
The experiments in this thesis are designed to . ' ’
5 s ) \ ," . , ’ . . ¢
+ confirm the existence of 'a suppressor ahd to-study it. - -
+ Al ! b ' ! . l‘ . . .
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he ° , - . o 3
J—A : ]‘ . —- o - b kK
H . » . % 1 .
. > . . . N
/ T . ' \ ‘ ’ s
/ . . , - c A . “
) * r [ ’ e . .
. Co " : e
' L) f l “ ‘ ) N ) : “,f{," '5: N
- V! . Ny &, '
. —_— " ' M . . E’ ._‘. 1.
< i . b7 , Y . .
: . R DA - ‘ . ..
. . ‘ ‘ . v
L [ . " LA .
. & ‘ S
K . ' C e L, "i?,t"
b 4 & - ::‘ "’
1 . . : ) R i



g

a

g

.” “

~ Section .III
, > : L

o I

y=d

Review on Genetic Suppression ﬂ
0 N ‘ 4 X .
In order to understand the nature . of suppressor

1

mutations areview on suppression is required. A mutant
strain can be considered to have some altered

.

.

mechaniém, e.g. a faulty protein oéﬂa defective
7 trénsportisystem. The suppressor mutation will restore’
. the phenotype to normal. Suppressor mutations are
‘ )

. ) N . fn '
usually considered in two classes, intragenic ~
) . 4 ‘

("internal") meaning that the second mutation is in ‘the

[

3 0 .

same cistron as the first mutation, and extragenic

' ("external") meaning that the .second mitation is in a .

cistron other than the one carrying the first«mutation{*

A
o

\r g . y . .
'~ An intragenic suppressor mutation, i.e., a |
secondary change within the original mutant gene, could

restore the normal phenotype due to a number of poséible

+

mechanisms depending on the nature-of the ﬁrimary :
mutation and how it affects the normal phenotype. A

‘éumber of cases have been reviewed by Hartman and Roth

~ s

» . oy

(3) and some'of these are discussed here.

A3

. Many cases of intragenic suppreéssion have been e
. & : .
reported where the amino-acid sequence of a gene is

bﬁdhgeé;ét some site due to a primary mutation that

changes one of the three bases of a codon.” A .
B v - ,
W, R 4 - ! . . ! . b
: I3 .
. b .
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‘conformation to an active one by some kind of ‘ ‘ \

|t RNA

" residue 80, The. primary mutation changesofesidue

-~

o K "“‘ ’ s 0 5 °
. . 3 v . ._\_ s "’ . L] ! " . ! . v
suppressor mutation substitutes ahother base in the - ' {
4 ' i » « N N [ '

same codon thus leading*to an amino acid-sequence

different from the normal one bﬁt'thewa%tered gene . o i;_

‘product'is partially or completely functional. One
example of this sort has been reportéd by Helinski and’
Yandfsky'Y4) in the E. coli tryptophan synthetase

- S AN o .

A gené. In this case the|primary’or the eoriginal .

mutation alters the triplet coding for residue 210

a
)

leading to a substitution of an arginine (AGA) in place ) v

of ‘glycine (GGA) which produces an ;pactive“enzyme'

protein. ‘A 'suppressor mutation 'in the same codon

changes the: codon from AGA (Angininef to ﬁcz (serine) and’
this Seqaénce‘legds to.the restoration of enzyme . ;H

1
ki
activity. - e .

-

Another possible mechanism of intragenic °
P

suppression could be by a mutation that restores the -

e o kP e e

L]
o

active conformation of thé mutated gene product. - If

the original: mutation leads to an inactive conformation
. ~

of a,gene produc; a second mutation at andther site - ‘

[

' : (l s ’ "
could cause a change that restores the inactive v

interaction between two mutation sites. Abelson et

l

al. (5) have reported many sucQ\?ases in gf coli :

-

tyr X ¢, N e s
. Here the residue 2 mormally pairs with

¢

C T

.

-




-\

™

2

2 from G + A‘mﬁking it unghle to pair with residue 80

\

a new initiatbr\codon. Sherman et al. {6) have

- another AUG codon within the initiator region, thus

.

¥ ‘L
and the t RNA becomes tem erature sensitive. A secong

mutation at site 80, 'from C + U, gnables/@hese twp

|
-~ 21

bases to péir again and thus restores the normal

"fudctioﬁnof~these t RNAS. .

A mutation that causes a change in ‘'the initation

site of the gene making it unéble tp initiate the

translation, * could be suppkessed by a second site

1

mutation in the initiator region of the gené creating

A

¢

reported such a case in yeast iso-l-cytochrome c. The
primary mutation causes loss of the initiator codon

AUG (met) and an intragenic suppressor mutation creates

. A

_restoring - translation. : . '

. , {
. Another méchanism of suppression was ohserved in

cases where the original mutatiaon is a frameshift

' ' ' e -

mutation. . The mutated gene carries e;&her.an addition '
. . ;

. (+1) or a deletion (-1) of one bqsez/ A second mutation:

\
which causes a deletion or an addition of one base will

restore the normal readingﬁérame. If this 'second !
mutation is sufficiently close to the first, thé
product made\may be fugétional and the second mutation
would then be a supRressor.. Such 'a case of‘suppre;sipn\‘
by 'double frameshift mutation has been reported by

v
¢ 1 ?

>

[
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. : h . 7
Bgrge} et al. (7 , 8) in E. coli tryptophane

synthetase A gene. The primary mutation is a frameshift '

mutation that shifts the reading frame in such a way that

-
-

a nonsense codon is formed and therefore termination of
translation occurs.at that place. Another frameshift

mutation shifts the reading frajpe back to normal

°

: . ,
restoring the normal protein. .ow

"I a“futation leads to a toxic or lethal gene

product, an intragenic mutation that eliminates the )

initiator 'region or substitutes a nonsense mutation so

.that either no gene prdduct is formed or an early

»

. termination .of transcription or translation occurs,.

will be a case of suppression. Hartman and Roth (3)

®

have reviewed such a case studied by Barnett et al. .

(9) iqsﬁacteriophage T4. The Brimary mutation in ‘ K

rIIB cistron leads to a polypeptide thatis toxic to

the growth of phage. An intragenic suppressor mdtaqion

that substitutes a nonsense codon leading to an early

‘chain t%?mination has been ‘reported.

These are a few of the many cas€s of intragenic —

suppression.

v

The suppressor of mutation studied in

these thesis is not intragenic as it has béen mapped

’

quite far ‘from the original mutation ssd. e

The intergenic suppressor mutations arepusually

considered in two cla%?es, direct (informational) S
* N 3 ( ! .

N ’
\ L -
) . .
. , .

ey

[T UTNURUSPRE I
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and indirect.. A mutant strain can be considered to -

- have some altered mechanism and suppressor will .either

Yestore the mechanism to normal (direct) or will alter its
. ¢ ¥

; environment so that the altered structure functions

normally or is by passed.entlrely (indlrect) .

\ .
The dlrect suppressors modlfy the amino, acid
Sequence of the mutant gene product. Since these

»

suppressors act directly at the transcr1pt10n4translat10n
1eve1 wﬁ:;e the information is given, they are also
ceiled infbrmationel suppressors. Yanofsky and
S8t. Lawrence in 1960 (10) and Benzer and Champe in

; )
1962 (11) gave a model for molecular mechan;sh of
suppressjion by euggesting that some of the suppression
events could occur due to’élteration in the translation
of the genetic message. This meens that the mutant
gene is transcribed iﬁto a mutant m RNA but the
suppressed strain possesses some mechanism that
translates the altered region of m RNA intoﬁahnormAI
product resulting in a functional protein. The point
mutations that have been found to be suppressed.
externally by such a mechanism include missense
mutations, “(where the mutant codon codes for an

incorrect amino acid), nonsense mutations (where the

mutant codon specifies no amino acid) and frameshift

, mutations {(where an addition or deletion of a base

o -

~:“f;¥ -




&

shifts the normal reading.frame of translation of

thé message). In the case of external suppression of

‘ the mptations that result in missense codons, the

',,suppfgssed strains pnoduce an altered t RNA that can

substitute an” acceptable amino acid at the side of

miitant codon resulting in a gene product with

~

‘functionel sequence of amino acids. . An example of
this kind of suppression has been studied by Hill (12)
EA the E. coli tryptophane syﬂthetase gene. |
The primery mutation chénées a "sense" codon
specifying glycine (GGa) into a missense codon
specifying arginine (AGA): The suppressor‘produces

tRNAgly )that recognlzes the codon for arginine thus

placing glycine at thersite of mutant todon and
brlnglng the mutant phenotype back to wild type.
Many other suppressor tRN}<gg y have beeﬁ reported for
this trp A mutation.

In case of extragenic suppression of the three

nonsense codons, UAG, UAA and UGA, that specify no

amino acid and lead to the termination of

translatlon, the suppressed Straln produces an altered

t RNA that cin read- the mutant codon and places an
Fad .

amino -acid at that site resulting in a fully or

»”

partially active complete polypeptide chain. The

degree 'of suppression depends on the extent of

[ . _‘J



10
restoration, of tertiary structure of the protein by
substitution of that particular amino a¢id. Ans "
N . &
example of such a case has been reported by Kaplan

(13) in°E. COll where a mutated t RNAly can

recognize either of the two nonsense codons, UAA dnd

} A
S

'
)

-

In most of the cases the t RNAs that mediate the
Y . .
suppression have an altered anticodon which endbles

UAG.

them to pair and read a missense ‘or nonsense coden'ip R
the m RNA but in some cases thesensuppressor t RNAs
carry the wild type anticodon and the alterationfis

at some place out side ‘the anticodon region. Hirsh

trp

(14) has reportea a UGA-suppressing t RNA with a

mutation in the stem of the\D-loop and an unchanged
anticodon. ' ' - '
The extragenic suppre551on of frameshift mutation

>

has been reported by many workers. iddle and Carbon

(15) have reported the existence of t RNAgly suppressing
P

a frameshift mutatlon (+l) by having a 4-base

3

anticodon CCCC.

v

- An easy test for recognizing the nature of these
: . ) »

“y ,
extragenic direct suppressors has been developed based

on the idea that the agtrain carrying the suppressor iy -
N

will be able to allow a phage, carrying a specific

kind‘of suppressible mutation, to grow. This test e

~
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ey ey

T A

. . W . ‘ . . K]
-nonsense and missense mutation due to an alteration in

(17) .

. iy 1 .
was performed on one of the strains (KLI@) carryin the
suppressor of ésd mutatibn.. Phﬁge'strains carrying

nonsense mutatlons (UAA, UGA or UAG) and a frameshlft

mutation were tested for growth on the s train KL14. None

e

of these were suppressed by this strain and hence the gsd
suppresspr mutation (su ) is not 51A11ar to these nonsense
or frameshift suppressof.

- - K 0

There have been foynd some cases of direct suppressor
. 3] .
mutations where suppregsion occurs without any alteration

I3

in the t RNAs. In these cases the t RNAs are normal and
the suppressor mutation is in the gene that codes for oné&

of the structural proteins of the ribeéome. An example .

'l

\ . . . ' h .
of such a suppressor mutation is in the ram gene which

suppresses str Amutations {(16). The prlmary mutation
!
str A is id the gene that codes for 30 s rlbosomal protein

J

S12 and results in an ineﬁficiency of suppression of

the structure of ribosome. ‘The ram gene codes for another

30 s ribosomal protein S4. A mutatlon 1n\ram«changes the

.

structure of ribosome and acts as a suppressor of str A

There have been reported many cases of indiretct

fu'pression, i.e. where the mutant gene product is
a . .
formeéd even in the suppressed strain and the

suppressors permit the normal function of this mutant

gene product. Macromolecules in general are

< aQ
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1%

‘sdppreséed strain the intracellular location and

> .

12

sensléive £5'cbanges in their physical environment
such as te@peréture; ﬁH; eﬁcg' "for example’, thé
activity.of'an‘enzyme can 'bé altered by aLteraéion' . S
in the pH or ionic concentrations or by thé presence ' . RS g
of various effector molecules that'influence - —
regnlation, inﬁuctfon, inhfkition, repression etc.
Thus:an adjustmenf of“tﬁe intracellular milieu may
compensate for ‘the abnormality imposed By a mutant.
Various cases of such a suppression mechgnisﬁ have
been réported by Hartman and Rgth {3). Some of N
these reports are discugsed here. c,

An example of such a case of indirect suppression
has been-reported by Suskind and fanofsky (18) in
Neuros tryptophan synthetase ?ene trp A. ' | . \

The primary mutation results in an enzyme protein

L
that is sensitive to inhibition by zinc. In the

concent;aéion of Zn++ is dltered reéulting in a wild
type pheﬁotype.

'Similar éases of indirect sﬁppression are possible
in'cases whére the mutant enzyme is sensitive to

*

some metabolite and the suppressor changes the rates of
. :
of formation of that particular metabolite, thus

alteriné its concentration to a degree to which the

mutanht enzyme is not sensitive. An example of this

-

N

T
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Fi d has been reporteé by Jacobson ané\Jaéobson and Grel}

in 1971 (44,°45) in Drosophila. In this case, the " .

mufant producé%:an~speéific + RNA thaﬁihas an ’

inhibitory effect on the‘trypiophan pyrrolase enzyme. i

The suppressed strains have a mechanism' to elimiﬂate

thésé épecific mutatea.t RNAs.thus—;>;easing ﬁhe

inhibition imposed by these t’ RNAs on tﬁe enzyme.
If'a_mutati;; causes a ch;nge.in the active -7

‘conformation of the gené product, a ;écdnd.mut;tion

that ;an‘restore £he tertiary sﬁgucture of the mutant",i

éene pioduct could bring about the suppression.: g

Nomura (19) has reported such a case of suppression

in a bacterial ribosomal mutant. I%‘thiszcase, two °

pfoteins S19 and S7 co-operate iﬁ‘binding r RNA dufing

ribosomal assembly. The mutation in S19 alté;s the

.Binding'and maturation and another mutation in 87

‘brings back the normal binding properties. ' .
Some cases of indirect suppression have been

_reported where the primary mutation produces a‘pfotein'

or metabolite which is toxic to the cell. The

suppressoxr mutétion eliminages the £oxic protein or

converts the toxic metabolite into a nontoxic product.

An interesting example of such a suppression event has

. been found in E. coli mutants that accumulate C

. [}
phosphate esters of some sugar because of a

s i o e o+
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" . . ‘l ¢
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genetic block fn the metabolism of_that particu%ar

’
f

sugér% The phosphate esters of sugars are toxic when
accumblaﬁed. A mutation that prevents the accumulation
suppresses the toxic effect of mutant. For example,

.

galactose-l-phosphate mutants accumulate the

. phosphate ester of galactose; a sgsond mutation in

galactokinase that blocks another step of galactose

«

metabolism has been shown to prevent the toxic
accumulation (20).. Similarly, Engiesberg et al. (21) '
has reported in E. coli the suppression of an

l-arabinqge mutation that causes toxic accumulation.

l—fibulose l-phosphate by mutation in the

l-ribulckinase enzyme. Many similar examples have

been reported by Hartman and Roth (3) in their review .,

article on suppressors.

Another interesting case of indirect suppression

' has been studied by Guespin-Michel (22) in Bacillus.

"Here the primary mutation is pleiotropic amd affects

°

polymyxin sensitivity and sporulation in the bacteria.

~The mutant is sensitive to polymyxind and defective

in sporulation. The suppreséed strains partially

restores the normal phenotype by making‘an dlternate
>

protein molecule that restores lost membrane function’

and affects catabolic repression but-does not restore

sporulation. .

‘14
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In the -light of this‘informa%ionlthe possible’
. . 9
’

mechanism of ssd suppressor will be‘dlscussed later.

¥

. The mechanism of suppres51on of’ the ssd mutatlon is .

not yet understoodxunrls the ssdfmatat{;n itself.,

.

Howeverq a discussion and comparlson of the nature of

' ssd suppréssion with known suppressors will be made

.

" later. . / / y
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MATERIALS AND METHODS -

< ®
i » ¢

. ) .0
Strains Used: All the bacterial strains used for this

study are dérivatives of E. colik-12. Their -

designations and relevant characteristics are listed-. »

in Table 1. The bacteriophages used and their relevant

fcharacterisgics are listed in Table 2. ©

Throghout this report the gene symbol suflgtands
for wild type and su  stands for the strains carrying . .
3 ype_and . . ying
the supprfessor activity.
Media Used:

Minimal medium: 0.54%‘K2HP0 1.26% KH.PO ' E

4’ 274"
O and 0.001% \CaClz at(

2

¥

0.2% (NH,),50,, 0.2% MgSO,.7H

pH 6.4 in distilled water.
r ’ T
Luria broth: 0.5% yeast extract, 0.5% NaCl, 1%

tryptone in water. / -

Luria broth agar plates: Luria broth and 2% agar.

Recémbination by Conjugation: Conjugation expe;imenté
were done by the standard method described by Miller (23).
Donor and recipient strains were precultured in Luria ’//
broth: for abéut 18 hours, at 37°C and subcultured in ‘
fresh media for ~ 2 hours: Controls were made by plating
dénor and fgkipient strains on selective media, i:e.,
minimal medium supplemented with maltose and nalidixic

"

acid (¥ N3V mal nal). One ml of the culture of the
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. . .~ Table 2 g ' i
. \ / R . L ' s .
4Liét'pf Bacteriophage Strains ‘and Their Relevant k.
¥ X I /’r, '
. Characteristics ,
;
. !
0 {
e/ -
\N ‘ ' v Gene ‘ Nature of
: Strain Affected Mutantion Source
:I »
1) 13 e UAA J. Owen*
2)§JC1926“ ' e _ 117 N A. J. Clark*
3) 'JC1927 e - uea A. J. Clark*
/ . .
.[ ' . ' ' )
| 4) Jc19l2 e < UAG A. J. Clark*
5) J44 e " . frame shift " J. Owen* -
' (+1) LT 5
. I 9 1
;:These strains were obtained from Dr. Herrington's
/ \ collection of phage strains.
i\‘ | ) -
- - ]
L] , ‘. .
. . . .
‘Aﬂ ¢ X " o . \‘
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donor strain was added to the 20 ml culture of the

vrecipient strain in a 250 ml flask. The matihglmixture

was incubated at 37°C . in a water bath. Samples were
drawn at once and at 5 ﬁinutes intervals intb small'
tubes with ~1 ml of normal saline, blended for 10 seconds,
mixed with 3-4 ml of soft top agar (at 47 C), plated on
select;ve medium (+ NIV mal nal) and ‘incubated at 37°C

-

for 2-3 days.

/("\ , a
Transductions: All the transductions were do;:\yitw the

phage Pl-cm (24). Phage were prepared in Superbroth
(25) . The transduction plates were incubated ‘for 4-5
days at 30°C. The transductants were purified and

tested further for unselected characters.

Test for Succinate Utilization: The ability to use

succinate as carbon and energy source was scored on
-

succinate tryptone plates, the methoed of Morris

(unpublished results). Cells were grown on succinate

tryptone agar plates for ~18 hours and then sprayed with
2, 3, 5-triphenyl tetrazolium chloride. Colonies that —
use succinate turn red. Colonies were also checked on

succinate minimal media plates or liquid succinate:

minimal media overnight at 37°C.

-Colicin Sensitivity Tests. For this purpese the method

of»slete (26) was followed.

v

&,

A e BRI




. Assay for l-Serine Deaminase: The assay for 1-SD was

" done by the method described'previously {29). The

-area was then measured.

unit carbon provided was determined by a previously )

i

|

§

; C
24 \

results have been pregented as u moles of pyruvate
produced by 0.3 ml of a 100°Klett Units (KU at 420

filter) suspension of cells in the whole cell assay

in 35 minutes.

Fluoride Resistance: Fluoride resistance was determined
by¢streaking the strain on nutrient agar plates

supplemented with 4 mM NaF (sodium fluoride) and *

incubating at 30°C, or . 37°C for 24 hours. - . ‘\

Kanamycine and Neomycine Resistance: Kanamycine and

neomycine resistance were studied by plating an overmight ,

-

\

“

LB (Luria Broth) culture ingsoft agar on a rich (LB)
medium ates, placing sens?t?&ity,discs on ‘the surface
and T ating overnight at 37°C. ‘The size of inhibi%ﬁ?yj\yjf ‘ !

»

Determination of Growth Yield: ' Yield of protein per i '//ﬂ

:

described method {(30). . . ;
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RESULTS .
-

1. Construction of Suppressed Strains Through

Interrupted Conjugation
The evidence for the’existence of a suppressor of the |

'ssd mutation was found in the following 1nterrupted

conjugation experiment. . The strain MND- l which is a
nalidixic acid resistant (nalR), maltose non-utilizing

. “
(mal A) derivative of VE2-2, was used as recipient .and
f ‘4

two Hfr strains, KL14: donatlng the DNA from 68 minutes
~clockwise and KL298- donatlng the DNA from 83 minutes

ant1C1ockw1se, were used as donors. A selectlon was
* ' . [ . ‘ »

made for nalidixic acid resistant and maltose

utiliz{hg (nalg mal A+) recombinants by plating the
mating culture on maltose minimal medium supplemented

with nalidixic acid and| isoleucine and valine (+RIV

mal. nal plates).  The scheme of the experiment is ' S

shown in Figure 1 and the results are presented in . >

“
i

" Table 3.
o Controls made by plating recipient and donor L
8 ‘ : u

strains oh-sepafate +NIV maltose nalidixic acid plates

showed no growth because the recipient was mal A~ and

the donors were nals Samples taken at 0', 5' and ,
v

10' gave no maltose utlllzlng (mal ) colonies. The »

samples taken at 15' were the earlfest that gave '

v

¥
ro, “l‘
) : - e s e mr e N
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Figuré 1. ,Scheme of the conjugation experiment doné

- . . ' ’ ° - !
. in order to get suppressed strain.
hd
'Recipienta Donorb
A - b4
su ssd§6 nal § X su ssd86 n?l S mal Aqa 11Y84
mal A o4 ilvgy | | . |
’ Samples taken every 5 minutes.
Plated on NIV mal nal plates
¥ < N .
Recombinants mal+ nal R ilvé
. ‘ 74 == 84
Tested for the ability to grow
on succinate
- ‘L
Recombinants mal'.;'4 succinate utilizing
Four tested for level of
N . l-serine deaminase N
. v .
Recombinants malt succinate utilizing
o + and having normal level of
!( v l-serine deaminase
o ‘ , : .

. + - o
i.e. mal74 ssd86 su_ 4

(DNR-1, DNR-2)

,aDonor'strainsused'are - kLl4'(PO: 68+69)
o _ KL228 (PO: 84+83)
o bRecipient strain used is MND-1. ) Co

’

Note: Nimericals after the ggne symbols represent
- t\\ map location. '

26
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maltose utilizing (mal+) recomhinants (24 with KL14 and

49 with'KL228 as donor). By 20 minutes the number of

s

malt recombinants increased cénsiderably in both crosses,
133 with KL14 and 113 with KL228: These maltose’ . ‘.

utilizing (mal A+) recombinants were tested for their -

. ability to use succinate as carbon source .(one of the

P

characteristics affec£ed by the ssd mutation) by §rowing
on succina?e'minimal nedium and aléo'by checking
éucciﬁaté ﬁtilization on succina£e‘rryptone plates
using tetrazolium spray fO{ test. Out of 157 mal+

(in cross with KL14) 48 were foﬁnd tg\ge succinate'
utilizing (Table 3). In the other cross with KLéZB
out of.162 malt recombinants 142 were succinate A
utilizing. Four of these ma1+suc+ recombinants from ’
each cross were assayed for 1;serine deaminase activify
(another Eharacte;isticé of . ssd mutatign) which was

low in all gaées (Table 4). - .

These mallsuc’ recombinants (DNR-f, DNR-2) were

algp tested for the requirement of isoleucine and
:valine, by growing on mipimal medium with and without’
isoleucine and valine; and were found to require these
amino acids for growth and. are, therefore, ilv%4 as

was the’recipient.: : l )

The results of these crosses indicate the

existence of a suppressor mutation located in the

P
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region of mal A (since it is transferr&8 with J’%t) and ,
on the mal A side of ilv84 (which 1s not transferred, ' .
with it in these crosses). The same suppressor seems
¢ - »
to éffect both succinate utilization and-l-serine ‘
. ‘ L 8 ‘
deaminase level. ot
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II. Construction of Suppressed Strains’ Through

Transduction . T

' The experimpﬁt described in the'pievious section -

‘
e v

,suggestediﬁhat there is a suppressor located near”

mal A (74 minutes). If this suppressor was'lbcated:

. X }

within two minutes on either side of_mal'A'it would
béspossible to trapsfer the sane suppressor by PI cm. ‘

/' transduction,’ since PI cm phage can trafsfer about two

- minutes of DNA. That the siﬁpfessor is indeed " ‘ \
. . N
transduced by linkage to mal A is shown in the following , R P

’

" section. - ~ , - : .
The suppressor mutation (su” ) was transduced .from ) ’ o
g  strains KL14 aAé KL228 to the strain carrying the ssd - AN

© »

! '  mutation_gy gréwing Pf}xmphage,on t&e}doppr strains and _ S
selecting’ for maltose utilization (mal A#) using a mal’ P -
A" ‘derivative of VE2-2, MND;ln‘~ E . : Y

The maltose uﬁiliziﬁg (mal\A+).transduEtants were
"screened for their ability to u%ﬁrsﬁccinate as'carbon‘_

- -

source. In each transduction, of 600 mal+ transductants ' i

W AT ATA it WA S e o B8 S st 1 wie e
a

screened only two were able to use succinate (Tab%e 5) .

. : ’ N S
These suppressed strains (DNT-1, DNT-2) were assayed ‘ . A 1

' 4 . K
for l-serine deaminase activity which was found to be . .

. low (Table 6).
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ITTI. Testigg for ssd Mutation in Suppressed Strains

[

e Thersuccinate-utilizing strains described in the
a . -

p{eceeding sections were constructed through
;onjugapion“and transduction.methods and were thc%ght
to be suppreséeq. If these strains are really
o/ ;uppreésed, they éhould still carry the original |
mutatién ssd and one should be able to tréﬁsduCe this
. mutation to other strains. To determine whether the
‘ (

suppressed sirain carries the ssd mutation phage was
. N ., \

t

grown on suppressed strains and used.to transduce the

-} 3 ‘ ssd mutation to a ssd+ host. ' Since the §§g'mutation can

. not be selected directly, a host str;inxihat carried a
mutation‘gézfg ét 86 minutes (which is vefy close Fo the

U ~ ssd lgcus so that the twé loci met B and sédrcould

« ‘
was made for methionine independence (met B+). The

- ¢

—
IS

' » » » -‘ : N i '
‘methionine independent transductants were screened fdr

their ability to utilize succinate (Table 7) and then

N JONN

b " four of the succinate non-utilizing transdugtants

(DNP-1, DNCu-l) were assayed for the level of l-serine

-

e v e

deaminase whicﬁ was found to be high (Table 8).

[ : These results proﬁe that the succinate utiliiing -

« strains described in the preceeding section do carry the
~ ™ "

ssd mutation and that their ssd” phenotype is probably

due to 'the presence of a suppressor of the ssd hutation.

- e

JOEC TR

ws 0 be cgitransduced) ngfused (Figure 2) and the selection

. <
L
T T R
A I{;‘d”m‘“‘. ..4'..&."#-.".;‘3\“ S AN AR R
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Figure 2. Scheme of transduction of ssd mutation from

: s + .
suppressed strain to a ssd strain.
o

e ——

N ]

4 S

Hos£ _ Phage made on

&’ ‘met ng s;d+ Donor?

met BY ssa” su”

-Plated on minimal medium

v

i

Transductants met 827 . 4 ‘ l'

Screened for the ability
to grow on succinate and
the level of 1-sb act1v1ty.

.
¢ 0 v

+ -
Transductants met BB? ssd86
(DNP-1, DNCu-1) :

Host strains used are - P4X met B~ ssd
. ' CU1008 met B~

( ' . . X »

. bDonor strains used are - DNR-1 met B+ sd su.
SR ' DNT-2 met Bt ssd” su”
Note: 'Numericals after the gene symbols represent ﬁ
map location. : _ "1
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., IV. Closer Mapping of Buppressor Mutation ’

: * During the attempts to construct a suppressed, i

~

strain as described in the preceeding sections a 0.33%

(2/600) linkage between the supp}essor mutation and the
mal-A locus at 74 minute was found {¥able 5;. The
’suppressér mutation was shown to be linked to the mal A
locus but the degree of linkage is very low - so low
iﬁdeed that an accurate assessment cannot be made.

In an attempt to locate the suppressor more
accurately, studies‘were made with some other markers :

in that area. However, very few markers are known in

that region of E.coli linkage map (Figure 3).

Linkage with xyl (80) and mtl (79). The strain

: 4274 carries mutations affecting xylose and mannitol ’

utilization. These mutations are xyl at 80 minutes

and mtl at 79 minutes. A ssd  derivative of this
/

strain was used as host to study linkage between

suppressor (su) and xyl and -mtl loci. The phage grown

0

on strain KL14 and KL228 was used as donor. The

selection was made for xylt and mt1* transductants’
separately on plates sﬁpplemented with xylose. and

mannitol respectively. Each transduction was carried ’

- out three times and 500 transductants were analysed

each time. Of 1500 xyl+ and 1500 mtl+ tranéductants,

none were able to u..'succinate, thus ruling out the

s\

/ | : 5

' . R '
e (oo - I TR e R AR T BT - —eswnaed
2 “ + . v -
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" Figure 3. Linear scale drawing of part of the circular,

linkage map of E. coli K-12 showing markers, )

1

of interest. ‘ _ ‘ v

70 = .
§ .
. 71 —
) ‘ 72 = .
{
73 — - -
74 ~
~ aro B .
mal AT
. ~glp RD
I,. 75 —~- asd
" ' . liv H !
Possible locus ‘ 76 - - ) R
—~Ffor suppressor ‘ . )
mutation ' , ' .
— L
. — ) ®
{ T 78 - N |
79 — '
. Xyl
80 <L nt1 cap
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possibility that the suppressor mutation i¥ within two
minutes on either side of xyl80 and mtl79 locus.

- Linkage with aro B,5. To study linkagé between

suppﬁeésor locus and aro B locus, the ssd carrying
strain, MND-1, was transduced with the phage grown on
strain 7017 which carries the marker aro B at 73

K]

minutes using mal A., as selected marker. To this
aro B~ strain, 6N7~1, suppressor mutation wgg
transduced through the phage grown on KL14 and KL228.
.Approximately 800 aro st transductants were'screened
for their ability to use succinate. None of them could
use suc&inatg showing that no linkage exists between

7

aro B and the suppressor mutation.-
N

To summarize, the suppressor mutation showed a low

linkage to mél A (74 minutes) locus in the transduction
experiment. Since thé transduction phage carries a
maximum of twd-minutes of the DNA, it coul& be concluded
that there might be a difference of about two minutes‘
between the two loci. Other expériments to map the

suppressor through transduction showed no linkage with
k.

xylgge mt179 and aro B, loci. An attempt‘to map the

suppressor with two other markers asd (at 73 minutes)

and liv H (at 75.5 minutes) is underway. A possible

23

position assessed with the help of these'results will

.

be discussed latter.
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V. Testing the Nature of Suppressor with-certaiﬁ Known
Informational Suppiessors
. The suppressor mufétion was tested in order to knéw
if it could be idepﬁified with a known informational . -

suppressor. The various phages used in this test carry
the mutations which gould be, suppressed by suppressors.
of UAA, UAG, UGA and frameshift mutations. ' Only strain
'KL14 was tested as it is described as a suppressor Bece
strain (27) meaning that it does not carry any of the
known informational suppressors. Phages carrying a
particular kind of suppréssible mu£ation were drown on

a permissive host (which ié known to cafry éhe suppressor
of that particular kind of mutation), a nonpermissive
gost (which does not carry the suppressor of that ’
mutation) and strain KL1l4 (which carries the suppressor
.og ssd mutation). .The number of plaques formed after

overnight incuba@ion on rich soft agar medium were
counted. The number of plaqzes on nonpermissive host
represent the reversion rate and it much less thaﬁ the
number on permissive host. The results are presentéd'
in the Table §. From the results, it could“be -
concludéd that the strain KL14 is not a permissive_hdst

of any of the phages and therefore does not carry a b

suppressor of any of these kind of mutations.
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" VI Comparison of Physiological Characteristics of

Suppressed, Mutant and Parent Strains

Theivarious biochemical and physiological

characteristi?s between wild type and a strain with
ssd mutation are known térdiffer.‘ These characteri;tics,
studied in suppressed strainé, DNR-1 and DNT-2, include:
l). Grpwth/}ate on glucose. \
2) Growth rate on'succinate.
3) Growth.yield on glucose.
4) Growth and adaptation to use other carbon sources;

rhamnose and serine.
5) 3ésis£ance to fluoride. .
6) Ré§isEance to antibiafics} kanamycin and neomycin.
7) 'Sgnsitivity to colicins.

Most of these characteristics are shown to be
restoréd by this suépressor mutation as seen in the

following description.

Restoration of growth rate on glucose by the

SUppressor.. Strain VE2-2 grows more slowly on glucose

43

minimal medium than does the parent strain CU1008 (2), the

/‘/‘

apparent doubling of the mutant strain being 80 minutes as

compared to 55 minutes ‘for ‘the parent strain CuUl008. A
compafison of the growth rate of mytant (MND-1),

| .
suppressed (DNR-1 and DNT-2) and parent (CU1l008)

straini shows “that the suppressor which restores

.
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growth on succiﬁhte also restores the growth rate on
glucose to approximately normal .(Figure 4). A

" calculation of apparent doubling-time shows that the

suppressor does restore the growth rate of the mutant
from 90 minutes-to, ~63 Binutes which is almost the same
as that of the parent strain which is 65 minutes.

Restoration of growth rate of mutant on succinate

by ;uggressof. The mutant strain MND-1 is unable to
grow on succinate and the suppressor restores the

ability to use succinate as carbon-source. A

'coqpafison of growth rate of C 1608; DNT-2 agd DNR~1
_om succinate minimal medium~w;s done in order to see °
if thekrate of growtﬁ had been restored to~normal. The
results have been plotted in Figure 5. The apparent
doubling time of CU1008, DNR~1 and DNT-2 are 156,
156' and 153' minutes regfpectively. Therefore, it
seems that not oniy the ability to grow but also the
rate of growth on.suecinate has been restored by the

suppressor.

Restoration of growtﬁ vield on glucose. The
mutant VE2-2 has been shown to use glucose less -
efficidntly than thé pareht’strain c 1008; synthesizing
~about 15% less cell mass éer unif glucose.g31). The

\pgsu1§:o£ a comparison of growth yield between mutant,

suppr ssed.and parent strains, showed that the
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Fidure 4:

o

N ! .
< \ !

Growth curves of mutan& (MND-1) , suppressed

'(DNT 2 and DNR-1) and parent. (Cul008) strains

- on glucose (Turbidity of the.cells in Klett

e

units vs. time in minutes).

4 g
¥

b

?:

Symbols: ( @-)

# - . ( O ) for straln MND- 1

straln Culoo8,

N,
. - N
. ( A ) for strain DNT-2 and
(4 ) for strain DNR-1.’
. : . ) '
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.suppressor also restores the efficiency of the mutant
to use glucose to normal (Table 10).

Growth and adaptation to other carbon-sources.

Rhamnose: Strains CU1008. MND-1, DNR-1 and DNT-2

we;e grown 6n rhamnose min%mal medium with and @ithout ‘ ' ®
a l&miting amount (6.02%) of glucose, to compare their
agility to aéaét to growth on rhamnose. The results are
given in the Table 11. All the strains "grew on
rhamnose when supplemented with a little |

B . glﬁcose. Héwevér, strain CU1008 grows with a
shor&er lag period when only rhamnose is present in*}he
the medium, while the mutant MND-1 and both the
suppressed s‘rains DNR-1 and DNT-2 showed a very long

A lag pe}io - This finding shows that!the deficiency in .
ability to adapt fog metabolizing other carbon source’
has not been restéred by the suppressor.

Serine: Strains CUl008, MND-1, DNR-1 and DNT-2 . '
were streaked on agar Ei;teg\;ontaining l-serine as
sole carbon-source. The pareht strain (CU1008) is N

unable to 'use l-serine as carbon source while the

“.

mutant strain (MND-1) can use l-serine as sole carbon -
§ource. . If the suppressor returns this.character to
its parental state, the suppressed strains should be

’ un&ble to uée l-serine. 1In fact suppressed strains -

were unable to use 1—serine7as was the parent. . . '
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Restoration of resistance to fluoride. Strains

CUL008, MND-1, DNR-1 and DNT-2 were streaked on

’

nutrient agar élate with 40 ug/ﬁl of sodium fluoride.
-The parent strain CU1008 has been found to grow and |
\i?rm colonies at this qoncentration of filjoride

while mutant MNé—l strain does not. Both suppressed
strains grew in these_cénditions. 'éherefore, the

suppressor does restore the ability to grow at this

concentration of fluoride.

Resistance to kanamycin and neomycin. Strains-’

[y
A

CUl008, MND-1, DNR-1 and DNT-2 were grown on rich

medium soft agar and a test was done usiﬁg sensitivity

- discs ?f 5 and 30 pugm/ml. The area of inhibitioﬁ of growth
around#the discs was measured after incubating‘ . .
overnight at 37°C. The parent was found t& be gensitivé to
thé drugs and the mutant was quite resistant (Téble 12).
(The two suppressed strain showed a resistance level in l
ﬁetween the parent and mutant, i.e.(fthe suppréssor has
not completely restored sensitivity to the ’

kanamycin and neomycin.

Al

Resistance to colicins. The mutant, suppressed,

and parent strains were tested for their sensitivity
tb colicins El, Ez, E3 and K. The resplts indicate
that all the four strains have eﬁual éensitivity to
colicin El,/ﬁz and Eq while st?é&n Cul008 is

A

AN
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.while inefficiency in adaptation to grow on carben

sensitive to colicin K and the mutant and Fhe suppressed
strains are resistant to colicin K {(Table '13)._, This
shows that suppressor does not restore the sensitivity

\
to colicin K.

Summary of the Physiological Characteristics Studied
. /

It seems, therefore, that the suppressor which’
, 2

restores growth on succinate and the level of l-serine
< 4

deaminase activity to doimal“state restores some of

4
the physiological characteristics but not the others.
It completely restores the growth rate and growth

yield on glucose, grthh rate on succinate, growth on

. l-serine as sole carbon source and resistance to

fluoride. Some of the' functions such as sensitivity

to the antibiotics kanamycin and neomycin, has begen

shown to be.partialiy restored by the suppressor

source other than glucosé, i.e. rhamnose, and
resistance to colicin K are the functions that are

not influenced by the SuUppressor. —

4

54



| o . Table 13 .
. . ' g [N
Colicin Sensitivity in Suppressed, Mutant and
) @ Parent Strains
f 1 :
- N Colicin Senstivity
§ g . |
! Strains El E2 I:‘:3 K
! . .
) »
) ., 1) culoos T ++ +
; S .
\ s . .
2) MND-1 + ++ ++ -
; o S .
' ‘ .
3) DNR-1 o+ +H o+ -
. . . .
+  4) DNT-2 + ++ -
N . N
“indicates growth N
. “ »
N “indicates no growth
’ 1
o 3 ; ' ’
". .
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A
The work reported in this dissertation provides
evidence fqr the existence and map location, around

75 = 76 minutes, of an extragenic suppressor of the

S

ssd mutation in two strains of E. coli K-12, KL14 and
KL228. The biochemical properties of suppressed, mutant’
and parent strains are compared in order to study the

extent to which the various mutant characteristics are

suppressed. The ssd suppressor is compared with certain - ‘

f L]

=

known informational suppressor mutations and appears to

. -
N

work by a different mechanism.

wIhe original or primary mutation ssd (at 86 minutes
. : -

on E. coli linkage map) has been reported to be

pleiotropic affecting many, "apparently" highly diverse . :
characteristics namely, energy metabolism, transport,

, drug resistance and metabolism of l-serine deaminase »

( 2).’ The primary target of ssd mutation has not yet

been defined (31). Two other mutations, plate's

A

' kanamycine resistant mutants (32) and ecf B (26)
4 =

.'mutation, which share some of the properties of ssd
mutation' have been reported. The primary target of"
these mutations is also not known. During the studies

on the ssd mutation, some indication of the presence,

N

of an extragenic suppressor was found. It was hoped ff
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»

, “ o ‘ I L

N

‘

) . e v —"g—w-mm—vm-d, . o
k3 A2 LRI el suty IR ad - A - h.f-m R ;‘“‘,,\”%‘ 2 gl el
¢ T GV G SETICR 2 . . =

& by . \
eh AL Tt B
DS e




o a vk e w4

—

Y

1

L ! £ =
that further studies op theisuppressor might lead to an
1 ' -
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understanding of the nature of ssd mutation.
g,

Suppression of, tHe ssd mutation was shown in two

interrupted matings between F~ MND-1 (nalR, mal A, ssd,

ilv®) and Hfr KL14 and KL228 (both nal’). By selecting

on plates supplemented witﬁ maltose, isoleucine, valine ,;_
and néiidixic acid, both‘parents could be counter selected,
the F because it is maltose non—ugilizing and the Hfrs
because they are sensitive to nalidixic acid. Among the
maltose utilizing (mal+) recombinants, some were succinate

utilizing and had a low level of l-serine deaminase (ssd+

phenotype) . This.phenotype could have two possible
' '
\

reverted back from ssd” to ssd’ and second that the malt

explanations, first that the malt recombinants .have .

L] , . . . L
'+ recombinants carry suppressor (Su) of the gsd mutation,

In the first case the genotype will be ssd+ and in the
second case it will be ssd su . Since the reqpmbinants -~

giving\"ssd+ phenotype" were able to transduce ssd

‘mutation to another strain, it was concluded that they

are suppressed and are of ssd” su  genotype.

The f~ }ecipient used ijf this cross carried an
il!_éa4 deletion. since afl the ma1?t recombinants
still required isoieucine and valing, they have cleariy
not received DNA at 84 minutes from the donor. KL14

\
donates' from 68 minutes clockwise and suppresses ssd

-
’

‘0

ARSI
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without donating ilv A. KL228 donates from 84 minutes

58

anticlaockwise and therefore, must be donatihg a suppressor

anticlockwise from ilv A (Figure 6). These observations

seem to locate the suppressor approximately between

74 - 84 minutes. The fact that ilv A is not transferred
in either cross means that ssd which is at 86 minutes
and therefore on the other pbntransferred side of ilv A,
is algo\noﬁ donated. This.coﬁfirms that KL14 and
KL228‘are donafing.a suﬁpressor and not the functional
gene, ssd. ‘ ' '

The supéressed strains were\also constructed

- ' r
through transduction using same donor and recipient

~

strains. They were also confirmed to have genotype

ssd su , by their ability to transduce ssd mfitation

to another strain P4X.

In the transduction the mal A (74 minutes) locus
was used as selected marker and the supﬁressor was
fouhd to be co-transducible with it, though at a very

L

low frequency (2/609). For closer mapping several
knowﬁﬂharkers around the mal A region- of the linkage
map were used.. None of these showed any linkage when
tfansductaﬁts were analysed. Unfortunately the region
of E. coli chromosome near mal A is not rich in markers

which could be easily selected (Figure 3). The

marker aro B (at 73.5 minutes) did not show any

i N \\ '
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Figure 6. .Linear dﬁ\ying of part'of circular lihkage(map
*

of E. coli K-12 showing points of interest.
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Q\' ‘ . linkage to the suppressor in the transduction’
8
. ) expérlments ,a;mdlcatlng that the suppressor locus is

"‘*\ i ) o~
not’ within® two mlnutes on either msle of aro B marker

i

E . . o N A
i

i

!

:

!

vt "(k73.5 minutes) as the transduc1ng phage can carry ‘a

maximum of 2 minutes of DNA. Other markers used’ to
I'4

o , (‘ BRI map the mutation through transauction were xyl and
mtlwnear 79 -and 80 -;ninutes respectively. The suppressor
could not be cotransduced with either of these markers.'
’ . - ( These results 1nd:.cate that the locus for suppressor ' : ol
E o . mutatlon is not withln two minutes on eisther sidqe‘of“‘ ' S
- the distance from xyl (at 79 minutes) and mt]." (at 80

{
@ . . - . R N \‘{\‘
A . -,

.{nlnutes) . Another marker glg DR in’ that area was ‘not

|
% . N used since“ it is very close to x_na_lt_li and the suppressor - T ‘
. ’ ' ’ . - showed very low ln.nkage frequency to ;_t_\_a_]_.__A. "Pwo other . ) ‘. B
| © ° marker asd (74.3 minutes) and liv H (75 minutes) were” B \
oL not studled and from th&,results J.t, was concluded that -\\; x, .
- 1. _ 3 the reg:.on from 75.5 to 76 mmute.:; might be the loc¢us ' ‘
, T of our interest. a ‘ ' Y
. L . .

h Furﬁher work on the mapping /°f this suppregsor

of ssd mutation is under 'way in our laboratory.

- ) ~'uéing the 1liv H mutation as ‘a.masker. Do
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. o The last part of this work“deallﬁs,with the study .

. o | of the exte‘nt};t\:_f which the various pleiotropic o ,
character'lstlcs due to the ssd mutation are altered

X

/“
By the suppressor tudied here. The selectlon\pfor a

v - suppressed 'strain a\s‘based‘ on the restoration of one

characteristic y - namely succinate utilization.

\The su.ppressed §§:§_ straim grows onﬁsuccinate, as does ¥

"'tl‘xe parent. Does: it then resemble the parent er ti'le,. '

A nputant in the other char:a\cterietics? B 2 ' .
’ ) ‘ In fac,t'the suppressor .t‘ha't-; restores succ:*inate

utilization also restores some of the other ) .

characteristics of the pleiotr.opic ssd mutation but

, not allaef them. Now' a suppressor mutation is itself a

’ ‘ singde mutation and thg‘are‘\'fore should result in a single

\ altered gene p‘roduct. In the pr;sent case this can ndt
bem{:he same éene product as was altered in tlde‘ o"rig‘inal'
Eﬂl mutation because the alte;:ed gene product restores

, v some but not ’all'lthe ssd Iphenetype.. The mechanism of ' '
'aE:t,ion of the ssd gene product 'is not yet clearly ' (.

understood nor is the inter;elmnship between t‘:heﬂ
" highly diverse phenotyplc c&saracterlstlcs affected by .
this single inutat:.on (31) ,"' naﬂ\ely serine and energy
megtabolisnm, transport. and antibiotic resistance.’ By

/ conlidering the nature of those d’ha\r'acters which .are.

1 ' suppressed and those which are not,.l\:perhaps some 3;ight
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can be shed on the physiological consequeﬁces of the ssd
’ ‘mutant itself.

' Among the characteristics due to the Egé‘mutatioﬁ
that are éuppres;ed by the sﬁppreésor mutat%on studied
here are the inefficiency in the use of glucose (as
judged by the growth rate and growth Qield experiments),
ihe ability to use l-serine as sole carbon and nitrogén'

~

" source, the-high level of l-serine deaminase and the £

> ‘ *
. . sensitivity to fluoride\ (Table 14). What could be 'the
nature of the:single gene\product that can alter alf

these characteristics? This might be clear if we: knew

'

the primary factor that relates all these characteristics.

Al

3

The inefficiency in glucose,u%ilizafﬁon and the

‘

. ]
inability to grow on succinate might be due to some

chénge in normal energy metabolism that renders the

bacteria unable to use its energy efficiently or to
{ .

maintain the normal state of energy in the cell.. Several
> _ %pch pleidtropic suc mutants have been reported in

E. coli, for example, unc A; unc B, hem A, ubi D; etc.

o ' (33, 34, 35, 36) (Table 15). !

.Another set of characteristics, restored by this |
Y : L} . o \

‘ ‘ ‘ suppressor’(includes the ability to use l-gserine as N .
o\ N 4 .
carbon source and a simultaneously occurring very high

.

N level of 1-SD. .Normally E. coli can not use l-serine

. " as sole carbon sources . It seems quite likely that the' -

.
. .
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ssd mutant can use l-serine as solg carbon source becagse‘
.it has a very high level of l-serine deaminase that ﬁelps’,
it to break l-serine into pyruvate that could be |
ultimately utilized as a carbon source. How is this
; change in-carbon metabolism related ;o the change i;
energy metabglism? Which one of these two is the priﬁary
target of Ehefégg mutatidn? What could be the common
step between these two metaholic processes that is
affected in ssd utation? These are the questions that .
still have np”definite answer.
The last chafac;eristic of the §§g_mutat;on tﬁat has
been restored is the sensitivity to fluoride. Since ﬁany

mutants  that have defective carbohydfate metabolism give

a low yield on glucose as does the ssd mutant and enolase %

is the enzyme known to be sensitive, to the fluoride an

-~ e, -

. ~~ .assay was done for the total activ%;y and sensitivity to ot : A

fluoride by Newman et al. (31) and no alteration was

. ‘ ‘ " found. Thu; thg\spécific.locus of fluoride sensitivity ¥
‘ in the ssd mutation is not known. - b //P#
‘ - In tﬁe light of this analysis of the’data,,it can .
only be said that the suppressor restores thé g;rbon
P. : ?;;?erine) and energy related .characteristics of the ‘
égg;mutation. The nature of the siﬁgle product that . N
K ’ - can altei all tﬁese characteristics is unknqwﬂ. A “:. - L'. o V;
1 t ;The characteristics due to the §§é:mué;tion that .A, ‘3';”. ‘
b
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are not restored to normal are resistance to colicin
made by strain 28, inefficiency inladepting to growth
on carbon sources other than glucose and resistance to
two amihoglycoside antibiotics - namely neomycin and
kanamycin. However the resistance to the later two
arnitibiotics has oeen partially restored by the

suppressor. The interrelation%hip-between resistance.

to antibiotics and the ability to adapt for another,, ..
‘ carbon source is not obvious et all. - Nothing
quclu51ve could be said about the factors 1nvolved
, ' in the ab111ty of the cells to adapt to an alternate N

source of carbon. It might have some’ relation with e

b ‘ the altered energy metabolism of .the cell since it is

A

known that exhausted cells teke much longer to adapt, ; ' ' H
the exact mechanism ‘involved is not obvious. The \
questlon arises as to how the ssd gene product that : ¢
alters the 1¥ser1ne carbon and energy metabollsm

~ 51multaneously brlngs about the res1stance to these

| . /
: , antlblotlcs and why the suppressor is unable‘%% restore
:

. the resistande to these antibiotics? Th;s part of the

‘, discussion is an.attempt 'to answer these questions in
tﬁe light of current knowadge ebout the action and | , .
resistance of these antibiotics in bacteria. ‘ i e \

The mode Of action of colicins, a protein

antibiotic, is not clearly understood. However, in

o R T R T Sy m B et fpgey ¥ e A 4
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the light \of‘ the itcnowledge‘availabl‘e its action could
"~ be divided into three stages. ' At the first s£§ge the
colicin molecules are absorbed at the receptor molecules '
on the membrane through an energy.independent process. At
~the stage no‘metabolic damage due to colicfn occurs. That
khe molecules remain attached to the sﬁrface was evident
due to the fact that the cells at this'stage can be
rescued from the lethal action of éo}icin by treatment
with a protein degrading eﬁzyme, trypsin, that can not
‘ , \
penefrate the cell membrane. In the second stage the
attached coliciﬁ molecules are transferred into the
cell through an energy dependent procesé (37). In the
third stage colicin acts on several systems'and results
in a decréasé“in intracellular ATP level, inhibition of
many trahspéft systemé, and arrest of macromolecular
"vgynthesis, leading to éhé death of .the cell.
v Plate (?6) has conclu@ed’that the primary target.
of colicin action is to dg-energize the membrane and
this then leads to other intracellular colicin
‘triggeredldestructions. This is based on the fact that
an unc A (ATPase defective mutant)‘mutant which is \
thoﬁ&ﬁt to Kave a defective membrane’energiéaéion system,
'hasla decreasga sensitivity to colicin K. Since it was
' the pfbline'transpbrt (depending on respiration-linked

> 4 membrane energization) that changes drasticélly before
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any other change was ggferved follOW1ng the expﬁsure
to collcin in unc A mutant, he.concluded that the
coljicin acts primarily qz’membrane. By de-energizing
it, it inhibits the transport of proline which is
coupled to membrane energigation,'before any change in
the ATP dependent glutamine transport .or in any other
sys téh ;buld be seen. Plate et al. (37) have also
explained that the differepbe_in sensitivity to
colicin befwéen ngf and unc A is becaqée in ggg+ éellsv\
the de-energized membrane is re-energized by use of ATP

(as they have functional AT?ase)'and this decrease in
N . . i} o [y ! ]
intracellular ATP leads to furtﬁfr lethal effects of l

N

7

colicin;, where as in unc A  cells due to the absence— — —

of active ATPase the ATP is not hydrolyzed andythe '
seconda{y effects of colicin can not be/seen. With
this information about the action of licin various

possiﬁle mechanisms that a cell can velop to resist

S ¢
colicin can be postulated. A varying degree of =

resistance could be attained by efthér inactivating the

colicin receptor or by blocking the energy requiring

~ 4 +

transport of colicin across the membrane, or by

N . . . . .
changing some site or subsite of colicin action in the

cell so that colicin.does not bind anfmo;e or by

making a colicin degrading enzyme. The unc A mutants

show a degree of resistance to the colicin K as a

. &% N R
. N - @

/ K

15
-
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secondary effect of the unc A mutation. .Anqther set of
colicin K resistant muténts stﬁdied by Plate et al. f:
(33, 37) showed a pleiotropic pheﬁotype. Since the’
various pheno.typic characteristics were similar to o
another known peiotropic mutation, ecf«A, that has-~a . ‘ +
defect in some unidentified membrane protein invplved in |
coupling the energy of respiration to the ATP synthesis,
they chc&uded that the‘colizin resistant mutant also ] J,
has altered protein that acts as the receptor of colicin
as well as has some functional similarities witp ecf A
they named these mutants as ecf B (38, 39, 40, 41). The
ssd mﬁﬁant is also colicin resistant and has the same ‘
‘plheiotr0pic nature a;‘, the ecf B (Table 15Y. 1In addition

< ;
it also has a drasticélly changed l-seéFine metabolism, "
a characteristic that has not been studied in egf B
mutants. However, it also maps near 86 minutes and
Newman et al. (31) think that ssd is at the same iocqs 1.
as ecf B and Plate's mutant. They also sgégested that .

the primary target of the mutations is not the “ecf" .

membrane protein but is something linked to l-sér;né

‘and energy metabolism or something entirely different.
Now the question arisqs if the "ecf" membrane pfotein is
not responsible for the resistance to colicin then what . 4 i

¢ . A

is the mechanism of resistance to colicin ih ssd mutants? = . [#

~ v

It could be something that is involved in the energy
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o | dependent transport oflcolicin across the cell membrahe; ‘
perhaps theﬁstate'og energy of thé membr ane itéélf, or
some site of colicin action in the cell.!” Not much is

known about the mechanism of action of colicin in the

cell and an:enzyme degrading the colicin has not yet

» . ‘
been reported. It seems likely that the .state of energy

of the cell that develops due to the:ssd mutation is the
cause of colicin resistance. It seems that the cells

. cargxing the ssd mutation have not been making optimum

- ap .
use of energy {as they have low yield on glucose and
A have a ‘low growth rate too) and perhaps due this low
, : eneryy state of the whole cell, they are unable to carry

N .
. energy dependent transport of colicin K. The fact that

x. a unc A mutant can resist colicin to some extent because
. :

of a defect in energy metabolism further supports the view

that the ssd mutation resists colicin beéause of théﬂstate
. of energy of the cell rather than because of some receptor

111 givf

—better understandlng of ;hls mechanism becaus if its
s Ry
the transport of colicin that is affected it will be

protein in. the membrane. Transport studies

- easy to see if'radioactive colicin can be transported
,;nto 'or on the ssd cells or not.
The suppressor mutatlon 1s unable to restore. the

sen51t1v1ty to collc1n K ‘although it does restore the

carbon me@gbdm;gm ‘and perhaps the energy metabollsm

h;*v;Jm.wg,
BT T

i
\
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too .(as seen by a normal growth rate and growth yield) .

It could be sa1d that the suppressed strains are able to.
| restore the energy state within the cells but areunable
'to-mainsain the energizationﬂéf the membrane,‘heﬁce
' .blocking the energy dependent transport of colicin K

[ )
across the membrane.’

]
-

‘ N
- }( f
' The mechanism of action of aminoglycoside .

?

antibioties have been extens:.vely st?died and seems to
" ) follow the same pattern as does the colicin. The .
k action could be divided into 3 phases (35) .+ The'first S \
phase is energy independe)nt', is very r’apifi and is due

- to ionic interacf;ion ‘of antibiotics with the cell )
‘ surface ‘componenfs. fI‘hinha'se does «not show any letrlx‘al
effect of antibiotics. This is followed by the 2nd o
phase of accumulation of’ antiobietic inside cell 'throt}gh |
“an energy dependent processess sﬁce it is inhibited by
1nh1b1tors of electron transport and oxidativee ‘ T . *

. phosphorylation. The 3rd phase is also ‘energy dpendent } :

and needs susceptible ribosomes and corresponds with

the onseét of the inhibition of protein synthesis and

e : loss of cell viability. Mutants resistant to f‘\J\ ,
i antibidtics have been found to have either a block in \' |

the transport or a no,n-suscé‘ptible ribosome - (42) .

Some strains resist antibiotics by degradative enzymes

. g . ‘ . . . \‘
which are made by .the extrachromosomal segment of DNA i ’_\,r

I - ; . v
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(R-factor)® (43}. None of the genes‘for\gariouir

Hegrading‘enzymes have been found to exist\on the
\ S . <R ' .
E, coli ghromosome itself.’ ®he factor responsible for LT
= - .
transpbrt of drug across ,the membrane '(2nd phase) is’ -
V-

&
nqt yet Ehown. It is known that thlSﬁ?tage of drug i

accumulation’ needs energy from electron transport ‘ >

because hem mutants defectlve in e transport chain

K
’Q

haVe hlgh re51stance to drugs. aSSOC1ated with decreased .
. ' 4 -
acgumulation. When gljen the substance that restores .+

the electron transport chaln, these mntants develop an

P

1ncr§:sed sen51t1v1ty .and accumulatrpn of the drug.

Sinc the unéoupllng agents that d? not block electron‘

transport can also"ﬁecrease the4entry of drug, it seems

'obv1ous that electron transport i‘s not. acting directly e

’

‘.as a- carrler sys%em but only as an energy source. . - BRI +

ey

As the ATPase , unc A ’ mutants have high sensit1v;ty N

¥ - |
and 1ncreased abcumulatlon of drugs the carrler system’ - .

«

clearly does not need an act;ve ATRase of membrane. o

Indeed, loss of act1v1ty causEs 1nc§ease 1n the entry.

' . .
ATPase” mutants with proton hole 1n the membrane 155 © ¢ Ce

. v, . ) Y
uhave decreased accumulation and therefore lncreased’

.o . Y
e

reSLstance to the druga/WEven col;cin k resistant ij*\f

mutants (ecf B\)  have ‘a. decrease in accumulation and u',:j’

3 \

',:5 an incre&se in re51stance to the drugs. Carriey/%or(

. v
varioqs's gars and other‘compounds:structunally
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related to the drugs -are not involved in antibiotic ’ ' \

y s ' -
a

transport since, no competition was' seen when:transport

N

5 - ' studies were done uslng drugs and the other compounds.
, &lnce accumulatlon was inhibited by so@g divalent ions

P , it was suggested by Bryan et ‘al. (35) that probably
' Iy . . -
streptomycin is transported through a carrier that is . .

- 1nvolved in tr3nsport of some ions. Another 1nterest1ng

o ) « fact about the transport of drug is that only the aerob'é

: ' N
(3

energy, -is utilized for the transport since anaerobic , »,
. bacteria are insens@ﬁive to these drugs as thej.are ,
t I3

unable to transport the drug across the membrane.

1 . + . XJ .
. Certalnly ‘the 5sd mutant has an altered energy system that

B

is involved in transport of these drugs but what 1s

that singleyfactor ohanging the whole energy system is -
. . . . - ~

N e not cléar. The suppressor Seems to restore the\cdtbon'

and energy systems 1qp1de the cell to a‘?ormal state, S : _—
i : hut it only partlally brlngs back the: sen51t1V1t& to ’ ; “
. the antlblotlcs.. Why it is sdlls/zgt clear.( Perhaps. ,~' o @:
‘ s  some drug is still transported through ‘that stata of’ ‘ 'u:. .\;
membrane energy br may be drug accumulatlon depends K ; .. ‘.;%

E.J

. o on energy state of both, the membrane aﬂd the - B

‘.
.

Toe *1nsld;}of .the cell. Singe the suppressor\ls brlnglng . ~ ‘ |-

. . N T
!. . TN L PRI

o L 6hly the 1ntrace11ular env1ronment sp normal, the ' R

_sehsitlvity is only partlally res!ored.\u ‘( r

. The uncertalnty about the nature of éhe primaryé
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r target of ssd mutation still remafnsi It does not seem

.

.+ is hard at presemt to express
J

to be a carrier protein in the membrane, as suggested

by Plate et al. (33, 37)'§ec&use it is very difficult

~

. to even speculate a situation where an algeyed'protein r‘
. [

"in the embrane can alter drastically-the l-serine

metabolism in the cell. One can suggest that the ssd
N € .

gene product changes the energy state of ths_inside of

the cgll as well as of its membrane and the suppressor
' 4
,restores the intracellular state of energy to normal but

However, it

.Y, L R
this in mechanistic terms.

is unable

| to do the same‘for ggg membrane,

.In any case it seems ‘that the ssd gene product plays a

. # R
very important role in energy status of the cell.
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