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. | ABSTRACT T
The Map Position of the sdaA and.sdaB Mutations
* and the Cloning of the gsd Gene
in Escherichia.coli K-12 * L

Daniel.J. Dumont . {)
| SR

LY

tn this thesis the map position of two mutatidns resulting

bl

in a deficiency in L-serine deaminase activity have been
determined. The wild type gene of a third mutation resulting in an
. increase inL-serine deaminase activity has been identifiedona ., -

!

‘clon\e and subcloned. "

The sdaA mutation has been located between the lip and ggl_
. genes between 15 and 17 minutes and the Escherichja coli K-12
‘genome. The sdaB mutation has been located to the right of the

metEi163 at 86.6 minutes on the Escherichia coli K<12 linkage map.
, The.ssd genevwas identified’'on a cosmid obtained from D.
. -,
Touati and subcloned to a 3.4 kiTo base pair fragment. This has

. allowed a clase determination of the position of ssd, namely

between the cpxA and pfkA genes.
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" Introduction

" ’
L} o :
~ - . - . \‘

: - The enteric bacterium, Escherichia coli-K-12, fs unable to grow

- . ’ \

on L-serine as" the sole'carbon source (27,28), but will use L-serine

as a secondary source of carbon when grown with a small amount of

A

| glucose (28) The enzymatic actMty responsible for degrading Lo |
L- serine i$ known as L-serine deamfnase (L-SD). It catalyzes the non

-oxldativeoeamination of L-serine to pyruvate: T

b ' | C90H L-serine deaminase -;(,:O.OH o - | R - .
- _ HN-C-H. mmmmmomzoeooooio G50 NHp ¢ 2H0 (1) :
CHZOH,',' . CHg.o . S

' L-serine  -pyrwate - e

14

N »
. . .
’ 5 . s
/ .

When strain CUIOOB ls grown untter conditions known to induce R
L serine deaminase activtty, (e.q. anaerobic growth or growth at - _ f"

‘.42°C). it is able to use L-serine as the chief source of. carbon. ; .
) ' ), ' . ) . . L. ) ) ’ T ’

" Similarly.it can grow with L-serine; glycine and leucine (28). This™ L
' VoL | a SN



.
\

s (26).’

twice that of cells grown with’ llmltung glucose only (28). Thls

L

may be due to an increased pyruv‘ate' suoply made available by:,}he Y
'hlgner L-SD le\lels (26), thougn other' factors may alsobe involved.
That L-SD acti;/ity is apsolulely requireil f orgnowtn on
L-serine was demonstrated b): the characlerizétion of various
mutants f rom strain éUlOOB with altered levels.of L-SD. Strains |
that were selected f on growth on L-serine as the sole carbon source
“had L-5D levels which were 7 to 10 times higher than the wlld type

;-
level (25). These high L- SD levels would presumably deamlnate

i

L-sering at a great enough rate to’ supply enough pyruvate to supponf//

growth. Conversely, mutants unable to grow on L-serine, glycine and

c.’

leutine as carbon sources sshowed a decreased level of L-SD activity -

K)

Although'E. coli K-12 cannot use L-$erine as éele carbon

source, it can use-it as an,auxiliary source When E gQu_K-I2 strain

CUIOOB was grown wlth llmltmg glucose and L- serine itsyield was

-



increase was attributed to ihe dearnination of L- serine wmch

‘ suppltes pyruvate tor biosynthesis and energy. The fact that this
deamtnation of L-serine is not. sufficient to allow E _(;9_]1 to grow '
w1_th L-serine as sole carbon source suggests th;t there may be other

factors other than L-SD levels that affect 'growthfon L-serine as the -

50le carbon source. o S -,

b, ' -

Unlike other degradattve enzymes which are induced by their :
'substrate i.e. histtdases from Klébsiella ag_r_qg_enes and Salmonella
mmﬂ]u[jum and E.:coli tryptophanase (10, 35), L-SD is not induced
-by. its substrate L-serine (24). This is an interesting result, because
one woutd think that synthesis of an enzyme responsible for the
degradatlon of a parttcular compound would be controlled pnmarly

with re.fere_nce to changes in the availability of that compound. -



ro £

\
'

- The iqduction of L-5D ac,t‘.iev’ity does,not follow any such pattern.

L=5D activity is infiuced in reshonse to DNA damaging agents (23)
,suggeating fhat the indyctioalof L-SD is associated yvith-the.Wel} '
studied ’565 system” (17, 36). However it is aiso ihduced with these
factors: growth at 42°C; anaeroblca]ly, upon the addition of 6%
ethanol and m the presence of glycine and leucme (29, 28, 24): The
'vanety, and number of mducers ralses the questlon as to whether
serine deammatlon is the. result of a smgle L-serine deaﬁlnase or

whether there may other enzymes capable of deaminating L-serine,

. perhaps even as a side reactvon

e



Isolation of

Strains which are able to use L-serine as the sdlei?;i:arbon

.source are r‘éadily obtaihéq bitplat‘i,ng stra‘in'CDU.l 008 ontb L-serine
o (253). The ccﬁonies that artse are then tested for some of the
characteristics.of'the ssd mutation‘which are: a map locat:ion near
'metB, the inamw g'row on sgc_cinéte, high levels of L-SD
actigity, increased resistanée to kanamycin and neomyc’i.n, and °
increased sensitivity to uv irradiation: Strain L9ssd w;s isolated in

this manner and shown to possess. the characteristics described
- . P

above. | have shown that this strain is unable to grbw either

anaerobically or at 42°C on glucose minimal plates,'and that this is

due to the ssd mutation. | have subcloned from' a larger plasmid and
. shown tha;’it is located between th cpxA and pfkA genes on a 3.4
kilobase pair (kbd) fragment of the E. coli genome. .

T _ ‘

—s



AN

While ssd mutants can be directly selected, the isolation of
strains def icient in'L~SD activity is more invoived The sdaA

mutation was obtained from a culture of strain Cu1008 that was

irradiated with uv radiation The culture was then plated under

conditions in which L-5D activity should be necessary for growth, i.e.
media suppiemented with L-serine,)giyciné and.leucine (28). Among
coionies unable to grow.on this medium, some shouid be deficient in
L=SD activity.. Strain MEW128sdaA nas isolated in this manner. It
was unable to grow on SGL, was deficient fn L-SD, required thiamine
ah'd was somewhat resistant to bacteriophage T7 (24, 26). Inthis
work- the 551@5 mutation ts'shown to be iinked to genes within the 15

to i7 minute regfon of the E. 99_]1 iinkage map between ]_19_9_ and

' gal-1. The experiments used to map: this mutation suggest the

possibilty that the sdaA mutation is suppressible by the amber

Suppressor, glnV.. The various means of suppression, particularly




‘ - - T
 onsensense suppression, will therefore be discussed later in this '

introduction.

. ,

¢

We were unable to take adVantage of the Mu:Jac operon fusion,”
technology (1.e. Mu::d1 (9)), because of the limfted use of this phage at -

_high'temmratures. The qévelopment of a derfvative, Mu::dX (4), which

L
v

could-be used at highel: temperatures allowed us to use Mu:dX as a . .

~© mutagenic agent. A réview of how Mu:dX was constructed and a
. . . . ’ . {

-

- description of its properties is presented later in this introduction. .

o~

. f . ] ' i - \
StrainMEW1 was infected with a phage Mu::gX lysate Selecting

Mu::dX lysogens as antibiotic resistant cglbmes. These colonies were,

- screened in the same fashion as that described for sggA, i.e.' for-the ‘
o ‘ v

inability to grow on SGL medium.

1 * v
® ~ ' »
“ . . .

§ ct ’ -
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‘Nonsense Suppression -

" mutation may be suppresssible by an amber subpressor ‘g]ny. This

4 the gene and not the regulatory region.

¢

Stram MEWI 91 551@& was obtdined in tms f ashion and was

shown to be the result of a smgle mutation and to have the same -

4

phenotype as MEW128sdaA, a decreased level of l:-SD,, an inability fo

gfow on SGL, an increased resis‘t‘anc'e'tbar;agef'T],,and a requirement. ;

for thiamine(25, 26). .In this work, sdaB was diff erantiai‘e":d fro;n :
sdaA by demonstratmg it to be hnked to chiB, mﬁi and té the 1_]1

gene cluster at 86.5 minutes. o - E,

+

| ——

e e

, L . : ’
Experiments presented in this thesis incjicate the sdaA

could mean that the sdaA mutation lies within the codlng region of

e @

Supbréssion can'be defined as‘-a second lesion within the

mutani’s‘ genome, which allowhs the cell to regain a pseudo-parental or

y -

o
o



parental phenotype. The édditional lesion causing:the sup’pressij(in
may be located in the same gene ( lntragenic suppressxon) or

elsewhere inthe genome (extragemc) (33): e

- 7

An intragenic suppressor is a secon’d mutétion within the same

J

gene and this would allow the proteln coded by that gene to regam

~ qu or partjal biological functlon

| °
2 . '\\ .

.. Extragenic suppression is caused by-a mutation in a second
. n ' . T

Lt
’

gene. Some of these mutations suppress by allowing a functional
product to be synthesized from the mutated gene. This means of
suppression" often involves 2 mutation 'within‘genes that code .for :
proteins which pre part of the DNA transcrintion/translat'ion ' |

machinery of the cell. THe genes usually affected are thosé that code

JF

-

for transfer RNAs (tRNA) (33).

.*



Mutatlons which cause a change of an amino acid spectfying
codon in messenger RNA (mRNA) into one of three terminator codons

UAG UAA and UGA, are called nonéense mutations. These mutations

_P_:,(..,‘ s .
Li = )

) lead to premature termmat)on of“t‘Fé/nslation Suppression of these ‘
~ }Im‘utat‘tons is usually mediated via mutated tRNA's which have altened "_
,  anticddons that recognize these termination codons and insert an |
amino.aeid allowing transiation to continue. This type df |
suppressron of course 1; dependent on whether the inserted amino -
acidallows the protem to perform its blotogical ro]e The three
types of Ronsense mutation are cla531f ied by the codons on which they

act, amber (UAG), ochre (UAA) and opal (UGA).

.
) <

The g'an mutation codes for an altered tRNA which suppresées-
,ambeHnutatténs by inserting a glutarnine residue .. The ginV gene is’
part of :a‘ tRNA operon coding for 7 different tRNAs, located at16 -

. - .

minutes on the E. coli linkage map (22).

G .

4

3
\




. considered to be very polar (14)

e
2 .

11

-

The mutator ef fect of the. tem’perate bacteriophage Mu first

-identified in 1963 (34) has been well studi ed. Phage Mu causes
’ mutatiOns by intergrating into the host genome terminating
tcanscription of that gene and not allowing an intact gene product"-to

. be made(7 14) If the insertion is within an operon the genes distal

ot

to the insertion are also-not transcribed due to the premature
co. .

' termination of transcription Therefore these mutations are -

.
° . an

" By fine structure mapping of Mu insertions into the lacZ gene of

'E. coll, it was shown that Mu insertions were distributed through-out

the entire gene, suggesting that the insertions occur randomly (6).

This randomness should aiiov&one to obtain Mu mediated mutations

©

- within any non-essentiai gene. Phage Mu Ean therefore be usedasa °

mutagen This randomness may not be complete; under conditions that

[2Y
o, S oy

-t



increase the transcription of/a given gene, i. e mduction the
probabmty of Mu msertmg into that gene js decreased (1 4) The main

reason for this is that the transiation/transcription machinery of the

* cell blocks access to the DNA Usually infections with Mu are done in

<@

_ rich media where the c—e'}l's biosynthetic pathways are repressed.

Therefore this is not.usually a probiem (14).

n

- ' - . !

Phage Mu is also,considered’to.be a transposable element (,6).
Upon induction of a Mu lysogen, Mu will initiate 100 of more

tra'nsposition évents before encapsidation and lysis occur(11).
. f: » ) ' ; ) »

- .

The mtegratlon f phage Mu into the host does not requtre all of ’

4 TS
th\eﬂu DNA.inf ormat1

the Mu genome (8) Tms f act was used to constructed aMu-1 lac -

spec1ahzed transducmg phage (8) This phage also carried the

transposon Tn3 whlch carrles a gene that lmparts ampictllm -

res;stance. The phage so constructed, Mu::dl , has the ends of Mu .

-

°bdt only that which is carmed on both ends of



LYl

a
»

[y lysogenic state(4).

\.j\ . - “ | - . -
flanking the lacA.Y.Z genes and the Tn3. The phage retains.the ability

* to insert into the éenome vertually at random (8). The lacA.Y Z genes

iy

"have their initiation site, but are without their promoter. This
-~ truncated lac opéron fs lqcated close to one end of Mu 80 that'if the'
+ ‘ p) ' .
prophage is inserted in the proper orieritation and EIose toa promoter,
- the tnahscyipttoh of°‘t.hese 1a¢ genes is governed by that promoter. By
record’ing the leve"ls of B-ga]actosid_a';e produped by the tneeft under
: 4

various-environmental cofiditions, one can study regulation of the
. . ' ‘ B!

| geng norr'h;ﬁ expressed from that promoter.

e AR ' : * o -
, .~ The.defect of Mu:d1 in the design of the experiment is that the
\ . — .

) Mu::dl 'bhage‘does not f erm stable 1nserts at temperatures above 30°C.

- . <

. This is because the phage has a temperature sensmve repressor

proteln cts, which is responsxble for maintaming the phage in the



In order to co’hstruct strains which could be studied a_t-37"C |
and above which is the -temperatui"e used to study L-SD a Mu::'dl | . ‘
derivative, Mu:dX was made, ln which the transposon Tn9 (whlch

carries a gene for chloramphemcol re51stance) was inserted mto the
B gene. of Mu~dl (4). Sih'ce polar mutations within the B gene of Mu,
callied X' mutattons ehmmate this. temperature sen31t1v1ty (7) and

" reduce the f requency of secondary tranSpostlon (4), strams carrytng

' Mu::dx could be grown at higher temperatures:

6

Phage Mu lysogehs are 1mmune to f urther inf ectlon by Mu The .
nhmumty can be overcome b); mcreasmg the multtphc»ty of mf e'ttton «
: durmg lnf ectwn»whxch then Ieads to polylysogens (14). Thrs
, lmmumty to supermf ectlon IS Stﬂ] retalned by both pl{age constructs )

Mu dl and’ Mu :dX (4). Strams carrrymg only stngle inserts, fe single' ,

mutatlons can be obtamed if the multiphcn% of inf ection is kebt at a .

Clowlevel e o

L

in
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mnimal Medium S4gK2HP0 ) l26gKH2P04,2g

2
~ ‘D

(NH4)2SO4, 2 g MgSO o 7H 0 and 0.1g CaCl at pH7 in’ I liter of glass

distmed water’ (GDW) 3 -

C ’._ ' . B _‘, N ;

Luria Broth (LB) 10 gBacto tryptone Sg Bacto yeast S |
\extract Sg NaclL. n ] lter of GDW ; S L

T

.~

s«mo Medla. As above with either 209/Hter Bacto agar o

.“\

69/ | lter Gelrl te-(KeTco 63002A)

- - ! . [ . . .
13 Gr‘j
. .

v

~ Carbon Sources All tne carbon sources were added toaf inal .- h

concentration of 0. 2% (‘wlv) unless indicated otherwise . .
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'Amino Acid. and Vitamin Supblénients:. when a'minq acid
supplements were.required, they were added to mininial media to the

~ following concentrations:

Histidine . - * "« 20 pg/ml -
"isoleucine - . *ff“‘so e '
4 Valine - : 50, . -
" Leucthe - 20 0
... Arginine .y 50~
. Tryptophan” .. 30 .°
Tyrosine : 25 . )
Threonine - = .- S50 ., - -
Proline -+ B
Methiohine oo 200, T
Thigmine .. = . S ° = ..
‘l]~ .]x X . ' ' ‘-Q,
' Ptyir lysate plates (LB Caglux -~ ...
, , | T

LB solid medium supplemented with t:a(':ﬂl2 and glucose toafinal
, concenfratioh‘ of 2 mMand 0.1% respectively. Top agar (R-top) for

plate lysates contained all the above irigredients with a lower

concentration of agar (8 g/L). L L

k4
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,E

L
]  NIVSBL T.TE.: ! S .

) e T Amount per liter - 8g/liter of Geirite agar

: o 002g isoleucine -
. Coe © o . 0029 valine
; o . .~ 0659 glycine
a ' I 0.15¢ leuctne
. - 20g serine, :
0.01g -thiamine . -
- To this was added 1 ml of each of th}fdnowing solutions per liter -

> f ’, S FeSO 07H20 - SgL
| T NafMooe2H,0 0.1g/t,
;‘ ~ HnCl o4H‘20 cooodegit L e

! | e ‘

' :NNVTTE

ldentlcal to NIV SGk TTE without glycine and Ieucine . -
| A
’ MacConkey Agar Plates: 409 Macconkey agar/uter |
o ' - CarbonSource t002% e

iChlorate Medium:

K4

e ~LBsoItdmediumwith2g/l ofKCIOsaddedafterautoclaving
PR ¢ ‘ o o



%

®
Antibiotics Added to the growth media to the f ollowing final
concentrations: .
Ampicillin - . S0 ug/mi (Mu dX), :
© .- 100pug/mi (plasmid selectlon)
v Kariamycin . t.20pg/mi N
* Tetracycline ' 10 pg/mi
Chloramphenicol ~ . 125 pg/m), (170ug/mi for.

plasmid amplifitation.)

Cal

lutions and Buff
we 100 mM MgSO 'S mM cac1\2 |
;-
20XSSC: © 3MNaCl,03 Mpa Citrate PHT -
" TE T oy mM Tris-HCI, 1 mM EDTA
LBCitrate: 1B+ 05MNacitrate
RNAse A:” Was diss‘oived at- 1mg/ml in 10mM Tris-HCI .

.pH 7.6." The solution was incubated in a boiling water bath for 10

.mins. One m aliquots were stored at -20°C.

~ _ Pronase: Was dissolved at 1 mg/m1 in 10 mM Tris-HCl

- pH 7 ing(ibateq at 37°C 1oF 1.5 hrs. and then stored at=20°C.




", Electrophoresis

L) ,
i

20X Digest Buffer:

(E) Buffer:

40 mM Tris OH

20 mM acetic acid

2 mM Na, EDTA
pHBI - T 7

~ 0.12M Tris-HCl pH7.5

Ligation Buffer:

‘o

0.12M MgCl,

1.5 M NaC|

© 0.5MTris (ph7.4)

o.1MMgCl,

0.1 M Dithiothreitol

10 mM Spermedine

10 mM ATP >

1 mg/mi BSA



2 b

'20XBSA: - 50 mg/mi Bovine Serum Albumin i Tris-HE!

~ 5X BPB Loading Dye:

¥

PH75
50% Sucrose. |
0.125% Bromophenol -Blue

25 stréngth’E Buffer

¢

'MgSO0 @HEPES: 10 M MgSO,, 2 mM HEPES, pH 7.5 .

A
)

CaCl,®HEPES: 50 mM CaCl,, 2 mM HEPES, pH 7.5'

\
Rapi& ‘I‘solat‘io‘n Buffer: ;
| | 5%:Sucrose ?
\ 50 mM Tris- HCI
- 50 mMEDTA
5% Triton X-100
e ,Fi?ltet“ stefilized anq stored at 4°C. - |
v ) ]
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\.'Ly.sjs qufet‘: léb'ml |

e 1875 mi EDTA (0
. 75ml Tris-HCI (M) pH 7.6
' 4sml’ Triton X100 0%
Made to 1501 with GDW, filter

sterilized and stored at a'c.

§
)
)

' “Resuspension Buffer™: so0mt . N e
3759  Sucrose (RNasé Free)

" 75ml Tris-HEI (IM) PH76 .

-

120 m1 ,EDTA (0.5M)
Made to 150 ml with GDW, filter

Jo—

sterilized and stored at 4°C. -



| Pl Plate lysates:

i

Bacteriobhage Pl ﬂr_ used tn this work was grown by plate n

lysate Cens were inoculated tnto S ml of Lurta Broth (LB) containing

&

0.1Smlof 1% CaCL (Ca) and incubatéd at 37°C. Overnight growﬁ'

‘cells were ubcultured by addtng 0:1 ml into fresh LB Ca(5 ml) and

anowed to grow at 37°C untn they were in the exponentlal phase. Of

- these cells 0.2 ml were added to 0.1 m.l of phage'(diluted to

ap'prdximately 10° phage per m1) in small test tubes and allowed to
incubate at 39t(f'for 20 minutes. Two and a half mi of R-top vagar
(kept at. 46'C) were added to each tube and imm’ediately plated‘on L8 -

Ca glucose plates Plates were harvested 24 hours Iater by adding 25

. m) I:E,Ca on to each plate with swirling at every half hour over the

next 3 hours. The liquid portlon of each plate was collected‘in small

- test tubes containing ) 0.5 ml chloroform tCHCIs). Tubes were

~ vortexed vigorously for 30 se_condé, left.at room temperature for 10

v u <.
& . . . B

minutes and then centrifuged to precipitate the eéil debris. The




. .supernatant. which contained the phage, was collected anid stored at

4°C in tubes containing 0.5 m1 CHCly.

-, .

Bacteriophige Sensitivity Tests: . -

. For phage T7, these tests wel’fe done in the sa‘me‘mannér‘ as Pl B

vir plate iysates. For phage MU, cultures to be tested were grown in -

LB with 2.5 mM CaCl, and 2.5mM MgS0, and plated on the same’

medium. -
Bacteriophage Mu cts Lysate~—

oA
The Mu cts Tysogen, CU1008 Mu cts was grown overnight in LB

‘with 25mM CaCl, and 2.5mM MgS0, at 28°C. It was then subcultured

l'(20 into fresh miedium, and shaken vigorously at 37 °C. Atan "

optical density at AS50 nm < 0.4, it was transfered to 43°C for 20 to

f

30 minutes and then returned to a 37°C shaker. When the cells lysed -

R ,
i 1
r +
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-

after 75 mjnuies.‘o.s m1 of chloroform was added. The tube was

vortexed and ceﬁtrifuged to sediment the ceil rdebris. The supernatant .
. ‘Q M . .

was then removed and stored at 4'C over chioroform; -—

y ! - "
P1 vir Transductions: '

BacterigrgfGwn overnight in S m] LB at 37C in small tubes
were centrifuged resuspended in'S m1 MC buf fjl- and starved for20
minutes by placing them on a rotor at 30°C. Of these célls 0.1 mi

were added to, 0. I ml of various dilutions of ‘the particular phage to-

be used. Controls contained no phage. The tubes incubated at 30 °C

for 20 minutes. Of a I M sodium citrate, 0.2 mi was added to each
. tube to prevent fdrther, absorption of P1 phage by chelating the Ca?*

 fons. Three mi df F-top agar-kept at 46°C were added to each tube.:

The contents of the tube were then plated immediately and incubated

at-37°C, until colonies appeared.

~

The results in Table 2 are from two transductions, ail other

experiments use only one transd‘uc{ion.

R4



 culture &Vhen it reached an approximate optlcal density of 0.4 at 600

s
-
» N N
‘>

nm..: After app'roxlmately lzlho'ors incubation, the culture was

L-serine deé_ghlnase assay:

l’

" The l,,,serlne deamlnase dssay wasbased on the productlon of

pyruvate from L- serlne according to the method of Pardee and

.Prestige (28) as modif ied b{/ Isenberg and Newman (16).

¢

Actlvlty was expressed as nano'moles of keto acid (pyruvate‘) e

produced by 0. lml of a’100 Klett umt suspenswn of cells (filter No.

—_—

. 54) in' 38 minutes. AR

- . R
v -
A . ] . : .
- .
‘ ' ; ' ~
. . R u X
. A L. .
v A '
p . -
. . 14 -
. v

o v /
. - Large Scale Plasmid Isolation:

L ]
o

The cultures from which the plasmid DNA was to be prepared

' "L
. were grown overnight ln Luria Broth wtth 0.2% glucose.and antibiottc

If the plasmtd was amphf jable, chloramphemcol was added to the

Al

' .centrif uged and the-pellet resuspended in 10 mi of “resuspension

‘-



buffer”. To this was added 1 Omiof a freshly' prepared 50 mglml
lysozyme solution in 10.mM Tris-HC1 (pH? 5) followedsby 1 0 mi of

RNAase A The mixture was kept on lce for 15 minutes after which

A

4.0 ml of 0.5 M EDTA was added and the incubation on ice continued

P o

for an addition;l 1 0 minutes. Pronase (1 mkl of 20mg/m1) was added
and incubaifed’ on ice for anotherbls minutes. !"ift'een mi of * Lysls,
Buffer ; was added and mixe& by invgrsi:)r{ gently S0 as to minimize
:piasmid shearing. The tubes wgré then centrifuged at 15,0”00' rpm at
4°C for 1 hour and trzuéacleared Iysate,l containi;\g ‘plasmid DNW

' decanted. | ‘ s

°

T . e

" For each 8m} of cleared lysate, 7.5 g of Cesium Chioride.and
0.3 mi o\f\ Ethidium Bromide (S mg/ml) were added The sample was

centrlfuged either 60 hours at 37 000 rpm or r or 40 hours at 43,000

rpm ina ?eckman Ultracentlf uge. The plasmid pNA as removed by

inserting a 20 gadge needie in the appropriate level. The ethidium

. -
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_ bromide was removed from the. plasmid DNA by extracting with |

. _ - . l " .
isopropano) saturated in 40X SSC. 0

Rapid Isolation of Plasmid DNA:

P ‘ B €

o N . .
.
.
. 1, -
L . \ . . 1
.

Ten ml of cells grown either with or without amplification,

were centrifuged at 3, 000 rpm and resuspended lnto ‘6001 of "Rapid '

Isolatign Buffer w1th iOOul of 25 % sucrose in 10 mM Tris-HCL (pHB)

and SOuI of a 10mg/m] freshly prepared lysozyme solution in 10 mM

: TristCl (pQB). This n'nxtur_e was incubated on ice for 1 hour: The

o

tubes were placed in a boiling water _bath?or 1 minute, cooled on ice

_ for I minute and centrifuged for 15 minutes. The resulting mucoid

8

. pellet was then removed wrth a sterile tooth prck The remaining

>

lysate was extracted once with 45% redistilled phenpl 45% 1soamyl

| alcohol, 10% chloroform solution kept at 4°C and.saturated with TE

ﬁ‘\

’ N
‘buffer. The DNA was extracted with ether until the lysate became

in TE buffer: | | ’ - ‘,

¢

clear. The DNA precipitated with iéopr_opanol dried and resuspended .

S 4
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Ethanol or Isopropanol Precipitation of DNA:

L3
To precipitate the DNA'from solution, 2.5 volume of absolute
ethanol and 0.1 volume of 2.5 M ammonium acetate were abded,

incubafe,dgeitﬁer inadry ice ethanol bath for IS:mihutes‘br ag -70°C

" for at least 1 hour and centrif uged at 13,000 rpm for 15 minutes, The |

ethanol was drawn off with a Pasteur pipet and the DNA dried in a i ‘

.
'/‘n\ P
s
B

dessicator under vacuum.

PESS BN ('

Isoprgpanol precip’itation'were carried out in a similar manner ’

using 2 vdl es-of isopropanol and w_éshing the DNA pellet with cold

\

70% ethanol.

} ’ ’ » .
Restriction Endonuclease Digests: -
s .
5’ 3 .
All digests were performed at-37°C for 4 hours using 20X~

b

"Digestion Buffer” éhd 20X "BSA".- The volume of the reactions were.

adjusted using double distilled deionized water. The reactions were

términated by plaéing the tubes in 2 65°C water bath for 10 minutes

L

-



.

. Manrheim", (Bam H1, Eco R1 and Pst 1) and BRL (Hind 11)).

' precipitated with ethanol. **-

(heat inact fvation). . Thie enzymes used were from “Boehinger

L

Dephi horylation of Digested DNA Using C. 1. A. P..

(Calf Intestlnal Alkaline Phosphatse) :

\

One Mg of plaSmid DNA was resuspended to som with 20mr1 ‘.

- ! Tris HCY. Then 0. 14 untts of CLAP. was added and the mixture

incubated for 30 minutes at 37 C and then heat inahgv\ted The : '. s

mixture was extracted sequentially with, a,)phengl\, b) phenol : water-

(1.25:'1), ¢) twice\\viih chloroform and c) ether. The DNA \was*the‘n | e

Ligation Reactions:

%

(%4

24

Ligation mixtures were mixed with lto4 units of T4 DNA
: Hgase frmn 'Boehringer Mannheim and IOX Linker Ligation Buffer and

incubated for 12to 16 hours at 15°C. The reaction was terminated by :

A

heat inactivation.



. turbidity of 50 Klett units and centrifuged at-4 °C. The pellet was |

‘ Transfo'rmatipn:

Y

" Precultures in Luria Broth (LB) were sudcultured, grown to a

‘resupep@ed inS mi of MgSO41HEPES, incubated on ice for 20 minutes,

recentrifuged, resuspended in 5 m! of CaCl,eHEPES and {ncubated on
. [ 1 . . < h

s 0

ice for 25 minutes. The cells were again.cehtrifuged at 4°C and '

, [ -
{ N

resuspended with | mi of CaClz-oHEPES. The-cells were competent at

| this stage. o e

- — DNA was édded—to—the competent cells-which vger:e;incubated

for an additional 25 minutes on ice. The cell sﬁspens’ions were

‘trar{sfer're‘d'to a 37°C for 3 minutes after which 1.5 mi of LB was

. Added and the cells incubated at37°Cfor 15 hours. After this time,

Colonies usually were visible after | day.

0.2 ml of these cultures were plated on the éppropria’te'medium.‘ Two {

coritrols were plated. One contained DNA, but no \cellé. The other

contained cells, but no DNA. The plates were incubated at 37 °C.

r’ : Bt - ¢
»

g



_ Anaerobic Growth: - .
Anaerobic growth was attained in 2 fashions, both with the
“BBL" gas chamber. In the first method , which was used in testing
 L9ssd anaerobic growth, the chamber was f lushed with nitrogen gas
?bf 15 minutes. fﬁe chamber was then sealed and placed at 37°C.

~

Thi\s method did not provide complete anaerbbios'is, as shown by the
anaerobic indicator. 'The second _n“aethod used "BBL, Hydaomgen + Carbon
'Di'oxide generating envelopes™ and prc;vidéd,’a more anaerobic ‘ .
environment as shown t;_y the indicator. This method allowed grdwth
of chlorate resistant strains on complex meditum, but could not be (
used f or L9§_$_q teéts t;epause the parent strain, CU1 006, would not

LY

-grow on minimal glucose medium under those conditions.

-
‘Pej)aration of tolicin El (Col Et1):

The pqocedure for purification ‘of colicin E1 was adapted from

reference (31).
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_ Calculation of Map Distances

From Cotransduction Frequencies: 3 .

t

"The formula used to convert cotransductioh frequency-to map“ ‘

units is(39:  EoTD=(1-t/d)3

Where, "coTD" is equal to the co‘tfansduction_ frequency .

'bet‘ween the two?én'fs, "t", the distance between the-2 genes, and "d"

\ -

" the length of the transdueing fi‘agment. For"transductiohs using phage

N ~ .
P1 this digtanée is equal to 2 minutes,on the E. coli linkage map.
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" Table | ]
‘Strains Used in This Thesis
Strain ' Rel:\:; Genotype and Source -
e Charactertstics @ @ .
. . , h\/““’b
CU1008 < ilvA LS. Williams _
' CUNO0BMetB ¢ ivA metB This Laboratory
|  CU1008Alac 1ivA L8
CU1006 sdaA 11vA - : "(26'),
MEW 1 s_d_a_&::ﬁu::dXily_A ‘ | .(2.,6)‘ N
| MEWI91C ‘ME\QII sdaA, ilvA cured of This work
‘ ‘ * Mu:dX insert, retaining :
- ;,_QQA_mutatign , .~
MEW206 MEW 1 Dpg:Muz0X (24)
181-34 MEW! ser:tuzal * ThisLaboratory
001668 Mugcts 111&, Mu cts lysogen This Labéra‘tg’ry,’
| y cesc 6052 Qxﬂ, metE70, ilVE720:Tn5,  B. Bachmann
| coscaads 2 . L -
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) ‘T‘a,b'le‘l cont'd. g '
Strain . Relevant Genotype and ” Source
e At e
COSC6057 .. ubifdlL, mzrns,\ﬁ‘gaz " B.Bachmann
aspA3l : y ‘
C_G$C‘640'3 lm_e'l_t’E_LQl::TnIO*‘ | S
COSC 4278  gItA, SUDE4d (ginvdd) | foo
CGSC4286 ©  lip-9, swE4d? -
CGSC6054  2snBS5Q:-TnS '
CGSC 4515 e 1lvA* | o "
" C65C 4457 vA* o .-
AI79 HITC txATRS @0
ATT9 | Colicin E1 producing strain 5 Lurfa
DDA-1 V", chlB, metE:Tn10 * Thig work « -
" '4443/6403 transductant ' :
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" Table I cont'd g
" Plasmid . ' .. Relevant Genotype.ar\d. " source "
. o , Characteristics, IR
pST1-2 sodA, COXA, DIKA, D. Touati
\ ‘ - cdh, toi (Amgl)
pSTl -5 beleted for genes ?ivén D. "[oua'ti '
~ forpST1-2 (Amp® . - )
© pDT1-2 *.’slg_qA(Amp"-’(‘ NG7)
pSC101( AmpR)  (AmpR TetR) M: Dubow
PHC79 (AmpR TetR) - D. Touati -
pLCI6~4 © DIKA, cdh, tpi B. Bachmann
L ~{Col E1imm) . . S
¢
..
»

O

- Note: "C6SC" repreéents the Coli Genetic Stock Cenier number. - -

,:_L__#..




Fight of metE at 86.5 minutes (figure #2).

. previously at 88 minutes and is now positioned more exactly by

. m——

Results:

The experiments reported in this thesis are described-in three

4

sections. The first gwo deal with the mapping strategy usedto

‘demonstrate the positions of two heretofore relatively litte studied

'

. : ? . '
mutations: sdaA and sdaB. These two mutations result in similar

phenotypes (26).” It is demonstrated here that the §ga_A mutatiohfis

located in a gene be'twegn the 1ip gene at 14.8 minutes and gal geneat -

. 17 minutes (figure *1). “The sdaB mutation is located in a gene to the

[

| . v
The third section deals with the further characterization and

the. cloning of the pleiotropic ssd mutation which was located

X

-

cloning, between the cpxA and pfkA gene (figure #3).

©
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o’ . i .
Strain MEW}285_dgA is a mutant of CU ) 008 which is unabile to -

" grow on Lrsertne glycine and leucine (SGL) as carborg source. . As the
result of the single plelotropic sdaA mutatlbn stram%MEWIZ‘B
shows very little L-serine deaminase (L-SD) activity anda . -
.' fequirement for. ihja;nir‘e. The experiments that follow‘]oca;ize th\e R

. 5daA mutation to a gene between the l_in (14.8 min.) and gal (17 min.)

genes (Figure 1).

1A D ion of linkage to gal-

4 5

To localize the sgaA mutation, the ability to grow on SGL was
transduced into strain MEw ¥28sdaA using phage grown on strain

9]. Transductants were then tested for the cotransquction of the 4
. \ N -

7
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Figure 1 Linkege Mop
'(from Bachmen,1983) -
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amino 1a.ciﬂd ~require}nents and 5 sugar metabolism def icencies _gf_
strain 4891 . R
2 h

C'ot?‘ansduction of the 4 amino acid requirements was .testad by
plating tran;ductantsl on glucese minimal medium. All 59i
transductants grew, indicat%hg that hone of tha 4 mutations were
" linked by phage Plto qu Slmllarly transductants were tested for -
‘the ability to use S sugars by platlng onto MacConkey agar |

. :

s‘upplemented with each sugar in turn. Al transdgctantg were able
‘ . to use lactose, maltase, -mannitolhan'd xylose. However 20 colonies of
the 591 tested weré unable-to Use galactose. That is, .3’.3% of the
~+ SGL* transdictants also received the gﬂgeqé (Table 2). A
cotransduction freqaency of 3.3%, when transformed to map units,

., corresponds to a 'map length of 1.4 minutes. This locates sdaA

mutation either at 18.4 or 15.6 minutes on the linkege map.
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Table 2 ‘ ‘ - ‘Y

Transduction ?requéncy of Loci 5_@_& and arg-6, hisG-1, leuB-6,
.- metB-1, gal-1, lacY-1, malA~1, mti-2, xyl-7

a

Frequency of

- . Unselected .
- Relevant Genotype Selected”  Unselected - Donor Dist.
Host  sDonor- ~ Marker - Markers ~~ Marker 7 Min!

- . S U ———— — ————— > S S g S T T D - W — e - N —— - I . S W S N W S G S e S G O S Y eh A G -

MEWT28 4891 sqaA’ gal-1~ .. 20/591 (33%) 1.4

sdaA”  arg'his™ ag-6 hsG-1  o/501 (0.0%8) 00
~ ley” met” . leuB=6" metB-1" -
gal” Jac” L -
malml lacY-l malAsl " o/591 (00%) 0.0
_-........_._..__-....-_..;.:..::_...._......__.._.\'.......---......_..._.._..........".._:...._..____.‘....._
*

sdaA* ‘'scored as the ability to grow on SGL plates supplemented
© with® arginine, histdine, leucine, and methionine.
¥ arg his"leu met” scored as the inability to grow on glucose
minimal medium, gal”lac'mal” mtl xyl™ scored as the inability to
metabolizé galatose, lactose, maltose, mannitol and xylose.
' Map distance calculated as described in " Materfals & Methods".

voow

'



18 Linkage’ . .

A 9

.. To.determine whether sdaA was to the. rigﬁfor to the left of

g’a‘H Jinka@e between sdaA and another gene in the area was ‘\) o

‘needed. The gene gltA, 16.5 minuie;i was selected for this purpose.
N # ' A

- Mutatlons in the gItA gene result in a requirement for glutamate (3).

Th’erefor_'e, strain 4278gltA was transduced to glutamate - ‘

'y

- independence With phade grown on strain MEW] 28gdaA

Transductants were tested for. their ability to grow on SGL’ Of 158 -

4278g]_t_A’ transductants tested, 12 were (ma'ble to grow pn'SGL. This

o‘6 vt ' *
7.6‘% cotr'ansquction of sdaA with gItA locates sdaA 1.2 minutes from
~ glta(Table 3) -

. .
. +

-
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. Table 3
ot _ Transduction Frequency of Loci sdaA and gItA’

. IR F_requency of «
. . w:a % .Unselected

Relevant-Genotype  Selected” Unselected®'  Donor - Dist.

-Host ~ Danor * Marker . Markers  Marker . Min.'
7 4278 MEWI2B gAY sdaA” 12/158 (7.6%) 1.2
sdaA” - gitA’- o e A
- ® gltA* scored as the apility to grow on glucose minimal medium
withuracil. ‘ S
‘ ¥ sdaA” scored as the inability to grow on SGL with uracil.
T ! Map distance calculated as in "Materials & Methods".
\, ;— ‘ . ‘. oo - . .,
Yoo
‘ 5;3 , N ) '\ &’d )




The s_d_aA mutation then, is clearly iinked to both gg__]_ and
“gitA However the dlf fergnce between the cotransductlon
N frequen;ies, 3.3% and’7.6%, i§ small. Moreover the number of -
‘ tran'sdu’ctants scored, particulaﬂy in the gitA crhss, is relatively
| small. Therefore one cannot localize sdaA to one side or théother of -~

*

gal-1. Nohetheless the daté-fit better with a location to the left
. /’)

{15.3-15.6) than with one to the right (17.7- 18.4). This could be
clarified w‘ith a transduction involvind a mUtation :in a gene ®ven
farther<to the left of gal-1, in this case the 1ip gene at 148 minutes.
.Strain 1428.6 carrieS'élmutatiOn in the 1ip-9 allele, &hich results in a

5

requirement for lipoic acid (3). ;
S~ | ‘

-
Dy

‘Straiqﬁﬁe%lip-g was transduced to lipoate independence with' .
,phage grown on strain MEWI28§_Q_QA 0f 66 1ip* transductants 48 or

72% were unable to grow on SGL ('T'able 4). This higfr cotransduction
. . <
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Tbled ..
. JTransdiJction Frequency of Loci sdaA'and 1ip-9
. | . JFrequency of
e ' IR Unselected
Relevant Genotype Sglected* }Jnsel'ected" ~ Donor Dist. !
77 Host  Donor Marker Markers =~ Marker - Min.!
. € st . _ C
4286  MEWI28 1ip-9*  sdaA 48/66 (72%) 0.2°
lip-9” lip-9*

J_m_a scored as the abmty to grow on glucose mmimal medium
with thiamine, histidine, proline, adenine.

sdaA~ scored as the inability to grow on SGL with thiamine,
histidine, proline and adenine: ~ - : R
Map distance calculated as described in Material & Methods

'

-

-
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\

-’

frequency located SdaA ‘at 0.2 minutes from lip-9. if 5daA were to
B ] f N

the left of 1ip-9 at 14.6 minutes, it would be more than 2 minutes
away from gal-1, and cotransduction with g'al'~l would be extremely

rare. It seems then that §déA must be to the right of 1ip-9 at a;bout'

15 minutes, which agrees reasonably well with the earlier estimates

- at153and156. . . - B
inkage to asnB .

| The map location of sgaA was further investigated with a
transduction to a gene at 15.5 minutes, asnB. The preceding .
experiments suggest that one should see a very high linkggé between

" sdaA and asnB and this proved to be the case (Table S).

L}

Strain 6054asnB::TnS is def icient in asnB function due to the

presence of a TnS transposon ,in\ that gene. The TnS transpbson _
: * A
confers kanamycin resistance making it possible to select for asng

.

A N

Vd

w

&

d



-

, ' » ! % ‘
Table 5
Transduction Frequency of Loci sdaA and asnB
. ,
‘_':. N -

E ¥ L < . Fr‘eque_ncy o~f‘
e - _Unselected
Relevant Genotype - Selected” Unselected®  Donor  * Dist.

Host™ *  Donor Marker Markers ~ Marker Min.*
MEW128 © 6054., asnB:TnS - sBA® © 20/26(77%) 02
a.s_nﬁ* asnB:Tns
- gdaA” ' .gdaA* . - .

. ¢ v

t

Q_LB_ :TnS scored as kanamycin resistant (growth on LB Kan)
&A scored as the ability.to grow on SGL,-

) )

map distance calculated as described in "Material & Methods".

-

- TS
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o

by transducing strain MEW 1285daA to kanamycin resistance with

. . . \ . 7‘0'4 .
phage grown on strain 6054asnB::TnS. Of 26 kanamycin resistant

transductants, 20 were able to grow on SGL, a cotransduction:

_ frequency of 77% with lip-9, correspondi'ng to a map distance of 0.2 ‘

minutes..

N S
-

These results agree réasonably well with the earlier ones and -
suggest a location to the left of gasnB, but to the right of 1ip-9, at .

around 15:3 minutes. '

&

S : ,
To locate sdaA more precisely, it was necessary to carry out a

transduction.-in which it could be localized with respect to two
~ neighboring genes in the same exberiment.\ This could be done using a

ubiF mutant,"which is unable to g‘r'ow on suécinate and maps at 15.3

. 4
L



.Ta-ble, 6.

- P 2 e

‘Transduction Frequehcy of.Loci sdaA , asnB, and ubif

(«( P
) P | . : Frequency.of |
S ' - o Unselected L
Relevant Genotype Qeleqted* . Unselected" . Donor -~
Host- ~ Donor - ~ Marker . Markers Marker, '
- MEWI28 6057 - asnB:TnS . ‘ ’
. ' - sdaA” WpIE™  104/147 (728)
asnB"  asnB:TnS ‘ - BQATWDIE®  27/147(18R)
sdaA”  sdaA” .. sdaA"wiFt  16/147(11R) 1

- UbiEt  Tubif” ‘ - sdaA’ ubif” 0/147(0.0%).

- . e G S e W W - S VW S " e - o - > T D - - T — - — - e P - -

x ,asnB::Tn3 scored as kanamycin reststant,
¥ sdaA™ scored as the inability to grow on SGL, utzjf_ scored as the ,
lnabiltty to grow on shccinate :
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minutes. Phage were grown on strain 6057 asnB:TnS ubiF and used to
transduce stram MEWI 28sdaA to kanamycm resistance Transductants

were then scored for growth on succmate (g,u_m__) and’ on SGL (s daA)

-

All transductants had of course acqmred kanamycin resistance. |
Of 147 tested, 104 had also acquured ubif, a llnkage of 72%
corresponding to a mnap'distanCe of about 0.2 minutes (Table 6). Tnis
agrees with the publisheo location o6f ubiF about 0.2 minutes from |
250 (3 I a S \

However only 16 strains acquired ggL w;th asnB, ano none
picked up both ubiF aF{J sdaA both from the parent strain. Th)s |

suggests that sdaA is a considerable distance from asnB on the side

- away from ubiF, i.e. around 17.5 minutes,

 This does not agree with the preceeding estimates. The

*

- ,onllowing experiments indicate that the situation is fndeed more

complicated than expected. . ‘ .



" iF_Three Factor Cross #2 -

.

: To mvestvgate this further a recnprocal cross was done takrng
.advantage of 2 further mutations carried by strain 6057 In addition
to the mutatvons described earlier, gp_n__ and asnB, thls strain also
carried mutations in p _g_g_ and asn_a The first, Qagﬂ, resuits-in a
~defi 1c1ency in glucosamme metabolism (12) The second, asnA, by‘
’l.tself confers no alteration in the phemptype. However when a cell
carries mutatishs in both asnA and asnB, it is unable to grow withour \ |
. asparagine added to-the medium (15). - | | .

In this crbss, pﬁége grown on strain MEW"] 28sdaA were used t6
transduse i:'hec ability to use N-acetylglu&\osamine into strain’ o
6057 _qu_, asnB:: T ns, g_.mA, ubif, selectmg on plates containing
N- acetylglumsamme and asparagine Transductants were then scored |

f or asparagme requurement kanamycin resistance and the ability to

&

A\
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use succinate and SGL as carbon sources.

’ ‘;4 N : Of‘ ‘the 203 nag’ tr{ansdu’ctants's'cored,"all were 2snB’ és
L | | judgéd by'th'e;ir al}ih’ty. to grow withoput \aspara‘gine (Table 7). All of
E these Weré also kanamycin sgnsitivg, indicatir)gv that the ins_serted |
transpoéon (TnS) was (Iost aé éxpécted when' the donor gene was
- - acquired. Thfs is in keep_ing with ihe CIOS'e map location reported for
these two genes ‘(3). Simiiarly 275 of the 293 tra;\sductants were
able touse succiﬁate (i.e. ubif? ); also asl expected from the reported
map positions of nagB and GbiF (3). |
; < . However sdaA was'transduced with gggﬁ inonly 13 of .t.he 293
R transductanis. This, like the preceding cross, sugg‘est‘s a location
. well tothe right of pagB, 1.3 mindtes away, ie. at 16.9 minutesq. It is
, - apparent then that‘the two cr(;sses with strain 6057 sugéests amap

' position around 17 minutgs, and all other crosses suggest 2 map
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., 1able 7

Lre TranSductiop Frequency of Loci sdaA, asnB , WbiF and pagB .

/
Frequency of
S . . : Unselected
- . Relevant Genotype Selected”  Unselected® Donor
Host Donor Marker Markers ' Marker,
___________ | .._..-___'___.._____.._..__.%a___-_-_--,?__....-..__......__;...._.._....._
. 6057 ' MEW128  pagB’ asnB’ sdaA* ubiF*  275/293 (95%)
asnB:Tn5  asnB* asnB* sdaA™ ublF’ 4/293(1.4%)
sdaA® = sdaA” asnB* sdaA~wbif™ ~  9/293(3%) -
asnA”™ - ‘asnA’ "~ - asnB* sdaA* ubif” 5/293(1.7%)

pagB~ - nagB
ubiFS -+ ubif?

- — - S S > " o Bl G g e S e D s S S U ST > S GO D ey S W S S — o S T —— - T e > T — T U — - i — - —

" * "nagB* scored as the ability to grow on N-acetylgiucosamine.
¥ SdaA” scored as the inability to grow on SGL, ubif ™ scored as the
inability tq grow on succinate, 3 scored as both kanamycin.
sensitive/and asparagine independent. o ‘

A Y

75
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. post‘iBn nearer i 5.35 minutes: This probl.efﬁ.can be partia]ly"reso}ved" -

I . . o . -
with the hypothesis that sdaA is a suppressible mutation Subject to

the action of an amber suppressor, ginV, which maps at 45.3, rhindtes
near asnB. | This hypothesis is consfdered in detail i/'n/th’e‘ 'di?cussion of
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'Strain MEW1915daB::Mu::dX is a derivative of MEW-in which

| - j_1u::dX is inserted into ’tgwe S‘_an_‘gene, res(ﬂting inanin i;lity' té. grdw }
on L-serine, glyciné and leuciﬁe“(SGL) és comibined carbi)n source:
Thisqutation, like the quA.mutat(en, is pleiotropic, resulting in a
. ; decréa'fsed L-SD level, a requiremen.t for thiamine and thé inabmty to

: LI , . " .
\ . grow.onSEL medium (26). In this work | have shown sgaB is 1inked to

metE (85.5), chlB (86.4) apd the ilv gene clustér (84.5)figure 2)
/ S * .

(ir - ud ‘ _' | . | \ o D . " | . “X'

| o . |
2A Lack of Linkage to arg66, hisG1, leuB6,
metB1, 1acY1, gal-1, xyl-7, mi®Z. malAl

x

L
~

ina transductionjgimilar to the one deseribed for the sdaA
myation in Part 1A, strain r{ﬁ;wm 15d2B:Mu::dX was transduced to

growth on SGL with phage grown on strain 4891. None of thé»489| s,
. N s , . u . L] R .
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L3

mutattons were cotransduced with 59_@5 in the 70 transductants

e ~

tested. Thus §da_& is not closely hnked to any onse genes

emonstration of Li 10 i1

-

-

Strain MEW191 sdaB;;Mu::dX has arequirement for jéoleuc‘ine due

| to a deletion of its iIVA éene. A transduction using st’rain$457 as the

A

"donor of a functlonal ilvA gene was done to determlne if the sdaB

mutatton was linked to jlvA (Exp. ‘t Table 8) " é’\\

- . . . ¢
RN

Of 81 1soleucme mdependent transductants tested F1or13. 5%

" were able to grow on SGL One would suppose that these stratns in

o

acqumng an §_dg_§ aliele from the donor, had lost the insert in sdaB.

b

They should therefore be antibiotic sensitive. However 8 of the 11- '
5daB* strains were in fact antibi'otict*esistant.~ Since they were

isoleucine independent, it seems that the insert Mu::d),(‘must have

~.moved to another location. The sdaB™ {lvA* transductantg were also

[}

; l'\ ‘
A




@

tested f or“antibicét\ic resistance, and 22of 70 were sensitive.

e

0 In this' Cross, the”cdntrols did not show iseleucine-independent
LN

colonies. It seems then that the orlglnal population must have -

‘consisted of 1soleuc1ne reqmrmg stralns only some of wh\ch (8/1 1

T

48/70) were antlblotlc-remstant To be sure that\‘thls was not due to

o

0

some oddity of strain 4457, the same ‘experiment \Las repeated with

3 ¢

strain 4515 as donor (Exp. #2, Table 8) and the same results were

.obtained. © - ‘ ’ .
‘,..

é

Stnce the cultures for the transddctions were grown inLuria

\

the gene during growth of the culture and inserted elsewhere If

\ excision )d'ere accurate, the resultant cells wbuld be sdaB* - lf |t

were inaccurate, the strains would be s_dga . They might be

antibiotic,—sensitive, if Mu:dX did not reinsert or ar;t‘ibiotic-resi'stant .

’
¥ v . -,

if it did.

broth (LB) without antibiotics, it is possible that Mu:dX excised from =

~
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r .
, v .  Taples
: *
[
» " i ' .. . I !
Transduction Frequency of Loci sgaBand ilvA "~
o " Frequency of N
/M | Unselected
Relevant Genotype Selected” . Unselected® ~  Donor o
Exp* .Host Donor Marker Markers Marker B .
MEW191 4457 VA" | scaB’ CAmp®  8/81 (10%) v
© 1 sdaBMu:dX  sdaBt "' saB* CAmpS 3/81 (4®) = -
{117 W 1177 -y . s0aB~ CAmpR 48/81 (S9%)
* © sdaB” CAmp® 22/81 (27%)
‘ MEW191 4515 - flvA*  ‘sdaB' CAmp?  6/103( 6%)
2  sdaB:MudX  sdaBt sgaB* CAmp®  1/103( 1%)
| IvA™ T fvAt L sdaB’ ,CAmp?  79/103(77%) - )
. T © sGaB°CAmpS  17/103017%)
‘ ,*j_l;yA" scored as the ability to .grow on glucose minimal medium .
without isoleucine or val.lne.¥ SUaA~ scored as the inability to grow
on SGL, Presence of Mu::dX scored as chloramphenicol and ampiciilin’
resistance (CAmp®).
) N ! S
y Ay
¢ . K\\Q‘%\h‘ -
' \\\"\H
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. Then, even if 5_Qa5 were not linked to ilvA a percentage of the
j_]xA transductants would be sd_aﬂ the same percentage as had lost

the insert in the orlglnal population. . |
Isolation of a Partially Cured MEW191

S)nce tT}Mu .dX 1nsert is quite unstable it seemeé wise to

select a strain which had lost it by incorrect excision. Such a strain

rd

- here caned nartially cured- would still have a mutation in sdaB, but
wow no longer carrry the msert and so would not be subject to its
moving around in an uncontroned f asmon

To obtain such a stratn, ME’WI‘QI sdaB:Mu:dX was growh '
" subcultured in LB without/antibiotics and then plated onto LB again
without antibi:)tics, 3000 colonies were.testeq for antibiotic
resistance. Five colonies were isolated'which were unahle to grow on

—

plates with ampicillin and chloramphenicol, but still unable to grow

<

=g
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on SGL. They hgd thus losg»the insert withou€ repairing the lésion in
m ' , ' B o
of 't.hose 5 strains; 3'yvgre sensitive to both antibiotics. \‘
waever, 2 wére chloramphenicol resistant and arﬁpicimn sensi'tive. k
Since all were sensitive to Mu as tes;ted with aMu cts iysa‘iée, all had \
" lost tﬁe Mu insert. It seerns likely then that the chloraﬁmphenicol

resistance was due t’o.the ™9 transpbsing from Mu:dX ingp the E §_o_11 4

‘genénj\e.‘ ‘ , . A . ‘ ‘ B ,1"'\
. . \\\ o
Al
- . \
To be sure that the partially cured strain still carried a lesfon ° \ .

Jn sdaB, L-SD was measyred on these strains, grown in glucose
SN

8

minimal medium. All'5 had the low level seen in strain MEW 191
(Tabie '9). Strain 191C was used as the host in the following o

transductions.



-

,© Table 9
- 'I ! ' /7

. L
M hy

ibioti

Strain - * Ampicillin - Chloramphenicot =~ My L-5D'
MEW! S S 19
MEWIST - R " R -, R 5
Semicured ' R . .
A S S -5 5
B S S s 5
- C S S S 5
y D S R S. 5§
' E S R S 5

""
s .

(‘-
- ' .n
N o
. .

: 4, y
¢ +

L-Serine Deaminase févels of MEW1, MEW191 and Semicured MEW191C
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(L . 2D Three Factor Cross * |

)

A]

The use of stra}n MEW191C as host woul& bypaSs all'pﬁ'obl;ems' du'e
tolioss and tr:anspositidn‘of the Mu::dX insgrt. The locat‘ion,of sdaB
- was further tested using a$ donor, strain‘6092 With'a reported
£ |
I minute away from {lvE and trxA being close to metE at 85.3 minuteé
(figure 2). lp’ th_is tranéduction, kanamycin-resistan‘lt s;rai'ns were
selected; and t’ested"for methionine-indep;andence and f (;r the aPthy

to grow on SGL. The presence of the trxA lesion was not tested.

s

rS

0f 66 transductants isolated, 49 were metE”, i.e. 74% (Table 10). |

If the insert was located | minute away from metE, one would not

expect such a high ffequency of cotransduction. This suggests that :

the insert was hot. infact in 1]1& at all, but much closer to metE. :

Mherever the insertion was, sdaB was cotransduced with it in 9 of 66 .

N

‘ genoﬁype of trxA, ilvE:Tn5, m_g;E, metE being)lgocated at 85.5 minutes, ‘

4 f



. . Table 10 -
| Transduction Frequency of .Loci sdaB and ilvE and metE
L ‘ 'A Frequeicy of:
. , T , Unselected
levant Gen Selected” Unselected® Donor "
.Host  Donor Marker, Markers-  Marker
. B . & ‘ - =
~ MEWI9IC 6092 ‘ o -
IVE' ° WETnS  LVETAS  sdaB’mete’  1/66. (158)
sdaB” sdaB’ sdaB’ metE” ~ 8/66 (1Z%)
metE' - metE” - sdaB metE’  16/66 (24%)

sdaB metE™ - 41/66 (62%)

- A T . — . D G} G G B S —— . - G U G = S 0 S e S S G S e G D T D G G P T S S S G -

j_uﬁ :TnS scored as kanamycin repiw
¥ 5daB™ scored as the inability td / grow on SGL, metE~ scored as -
' the‘ inability to grow on glucose minimal- medium
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transductants. That is , sdaB was 1ink88 to an ihsert which is closely

linked to metE.

- Three Factor Cr
The previous cross demonstrated thatnsgg& was linked to metf

and to an insert which was clpse to metE. To further localize the -

" -sdaB mutation, one would iike to perform a.transduction selecting

m_e_tE Tn10 and testing for the cotransduction of genes to the right

.and to the left of mg_tﬁ To do this, an appropriate donor had to be
‘constructed. Tms donor strain DDA- l was made by transducing

| strgin 4443@1_5, to. tetracycline reSistance with phage growh on
“strain 6403 metE:Tn10. Strain 4443¢hiB is resistant to chiorate

when grow anaerobically in the presence of potassium c'h'loratd\

. because of a lesion in its ¢hiB gene: Strain 6403m31£::in|0 has a

requirement for methionine due to the transposon Tn10, which carries

a gene responsjble f or tetracyq line resistance, inserted within its
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| metE gene' Strain DDA-1 therefore has the f ollbwing pnenotype

. metE: Tnlo gn_ﬂ, ie it carries a wnld—type ilvA gene to left and a

gn_ﬁ mutation to the rlght of m g;E

rd .

Phage. grownon strain DDA-1 were used to transduce MEW191C

e

to tetracycline resistance. All the tetracycline resistant -

transductants had a requirement for m’ethiﬂonine, as tested by their

-inability to gsw on minimal glucose medium supplemented with

isolegdné and valine, and their ability to grow when methionine, was

[

_ added. This confirmed that the metE gene was transduced with the

: I | o
transposon inserted within it. Of 165 tetracychine resistant -

‘transductants tested, 21 were isoleticine independent, 1.e. 13%, which

< .

corresponds to,é map length of 1 minute between ilvA and mé;'g (Tabl:e

11). This agreed with the published distances between these loci (3)."

: Sevenfy-seven of the 165 tested were able to grow anaerobically. in

the presence of chorate g_mB_ 47%. This corresponds toa dlstance

of 0.4 minutes which is closer than the published dlstance of 0 7

‘
I



minutes (3). The difference between the pbbﬁshed distance and the
.. one obtained here was not great ehough}_p create any concern

& .
considering the relative statl number of colonies tested.

The a.bility to grow on'SGL medium, i.e. sdaB*, was cotransduced - -
with‘the metE:Tn10, 19% (3Q/ 165, Table 1 1), which corresponds toa
- ap distance ?f 0.9'minutes. Since g_m_a);vas cotransduced 47% with
i_«iﬁ_, it must be closer, to met than sdaB, Then sdaB must be fothe
Eight of g_h_l_B_, (86.3 minu;es) and so cotfansduction of sdaB with ilvA,
which is ldcatéd at 84.6 minytes shouid be rare. This was the case,
, l_l_\_/_A_ was cotransdiced with ﬁ‘\ﬂa%égthe time, which agree(s‘mﬁ |

. reasonably well with a sdaB map location to the right of chiB.



Table 11

Transduction Frequency of Loc‘i SdaB and jlvE, metE and chiB

A ]

67

B : ‘Fréquency of
S - _ : Unselected
' Relevant Genotype Selected” Unselected® Donor
Host  ‘Donor Marker  Markers Marker
MEWI191C DDA-1 )’m_g_tﬁ Tn5 UxA sdaB* chiB* . 0/165 (0.0%)
s0aB”  sdaB' .- . ° lvA"sdaB' chlf® = 2/165 (1.2%)
metE"  metE:TnS . ilvA"sdaB” chIB*  18/165 (11%)
J117- W 1177 A llvA" sdaB™ chlB™  1/165 (0.6%)
~chiB® - chiB” , VA" sdgB" chiB®  9/165 (5.0%)
' m‘gg_aa QL_E' 197165 (12%)
ilvA™ sdaB” gb_l& 61/165 (37%)
\ " 1lvA™ sdaB” chiB~ 55/165 (33%)
" Cotransduction Fequencies
- Between Selected and
. Unselected Markers
metE B 11'7. _21/165- 13%
- y 3 metE ‘ chig. . 77/165 47%
= .. metE - " . sdaB - . " 30/165 19%
.--,---..-a-----—-.-_----.._..----..---_--._-\.-\ --------------------------------
* metE:TnS scored as kanamycin reslstant and as methionine
requlrlng ’
¥ sdaB* scored as being able to growgn SGL medium ilva’ scored as’
S ‘ the ability to grow on glucose minimal medium, chiB™ scored as the
T - abinty to anaerobically on LB+KCIO3 medium.
N . # _& ' ! b 3

A

R
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2F Possibility that sdaB was in trxA

568

Ce L

- o g

. ." Extracts made from strain MEW 1.9 1 gdaB:-Mu:dX gfown in glucose‘,

minimal medium supplemented with thiamine were showq to have'no

e

L-SD 'a‘ctiv"ity.' However when the assay was done.in the présence of -

2 4 :

" iron (Fe) and dithiothreitol (DTT), L-SD activity could be obtained

(24). This indicated that the strain was deficient in an activaiing
¢ ’ -

- system. Becausé iron and DTT are strong reduc'ing‘agent's; it would

-

LI
~ .

ribonucieotide, sulfoxide and sulfate in E coli( 13). -

seem that the‘activatign'proéess may involve reduction. One p‘r.oteinl‘ .
‘, Y N '

which'is involvgd in the reduction of proteins to their active form is

thioredoxin. Thioredoxin is involved in‘the reduction of .

¢

.

AT
15

[
. 3

1

o

_ - Y
Forthe lytic bacteriophage T7 to replicage in vivo it requifes

the product of the'host trxA gene, thioredoxin (2, 19). Thioredoxin
bjhds to the phage 77 dene 5 bqoduct and converts this product to a
DNA polymerase (2). Without E. goli thioredoxin, phage T7 is.unable

{1
o

¢

¥

4

.
v

7h
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to propagate. Thioredpxin mutants are thereforeresistant to phage .—-

9

»
S ¢ . ?
— s B i
. ¢

- ‘ . . . ¢ /

. b ¥ . ‘

Thiov_x'in is glso required for filamentous phage assembly

T7infection(2,-19. . - -

430), The gene prevfousl;f ideptirAed to be associated with this was -

i ; ‘ a o - S, ‘ o \ ) .

> called, fip, which was later shown to be an"allele offtrxA (18)..
L€ . ’ o

4

-

The"thioredoxin gene, trxA, inE. coli-is Jocat'ed at 83.5 minutes

L3 ) A‘}} o
* S - 4 . .
:’, onjthe E. ‘g_Qu)],tn'kége map (3,19)." Thts-was in the same area where ﬂg

[0

B mutation was originally thoyght to be. It seemed possible, then,

“ ,A - . SRR . ~
that sdaB was an aliele of trxA / , . :
’ - Lo

ol

-

.- ‘ ) . ) ) )
To deterine whé{her the sdaB mutatjon.conferred phage T7
‘ ; | Y

. Al .

- resistance, strains MEW}IQianQ::Mu:;dX,MEWI9'|C sdaB, 6092trxA,
~ 4 ¢ NCY . .
' A-179fip:TnS, ‘MEWI28§_d_'laA, MEW206Q&::MU::GX, I#—Mg_e_rA:‘:Mq dr
L ' N ) I Y R oo
and MEW] were piated with approximately 2000 phage T7 particles.
L , A \ . —_

, 3 Strains 6092trxA and A-179Lip:Tn both garry mutations within trxA

,"'A_”?._- .:’ ", l . ) ’ . "

P

“-;Jv
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“{I 8). No plaques were formed on these stra%ns. Strains
MEW1S 5B Mu:X, MEW191C 52 and MEW 1 285daA aliowed the - |
formation of very few (zQOO) and very small pLaques. %his was also
true however of two strains with phage Mu inserted else where in the
genome., Strain 181-34 _s_Q_A::Mu d! and stréip MEW206 pps:Mu:.dX,
gave abom{t 300 larger plaques. Only MEW- l‘fwhich contained no
insertion was cbmp};:tely lysed (Table 12).

lt’ is cleap that any MQ inse'rtlion, Mu di or'f'.lu::dx, confers v
c'onsiderable resiétance to phage T7. Howegeér it ﬁeems'that both tr.\e

daA and sdaB mutatlons confer phage T7 resrstance mdependently,

.—.—-—-

\
since MEW191C (whi'ch has lost the Mu insert) and MEW128 (which had

V4 .
,rione%/ce both phage T7 resistant. However neither strain was as

. 1 LN
résistant as the trXA mitants. - . »

. . (’
To detgrmine if the increased resistance to phage T7 and the

- inability to grow on SGL medium \Na/srr'&ated to a thioredoxin

.
~ . . )
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4

oo def iciehcy, I was lucky to obtéiﬁ from M. Russel a plasmid, pPFM-5,

carrying the trxA gene (30). This plasmid was transformed into

A . ‘ K
strain MEW191C and the ability to grow on SGL medium was screened.

Of the 52 t?traqy,cline resistant transformants t‘esied, none were able
‘ % to groi«) on SGL-One of these transformants was then aiso shown to be

. | . ;
resistant to phage T7 (Table 12), This would seem to indicate that -

1

the sdaB mutation is not within the texA gene.
. S .
"[o insure that the plasmid, pPMR-5, carrigd the trxA gene, the

plasmid was transformed into 'strain 6092 trxA. One of the
. < ‘

6092(pPMR-S) transformants was then tested for pﬁage 17

a

. ' sensitivity as described above. The~transfo t was completely .

’

lysed {Table 12). This was a good indication that the piasmid carried

v 2 : .
the trxA gene, and was not at the same Tocus.
P
’-\ :
g
v 5
Ll | .



Table ‘12

‘ Sensitivity to Bacteriophage T7 of Strains 6092, A-179,
MEWI91C, MEW191, MEW1S1(pPMR-5), MEW128, MEW206, 181-34,

MEW=1, and 6092(pPMR-5)
Strain | ‘ Plaques"‘ ) Size™
. , . &

6092trxA 0 : - -
A- ‘79112Tn5 N . 0 -, ‘ , l —’-‘-- -
QMEWI9ICsdaB - 200 .
MEW1915daB:Mu::dX 200 +
MEW191sdaBMu:dX(pPMR-5). . 200 +

MEW1285daA . 200 +
MEW206pDs:MuzdX, 300 e } .
181-34serA:Mudl 300 e
MEW! S R —

6092LrxA (pPMR-5) - L -

T oL ConfluenbVysis. . - .
* Size of plaques: +, small, | mm diameter, +++, 3 mm in diameter.

. ' ' ' v
- + ' ..
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The gsd mutation has been mapped at 88 minutes between}m L

'

anng_e_tﬂ on the £. coli-linkage map (21). lt_\ this work, cloning

techni“ques have been used to Iocéte 5sd more accurately, between the

CpxA and pfkA genes (figure 3).

I - J { . 0 -\h.). / . ) \ . .
r Char ri n of Ph . , »

~

Strains carrying the ssd .rputation differ from the parental
| :

strain, CU1008, in many ways. They can use L-serine as the sole
* carbon source, are unable to use succinate.or to grow anaerobically, .

” , l .
have a decreased efficiency in‘the derivation of el material from

i

/7~ glucose, an increase in H@ine deaminase levels, increased
resistance to kanamyciﬁ and neomycin and a deficiency in proline
. . L YN

. «ransport (27). In this work l}‘describe another trait due to this
> . mutation, the inability to grow at 42°C on glucose minimal medium.
A : |

-~
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86.5 fhend

Y
Lmkage Hep From 88 to 88.5 minutes 8s revised
by Albin & Silvermen (1984)
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Strain L9gsd did not grgow on glucose-minimal agar incubated at 42°C,

though its parent, strain CU1008 did (Table 13). Both strains were

A ' S
able-to grow at 42°C on LB plates. ,

.S . If.this inability to grow at 42°C were due to the ssd mutation,

then s ains which reverted to s_s_d phenotype should also be able to

U

ﬁ?ow at 42 °C. To test this, sutcmate*utthzmg denvatlves of strain

€

L9 wereﬁlected, and tested for their ability to grow at h‘i/ghe‘r‘

—

N\ L4 C
temperatures.

N
Of S such independent succinate-using derivagives L9s§d5ucc*

A-E, four (A- D) regained the abmty to grow at 42 Candto grow under

¢

)aeqmic conditions They had also lost the ability to grow on
i,

L-serine as a carbon source (Table 13): This shows cleaﬂy that

~

growth at 42°C can be.restored by the ‘sarmie mutation that restOred '

‘the rest of the ssd phenotype.



76

Table 13

—

- e

Charactemsncs of CUIOOB L9ssd and L9ssd Derivatives Able to Grow

on Succinate ~
Qroifv'g,h Conditions
M{« . ;2'(: Anaerobic Succmate L-serine Type of
, Suppression :
- CU1008 & 6 6. No -
L9ssd NG N6 N 6 —
L9ssd(Succ’) o ; o o
A 6 6 6 - NG Intragenic
B 6 6 6 NG ND
c. ‘ 64\ 6 6. NG ND
D | 6 6 6 NG~ Intragenic.
E . w6 NG 6 . 6 . Extragenic

symbols “G, WG and NG" represent growth, weak growth
~and'no'growth at 42°C respectively. “ND", not determined.

- Anaerobic and 42°C growth were tested on glucose'"mimmal

: medium :

wm——t
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The fifth osucclnateluslng strain was quite different. It
retained much of the ssd mutant phenotype, while acquiring the -
| abtlity to grow on sqccinate. Thus it did not grow anaerobiclally, ner
did it gro‘W well at 42°C. It retained tlle mutant ability te grow wlth
L-serlne. Thus the ability to‘use:succina{e could be restored in two

ways: in strain E, without restoringthe entire phenotype, and in‘

) strains A-D, with complete restoration.

The mutations which restored succinate utilization to

L9ssgSucc’ A-E. could be located elther within the ssd gene
(mtragenlc) or in some other gene (extragemcl A strain whlch
- carried the extragenlc suppressor would still carry the §__d mutant

v

allele, and could donate it in a transduction to a strain carrying a

-

metB mutation, ssd being 33% Tinked to metB.

To test whether they mlght carry an extragemc Suppressor,

}age grown on strains L9§§g5ucc A,D and E were used to transduce :

£

.
‘s,),\

S~



‘ e

cut Obsﬂetﬂ to methionine independence. The tran,sqjuetants were
then tested for .Agroyvth at 42°C, Of203 such transductants usino ’
phag'e grown on L9ssdSucc’ E, 54 carried the ssd mutation. However |
arnong 75 transductants from phage grown on L.‘Js_s_QSucc+ A and'40“
from strain D, none showed the 55d phenotype.

4

it ts clear from the preceding transductlons that strain
o
L9 ssdSucc’ E carrled an extragemc suppressor which restored only
part of the phenotype, ability to grow on_succinate, Strains
4 . . .o . »

L9ssdSucc* A, and D however carried secondary mutations in (or very -

near) the ssd gene. Since thesﬂov)ic SUppressors rest?red

growth at 42°C as well as the rest of the phenotype it |s evident that - -

growth at 42'C IS governed by the?s_q gene as is the rest of: the ‘

A ™

phenotype Growth at 42°C being panticularly easy and raptd to test

it was used in the f ollowing clomng experiments to test for

s .
[ R -. S

o complementatwon of the ssd phenotype
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The plas;raid pLC16-4 from the Clafk and Cart?on collection (9)
carrfes the E. coli, n_rLA,ggm, and tpi:genes and also a plasmid gene
imparting colicin E1 immunity (32,36) (figure 4). THese three génes
are located in the same region of the E' coli Iinkatje map as the 5_sg |
gene It might theref ore also carry the s%q gene. To test tms strain
L9gsd was transformed with plasmid pLC16- 4 and collcm El
immunit'y was selected.. 1he plasmid contaiping transformant couid
ngt g;ow at 42°C, nor could it use sgccina-te f;r glucose anaerobically.
It is cleér,,theref ore, that pLC16-4 did not carfy, the gsd gene -

¥

—(Tablel4). L e



80

SIS8UL SIYJ Ut Pasn spwseld p aunbiy

i . -

ZZeJed : d

13 093 03 3A3JSUASUY} ‘|1€3 1 9 ¥ AlOd + Y 093 »\ :

wods 6ued YR . IH Weg 03 aAj1|suasu) ‘eg neg ‘| H weg paxid X
: ..Iiln..ll.“n: : , . o . Z.nAd Nd
(dwy)} 0} 559 3 s¢ d H . : 13Sd d
, N | N . 7 1y4093 3
13100 — .....w T . £PUIH H
Co \ . ies s
6LoH0 m— . " IHweg g
, 9 dn
- T H : S EINSWOTINETSIY
[ - . T : , \
-~ r t I
. v-o_u.u* |
 giase -
z-110d - A
mlwhmo ' r r N \\ L S ——————— =
” g A d T XS S AN
Nl- m r T v - - T Y T 13 ]
g Rd dd § 3 .9 4 3 4 g 43 "
T W3 vy VRO VPO L H .
V S H daxi ateds




ﬁ}‘ﬂ
[ad
.

" t

| was fortunate to obtain a cosmid, pST1-2, from Dr. D. Touati

at the Université de Paris VIl. This cosmid carried a 1arge amount of

_ E. coli DNA, from thé left of 50dA to the right of 1pi(figure 4),

- Pl

Cosmid DNA was uséd to transform L93gd, selecting for
arﬁpicillin resistance, deterfnined by a cosmid gené (figure 4). The
fact that the cosm'id-conta'ining strain showéd the parental phenotype
indicated that ssd is indeed carried oﬁ this cosmid. Thus strain
L9ssd(pST 1-2) was able to grow at‘42'C,'oi' on succinate, and

anaerobically. It also-showed a low level of L-3D, and sensitivity to

kanamycin and neomycin (Table 14). However strainL9ssd(pST1-2)

did retain part of the mutant phendmpe, namely the ability to grow on

Ljserine. It is important to note that the cosmid pHC79 alone -
, ) q

* transformed int6 L9§§q, did not complement (table 14). It seems then

that a strain with an ssd mutant allele can grow oh L-sérine, even ih T

Ca | Sl
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) the presence of a copy of the wild-type gene.
r tio ri A ' -,

I also tested one smaller derlvatl've of cosmid pSTI-2; ;l\d a
- larger cosmld deleted for much qf the DNA carried by pST1-2, these
were kmdly provided by Dr Touati Cosmid pDTl -2, whlch carried
§gd_ and cDXA did not complemént (Table 14). The larger cosmid,
pST1 5 which carrled 2 long deletlon from sodA to the right of ioi

L3 m N
also _dld not complement. .

One can see that this comparison located ssd between the Eco

| Fll site on,'the right of CDXA and the Pst 1 site to the right of‘ I.D.l
(f lgure 4). However plasmid pLC16-4 also was unable to complement
Since that plasmid carries DNA lrom QLIS,(Al‘lghtwal‘dS 5551 must be to
the left of DIKA This Jeaves only.a 3.4 kilotfase Eco R fragr%

" between ;mgA and pfkA as the possible site of ssd. \

>

P
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. . ‘Table 14 ’
g -
. ’ .
Characteristics oNCU 1008, L9ssd and L9ssd plus pCH79, pS'[ 1-2, A
pSTI-S, pOTi-2andpLCl6=4 ) ~ - | - °
- .
* growth Conditi '
Strain ' plasmid Succ Ser  42°C Ana. Kan. Neo. L-SD'
‘culoos | ----- $#. -, + + 5 5 23
L9ssd ~  ----- ‘ -+ - - R R 200 -
'L9ssd '  pHC79 -+ - - R R 295 .
L9ssd psT1-2 ™+« + .+ 5 5736

L9ssd ~ pSTI-5 -  + - - R R 261

L9ssd ' DDT‘:Z - + - - R . R | ND .
L9s5d pLC16-4 - + - - "R R° ND
| et L
s

'"Note: L-SD expressed as de§cribed in "Materials and Methods", "ND",' "
Not determined. "R, S™ resistant and sensitive respectively ’ '

-
/
i

f;
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- The hext step ip the cloning of ssd was to subclone the 3.4 kbp

Eco R1 fragment onto a convenient. vector, in this case pSC101 (AmpR),

" This involved digesting pSC101(Amp®) in such a way as to maximiie

tﬁe«gbossibilit'y of iSolating this fragment, ligatinb witha . |

pSC101(AmpR) digest, and transforming into L9ssd.

To-do this, pST1-2 was digested.with a mixfure of restri(.:t'iori‘ :

R1, there would be 4 fragments with two Eco R1 ends. 'Howeve'r 3 of,

thbse were cut with Pst 1 as well, so that only one fragment with .

@

twd EcoR1 ends wouldbe formed in a complete digest, this being 'thé

' 3
fragment carrying ssd

]

¢

| é‘hdor)"ucleaseé Pst 1 and EcoR1. If it had béen digested only with Eco ™

’..



Ny

itsDNA. - - S

8s

Fragments: ., ’ S -
A B C 0 E F 6 H I
genes . .S0dA cpxA  DfKA cdh lDi

E--P P=rmnac=n- E E----P P--~-F E----E E-~-P P--P p---pp--f--E ~
0.8 10 3.1 36 34 21 10 14 40 \
(kbp) ~ | - o ;

Now Eco R1 cuts produce S’ AATT nprotrudlng' ends, wnlle Pst 1
produces a 3 ACGT These cannot ligate to each other If adouble’

dlgest of thiskind were ligated wlth vector fragments produced with

/
only Eco Rl cuts, only the 3.4 kbp fragment could Iigate,: There could

in fact also be fragments made by llgjatlng two fragments with an Eco

R1 cut.at one end and a Pst | at the other. However a transformant of -

this type could be detected readily by the fact that Pst l would cut ,

L] '

7 . ¢
The vector used in this exoerlment is a derivative of pSCI0V

: constructed in the laboratow of D.M. Dubow McGi1) Unlverstty, who -

‘ klndly provided it. pSClOl is ar{:edlum copy (3 6) plasmld wlth .‘ -

/

strlngently controlled repllcatlon it carrles 3 gene responsible for



tetracycli,ne resistance. The McGill _group inserted the bla gene from .
plasmid pBr322 into the Pvu 2 site o?;SOiOl using Sac 1 linkers,
forming plasmid pSClOl (AmpR) “

The vector pSC101(AmpR) wa’s digested to completion with Eco |
' ,‘.Rl to linaari'ze tne plasmid. ﬁw'as/then dephosphorylated with i:alf .
intestinal alkaline phosphatatse. (CE.I.A'P.) to remO\.fe the 5 te_}ininal .
phosphates, to ininimize reanneatling of tha vector. The Eco‘Rl?/Psi 1
double digest of pST1-2 was then mixed wil:h the di'gest‘ed vel:torj and

3

ligated. - - 2

Strain L9ssd was transf ormed Wifh this iigation mi.xtune‘ and |
ampicillln resistance selected. Of 60 ampictllin resistant colonies, 6
: 1showed the same complemented phenotype as L95_sn(pSTl =2). They
. were.able to grow on succinate on glucose at 42 Cand anaerobically,

hd

and tney also retalned the &ity to grow on L-serine (f igure 5).
L | 2 -
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One of the six clones was further purified, amd plasmid DNS«

prepared from it. If this plasrﬁi;i‘, pSD18, act\jz;lly ¢arried the 3.4 kbp
EcoRI f r;gment, this should be released in an Eco R1 digest.
Moreover Pst 1 should n;)t cut this fragment. To test this, pSD'H'B Was
‘cut with-Eco Rt in one aigest, and with Pst 1 irg?another. The dige'éts
v We‘re, then ':;,ub jected to electrophoresis, using 4 standards f or\size
comparison. The f ir'st of these xwas'lambda DNA digesfed with ;ﬁnd 3
/7 ‘and Eco R! which gives a well known éet'of fragments, ogp of w}\ich
1535 kbp. The second was pSC101 (‘AriipR) linearized by diéesting
with Pst 1. Two complete digests of the parerzt plasmid pST1-2 were
. als0 run, one-with Eco Ri and bne with Pst 1. .

A3
.
Vi
v

/ The complete digestion of pSD18 with Eco R1 produced two

»

fragments, OLne migrated Very sh‘ghfly f arther than the 3.5 kbp

‘ fragment of lambda digest. Since the 3.4 kpb fragment of pST1-2
| t 4 ' A -
* resulting from the Eco R1 digest migrated to the same point; this -

-

seemed likely to be the 3 kbp fragment of interest. Moreoyer,
T - \ /

/(
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. Y
digestion of pSD18 with Pst1 produced only the linearized plasmid.

The présenc’e of anealled:Eco R1/Pst 1| fragments was therefore -

excluded.

‘

s

The second fragment migrated slightly farther than the

‘e
. Iit')éat;lzed blasn"‘l‘id,' pSC101 (AmpR). This slight Qecre?se in ?ize
suggested that a porthn of veétor DNA had been lost. Now the veétor
used c;'oded for resistgnce ‘to two antibiotics, tetracycline and
ampicilli-n. Siunce Eco Bl does not cut within either gene, one would'
expéct that the pSDI18 CIone'would be tetracycline reslstan}.

- However it was not. There may, therefore; have been a small deletion

in the tetracyctine gene of the vector.

P,

" To be sure that the pSD18 DNA carried the ssd gene, it was used

.to transform L9ssd a second time. Ampicillin resistant \
' A

transformants were tested op succinate, L-serine, and glucose at

L4

42°C and anaerobically. Of 105 transformants tested, all wefe able-



these -grew on succinate, and those not well (f igure 5).
' ST— - . -

_ not previously seen. To try to clarify this/four colonies which grew

(*5, 7,J9,l 1) were streaked




pST1-2 ) T *pSC101(Amp)
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Figure’5 Scheme of Purification and Testing of L95sd(pSD18)
Transformants. All test' media were supplemented with
100pg/mi of ampicillin. '"Succ”, succinate,”Ana", Anaerobic
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progeny..

. grow; 13 grew less well, and 34 did not grow at all. That is, the

at 42°C, 9 were able to grow at 42°C, and all the rest were not. Eigh

Of 12 colonies tested from the four parents which grew at
. B . 1 .

42°C, ten grew at 42°C and two(4C, 8B) did not (figure S, stage 2). Of

12 colonies tested from the four parents which did not grow at42°C,
\ N .

3 §rew well at 42'C,.2 grew less well, and 7 did not grow. It is clear.

’ then that the parent phenotype'was not uniformily. disiributed in the .

\\

" The single colonies derived from 4-10 ABC were tested for
growth at 42°C. Fifty-f ive colonies derived from strains originally
able to grow at 42°C (i.e. ‘121, 6, 8 10) were test_ed[ Eight were able to
descendents of the colonies growing at 42°C were largely unable to d

the same. - 1

]
- \ ‘ ‘

Of 66 colonies derived from strains originally unable to grow

-~

of the 9 came from 1ir®s in which the ABC stage contained at least




" 3m
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13
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one colony that could grow at"42°C. However one of them, 98, hadno -

4

. predécessor that grie’w at 42°C.

-

3
.

It is clear then that growth at 42°C did not follow a clear
inheritance pattern. There was a clear accumulation.of colonies
' . T

unab'le\to grow at 42°C. However colonies able to grow were also

derived from those unable to grow.

Y
\ ' AT
\ .o L "
. ‘. .»
. (A
I . R I
¢ ' vt

3G. Preliniinary Study of Stebility of pSD18 - -

One could explain an accumulation of cells unable to grow at 3
a2 'by assuming that the complemented cells are at a selective

disadvantage. That is, more than;one copy Qf the ssd gene m’ight be

metabolically disruptive, even though it complemented the particular

defect of-the mutant. Strain L9§_§g(p5018) might then be both .

e

complemented and sick. Cells whlch lost the plasmid would ghen be

- . .

s%lected - —



the ‘transf ormantsicomplemented, px/

\"of CDxA. 1t thus contained the ssd gene, which might have been ,

93

S

Plasmid instabitity was .in\}oked as an explanation during
cloning of the nei'gnbouring CDXA ( 1). The authors isolated plasmid
DNA from a clone in which cpxA was complemented and refntroduced

it mto their mutant selectmg for’ antlblottc reslstance Only 5% of .. -

The DNA used was a fong *

piece from aBam H1 site near gip 1Oy ‘er Bam H1 site 16 the left

responswble for the instability. When they had a subclone which did .

not carry the 3. 4 kbp Eco R1 fragment, [nstablllty was no longer seen.

The authors dld not lnvestl_gate this further.

Instability of the plasmld was aleo suggeeted by the behgvlor v
ot tran'sformants in liquid media. Among the 121 descendantsﬁ of 4-11
ABC, 16 were selected for further study under the names, 4Bl 482
etc. as descnbed in fi 1gure 5 stage 3. When cultures of these were

inoculated from glucose ampicillin plates into llquid glucose minimal

medium with ampicillin, many did not grow at all, or required 2'days



wp

- ! 1

to produce a sufficiently dense_culture for eniyme assay. This

suggests that most of the cells inoculated were not ampiciih‘n

A

résistant, i.e. had lost thepiasmid.

~ Simlarly when the ovérnight culture was subculturgd'intq

‘medium,with fresh\antibiotic, they decreased in density and took a

further déy to grow. This ieems to-indicate that the overnight
cultu‘res. gpnsisted of a few antibiotic-résistant cells, and 'ny'
antiMotic-senslitilve ségregants which had lost the plasmid and
ov;ergrown thecultudr;e'. Resistance to ;mpicmin fs mediated py an \
ergytﬁ‘e wﬁich is locéted {n t‘he periplasm and in the medium, J
Therefore a small prbportion of antibiotic-resi;tant, but otherwise
metabolically disturbed cells could destroy enough antibiotiesto allow

growth of the faster-g'rowing ampicillin sensiti\(é cells (37)

Some clones did grow in_Jiquid medium, and L-SD values are

liéteq for these in Tabl‘é‘i?column D. Of 7 such colonies, 5 were

"

[



derived from colorties originally growing at 42°C {4B1, 6B1, 8A2,

" 10B1, and 10C2), One (7C1) came from ,a nongrowing parent through a

pp—ton

: colony which grew at 42°C. However one (5B1) came from a ‘

nongrowing li'n'eage. f - 3
If the accumulation of cells not growing at 42°C were due toa

loss of the plasmld thesecells should be antibiotic sensitive. .o
«i7
Conversely, if cells were maintained with ampicillin, nongrowers

should not accumulate The testing described to this polnt was done ‘

) plates up to one week old, stored at 4°C. The amplclllln in these

(4
]

plates might be considerably degraded.

\
—

To see if exposure to more ampicillin. a_ltuered the results,
patches lsolated at stage 3 were restrealéed on fresh.ly made_ plates.
when cultures which had grown on such plates were tested most
grew well at 42°C. However two clones (481, 9A2) did not grow and

two grew weakly (SA1, SB1). All cultures grew on succinate and on
. ’ ’ v - M

R
. 2 ' . ' v
* .
- . . -
L . - Y . N
. .
‘B 4 ¢ » ’
. "

' -
- . . .

s . . - S -

‘ .
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° L-serine, indicating that they ‘éontaiﬁed both the mutant and

/ wild-type gene, not necessarily however in the same cell.

4
4

The culture‘Trom fresh ampii:'illin plates (stage 4) were

ipoculated §nto minimal glucose medium with ampicillin and
' incubated overnignt at 37°C. Only one of these grew as well as a

i ] At

-

» . usualE coli, i‘.e“was ready for subculture in the morping This straih,
et iICI, gréw at 42°C, and had slightly~elevateq L-SD activity (Table 15,

" column H). Two other cultures reached a high enough density to as‘séy
t ‘ . ‘ . R ‘ v
" without sgtg}ulﬂtﬁré (i.e. grew more slowly, but still reasonably w%ll).

' « Thesg,cultures (10C2, SB1) had a' phenofy'ﬁe ‘aimilar. to that of 7C1.

All three were sensitive ? kanamycin and neomycin, but able to grow
. . > 4

N . on siccinate and on L-serine.
- . ' g’, .
The:remaining cultures grew only af fe_r 2 to 3 days. All of

these cultures grew with succinate and with L%erine, indicating that

. . oLk
- : ,W,"iike the first three strains which grew well, still carried both
* » - .
¢ o .



&

¢+ alleles. Eight strains were sensitive to kanamycin and neomyc'in. of

B

) these, 7°grew at 42°C, and 1 did not. Four strains were resistant to

Lo

-

~ the antibiotics. Of these, 3 grew at 42°C, and 1 did not. o

- * . '

P

‘These results do not provide a clear pat{ern. ltlseems that.

. .
) N -
e\,—;- ' N 3 [ .

‘ampicillin sensitive colonies are constantly selected. One mght

‘ascribe these to a selection for cells that ost the plasmid. However
t - o w : ) ’ ' ) .
these should not grow with succinate. It seems most likely that -
] . -

- . -

—

every'clone tested 50 far has been-a mixture. As the &olony or patch

) qieveloped four tmngs might happen Some cells would integrate the
’ )
‘wild- type allele into the host DNA and some would not. ln both -

&

‘Cases, some of the cells wouLd lose the’ plasn‘nd and some would not.

Dependmg on the test medlum onesubpopulation would grow on
5‘7 ~
succinate and another on L serine. The result obtained from any patch_

would ‘depend on the proportion'of -cells whieh 'resulted from each kind

of event.
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Table! 15
S : \\
. Testingof L9§§_Q(pSDIB) clones
A B CD ~ E F 6. H
Stag’ 1 2. 3 L-s0* 4 Kan Neo L= SD* TN
Strain’ i N :
542 - - - DN6r W R R - DNG .
st - .- .- " 209. W S S 80 .
/o B + . 52 + 5 S 50 ° e
782 - = = - DNG, ¢« R R .DNG
9A2 ' - - <. DNG * R R DNG
9B1 - = -+ 'DNG + 'S S DNG
11B2. - % = DN6 '+ ..R R . DNG
1ner - W ¢ DNG ¢+ ° S. S DNG.
Bt e e - 52 - s .S .DNG
82 -, + ¢+ W DNG - +.7 § S ' .DNG )
' 6B1 - - ¢+ - % 18 .+ S 'S DNG
6B2 "+ .+ < DNG- . ¢+ - S S DNG
BAl t £ "+ DNG 40 -8,¢S  DNG
BA2- -, o+ 4> -7 290 + ‘R R- DNG . |
1081 P + S 5 -'DNG. T,
10C2 ¢+ 528 + 8. S 64 ‘

3

e o jm - S — W S S I e W . T S D e W = W T S G D G G S G A SIS s S S S S ST AP G emh e D D G G G S W G G G A A

- 'Stages as described in the text and in f igure 5. % L-SD activity as
. described in "Materials and Methods". Symbols: "DNG", did not grow , -
: *S", sensitive, "R", resistant +7, growth, "w°, weak. growth'-‘ no ' -
" growth at-42°C, "Kan", and Neo kgnamycin and neon‘lycm '
- respectively.. ¥an the fransformants tested at stage 4 grew on
- succinate and on L-serine. .

. ' W
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* gdaA localizes it to a region on the E. coli linkage map,'b'ut does no

99

Discussion” _ \ s

o - .
, - #
h\

The work ih thié thesis has d'ealt with genetic aspects of

4

) mutatlons affectingL- serine metabolism in E. coli K- 12 Two

e

mutations which produce as yet indlstmgmshable phenotypic effects‘

have been shown to result from changes at diff erent loci about ‘30

pla‘smid, and a start on the characterization of the clone has been
) : ‘

7

A 4 ~ N
/ \
. . K

. made.

In-the first part of this discussion, I consider first the

grobahle exact locations of sdaA and sdaB. .The data presented for -

’. , ,
permit-an uriequivocal localization. | try to explain this discrepency

-

in two ways.. In section I of the discussion, | show that a lot-of the

data, but not all of it, canbe reeoheiléduwith one assumptto\n that th"e '

s_d_aﬁmutatwn a;lsolated is suppressuble b the g nyﬂsuppressor in

section 2 | show that the data can be reconciled in another way, by

L)

, minutes apart. A third géne has been suhcloned from a well-kr\owr:\§ :

L
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3
assuming that there is some error in the genotyne ascribed to strain

4

6057. The presenjt understan_ding of the location of gdaA is

summarized in section 3.

-

In section 4, | give a similar account of the map.location of

&

. s_dgﬂ.' Thié has not been'localize'd accurately’, but_is clearly in the

- pSD18, did nut confer tetracyc'llne resistance, another explanation of

[}

T fts e—truéture,is,presenteq.

region of 88 minutes I discuss evidence that it is different from a

P

nearby gene trxA, and also from ss_q in sectton S, both s_d_A and s_d_a_&
#
~ are differentiated from all gther loc} known to affect thiamine

biosynthesis.

. -

In .the second part of this discussion | discuss the clomng of
*\the ssg gene. in sectton I | discuss the phenotype of the ssd mutant
transformed with cosmid pST ] -2 and conclude that the 5_s_d gene must - | | § )
-be present on the cosmid. In section 2,1 discuss its subcloning Into a

dtfferent vector, pSClOI(AmpR). Because the plagmid isolated, .

)
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" the actual phenotype of L9(pSD18).

o o , 101

R

_ Apreliminary physiologlcal,characterization of the
. »

' plasmid-containiﬁg strain L9ssd(pSD18) is ‘present'ed it section 3.

°

The plasmid proved to be very unstable, ‘Reasons Yor this instability

are presented in section 4. In section 5 a possible mode! of $sd

function is presehted. The dicussion ends with a note of cautjon as to

5

Part 1: Map Location of sdaA and sdaB

!

(4

SECTION I: Is sdaA Suppressibleby gV~~~ _

- ~The experiments in this thesis Clearly demonstrate that sdaA .

'is link'ed to mutations from 14.8 to'17 minuteé ontheE. Q_Q]_[ linkage

AR Y

" map. However the experiments fall into two groups, one set

. suggesting a map position around 15.3 minutes, and:the other

suggesting a location at 17 minutes.

¢
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This dilemma can be resolved in 2 ways. In this section of the
discussion, | consider thé hypothples\is that sdaA is at 'I 6.7 miﬁutes ahd
.~ 1s suppressible by the ginV supp/res'sbr. in the following section, |
~consider the possib(ifity that itv is at 15.3 minutes, but there is some

as; yet unknown. problem with strain 6057. Neither hypothesis
-explains the data compietely. )

Suppose then that the gﬁgA'allelé isolated can be supprgsse& by
m a suppre'sspr Qene reported to bé present in some of the donor
strains énd 'suspectme present ln others., Thén the abjlity to
" grow on SGL medium could be gqnf_er-éé on an sdaA” strain if two
ways- either by'fransducing’"in sdaA® or by trapsdqcing in gl_r;‘I:

Consider first the expe.riment' described in Table 2 Stréin a
4891 is reborted to carry a glny mutation. The cross thén would be’ |

- Tully described as:
Host Donor

-
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. / /T‘raosductants able to grow Aon‘SGL medium would then be. of two
// | classes: a) g g_n_; V™ sdaA "+ or *-* .andb) gﬂ sda*. Crass A would
/ = very rarely also,carry gal-1 because gal_—_]_ isat 17 minutes, 7
/ - minutes away from ginV. Class B might be ga_-L depending only on
/ . | the distance between §Q§A and ga]_[ The class A transductants
| ~ "~ would then make the apparent Imkage of §g_aA to gal-1 at Ieast 50% -
lower than the real linkage. Since the er(periment suggested a map
posiiion 1.4 minutes from gal-1, the real,position would then oe 0.7
mlnutes away -or 16.3 - if the probatnhty of transducing ginv is the.

#

same as the probabmty of-tran ducmg s_daA

A similar explanation ca .be given for the cross with the gitA™

~ .
>~
\”
N

host (Table 3). In this case, the actual cross was:

. / * ! "‘Es
s . Host . Donor
Now gitAis at 16.5 minutes aod ginV at 15.5. Therefore mos't.'of the

strains which received m‘ would also have. g]h[.j In fact the only -
s : : . . .

N
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: 20/26 tinkage of sg_aA phenotype With asnB does not ref lect the

o ~ ~ 104 N

-

LI 4 e

way of gett'ing'an sdaA~ phenotype 'would be to bring in all 3 gene:s

* from the donor The observed linkage of ‘7 6% or 1.2 minutes is the

distance between g nv and the further of the other two, and is

consistent w1th sdaA being very cioseiy linked to gitA eg. at 167

: minutes, 1.2 minutes away from g]_uy.

This'ex‘pianation also requires that strain 6054 asnB:Tn5- i

- carries the ginV suppressor If it did, the actual cross reported in

Table 4 would be

Host S | y Donor

MMM/MMMMS

_ In this case the selection was for kanamycin resistance (as_ﬁ TnS,

15,5 min ) which would be most often accompanied by glnV; whlch is

very close. One would get sdaA’ only if one had brought in sdaA A" and ;.

N S .
had not brought in Qm_' which must be a very rare event. Thus the

”

postion of sdaA, but that of glnV.
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'The suppressor has been reported to occur i,n“se.‘Ver"al of the -

strains discuss7d_ above, other than MEW128. However it has not been

-reported to occur in strain 6054 and 6057. It seems dikely thét the

position determined in the qroséeswith strain 6057 ( 16.5-16.8) is -

correct, and that all other determinations are biased by the action of o

ihe ginV suppressor. -

. The one cross that is not consistent with this is the one

reported in Table 3, with strain 4286 as host. If‘ggaA tslG.Bliminutes, .

. then one should almost never bring in sdaA™ when selecting lip*.
: H,oweve‘r 72%'.-linkage of sdaA to-lip was in fact sg'en. The explanation

" of this is not obvious. One could get this linkage if strain 4286 were

itseif an sga_A mutant, and carried a ginV mutation. One would then

_ Measure linkage of glnV and ]ip in this cross. The f igure of 72% ié,

. however high even for this hypothesis. v

The hypothesis that the mutation in strain MEW! 28 is 2
14 P J D

~nonsense mutation suppressible by glnV has not been tested in this




T4 carrytng nonsense mutations suppressible by glnV. AN ‘the ~

) ! ‘ * ‘

~work. It could be tested,ln tne following way. First, one could test. . '

all the strains used for their ablllty to support replication of phage .

N

\suppressor were f ound where it is expected the MEWl28/4891 cross

' nggﬁ lf some of the SGL* donors were in fact suppressed § daA

- to grow-on SGL medium. '

could be repeated. Transductants able to grow on SGL medlum (SGL ) o /

would be used as donors in transductlons to strain 6057, selectmg

- strains (i.e. sdaA, ginV~ ) some of the transductants would be unable

A

in summary, if the allele of sdaA is suppressible by glny, and if

stralns other than 6057 carry the giny suppressor then the most  —

i probable location of SdaA fs at 16.7 minutes. ' | -

%

Ll
3 . .C
. » . ’ . * "
. ", y : . t
SECTION 2: Ajternative Localization of sdaA - « o .
. N . R ‘ B ,\,

-

One comes to a quite dlfferent idea. of the loecation of the s_aA

gene if one omits all data involving straln 6057 All remalnlng data : ,

- . '
—

a
L]
[0
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suégests a map location around 15.3 minutes. Thus, Table 1 ehbwed a
dtstance of 1.4 minutes f) from ga_ (17 minutes)- for a map positien -
0

of |5 6. Simllarly Tabfgzg/showed a distance of 1.2 minutes from ™
gj_ (16.5)- for a map posmon of 15.3, which is entwely compatible "
~with the preceding . ‘Again, Table 3 showed a distance of-0.2 minutee '
_from }ip (14.8 minutes)- which ie a little closer than one might

. expect, and Taele 4 ehowed'a'distance o_f 0.2 minutes from asn& (15.6 ’
‘ mmutes) for a map posmon of 15.4 minutes A map position around
15 3 minutes then agrees moderately wen with all data not involvmg f
strain 6057

f tee transposon in s;rain 6057 were not where it was thought

to be,ithis.mig,ht account f om some of the discrepancy. Inf act} the :
intefpretati,dno? experiments on sdaB ha\;e gi\;en preblems due to TnS .
transposition (see below). Howevee,' strain 6057 was shown t'o
requ.ire asparagine, so &at it must carry mutations in both 2snA and

asnB (15). Moreover all transductants in Table 6 were

kanamycin-sensitive, so that the insert must have been close to pagB,
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Ve

i.e. in 2snB as expected. The strain therefore does seem to behave /as_
described. Then if the map position were around 15.3 minutes, the
cross in Table 6 should show a largé number of sda” transductants,

and does not.

One mi'gllwt\t‘ry to get\ardunq some of these problems by
su'ggestjng_‘that the s_daA phénotype is actually the result of two
W.rputatlor‘ms, both of which are needed to have the sda” phenotype “ '
expressed. dbe of tbese woﬁld be near gitA and the ‘other near asnB, |
The snaAQmutant phenAotype'haS.«been shown'to reve‘rjt as a single
ﬁlutathn (26). This does not 'how'ever exclude the possfbf Ity that
two genes are invalved, both of which are necessary for botﬁ;aspects

€

of the phenotype.

- ‘». . - “‘

. If then the Sﬂﬁ strain carries mutations 1 and 2. at 16.8 and

‘15.3 minutes re'spectlvely, one could explain the 1.4 map distance of
| | Table | as being the distance betwesnthese two locl, with the 16.8

L mutation 'beln(-; cotransduced with gal-] at a high rrequency.i:"

-

Voo A
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'Wh‘enevel‘ the donor strain brough'}r?n both genes 1 and 2, it would

become sgaA’. Linkage to ga]-1 would be the linkage from“15.3 to 17

...... -

minutes.
. - . | 7

N r * -

This also explains results with strain 6057 as donor. Table 6
shows the results for n_agﬁ"transductanis, most of which would have
mutation 2 cotransduced. How,ever’mutatiqn 1 would only appear in |

about 10% of the transductants.‘ In féct'ohly S% of the transdu'ctants\ .

-~

showed the sdaA™ phenot?pﬂe. However, in the reciprocal experiment
. “in Table S; 2snB s selected and one would expect that mutation 2

would be cbtransduéed and tpus‘ the,overwhelming number of

. transductants, vould be 5gaA* and they are not. The 2 mutation

hypothesis ais ' cannot explain the high linkage to [ipi(Table 3). =~

" _The gene must be located between 15 and 17 minutes. If it s
_ AP o . //.-..,\ _ i

. assumed to be at 15.3 'mlnutes’,\t)ca,nnot account for data involving
T o



\ e 1O

\s’t\‘ain 6057. |f it assumed to be at 16. 7 minutes and suppressrbie by

2

‘ .cannot be resolved without further experiments.. . ™

. co .
I\ Can

. Iy
-, %

I ) o,
The data presented in Table 10 suggest a map position for sdaB -

around 86.5 minutes, based.on the linkage of ijA.with m_e_tE This

r - v . :
would place it very close to GInA, and also linked to rha. The position-
. ) o ’ A
* then couldbe confirmed with crosses involving these markers. .
- R , One other mutation influencing Synthesi§ of L-serine deaminase

x’s 1 * ‘ﬁ%:
' { is known to map in this area. This is the ss_dmutation which

- cotransduced with mg_tﬁ about 33% and is also linked to rha (21 )
. v "
”Hoyever its position, 88.4 minutes, is far enough from sdaB for them :

»

to be cieariy distinguished

giny , | cannot account for data involving strain 4286 The situatlon

’,

v.‘."’.
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The results of earlier expermlents (Tables 7 and 9) suggested

~ that sdaB mtght lie in the region of _LDSA The fact that L- sertne

deaminase (L-SD) must be redu‘ced‘to be acttve.(2¢_!) suggested that a |

m mutation might tead toa lcss\pf L-SD»aCttvtty, and therefore-
‘ that $daB might be an al‘lele of LDSA This was supported by the fact.
that phage T7 did'not gr:w. well cn strain MEW191 or MEW128. It did
not grow ;vell on other strains carring unrelated inserts, so'thatsgme

of the deficit must have been due to the Mu>dX insert itself. However

strain MEW128 and MEW191C do not carry an insert. Therefore it

" must be the mutatton itself which decreased 17 synthesis However

stratns MEW128 and MEW191C were much less resistant to phage T7
than was a trxA mutant, so that the mechanism qf'resistancelts-tikely

to be different. - S

In any case, sgaﬂhas been: clearly dtfferenttated from LD.(A in

this work A MEW|9I mutant transf ormed wtth plasmid carrytng msA

did hot grow on SGL medtum,wand ‘was no more sensitlve than the

MEW19} mutant. The same plasmid restored sensitivity to a trxA

PN
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3 . LT - T ‘ .
mutant. It is clear then that 5daB is not an allele of trxA and its

phage resistance has a different origin

)

% : r'lutations resulting in thiamine auxotrophy have been mapped at

four loci 9, 7 246 46 and 90.4 minutes (26) The map posltions now"

” o,

determined for s_daA and sdaB- clearly distinguish them both from

previous mutations causing thiamine def iciency Thls does not ,'

a0

: exclude the possibi lity that sdaA and snaﬂ gene products are involved L.

in thiamine biosynthesis slnce only part of the thlamine biosynthetic l

patnway has been described However an indirect explanation for . ~

thiamine dei iciency oi’jthese strains has also been given (26)
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- Part 2: €loning of ssd ° ' -t
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“The map location éyat 884 mind‘t?'g sug'éeéts.mat) it should
be locetegc'd“h cosmid pST1-2. ,This‘co:;mid i known to c..ag/'r.y SOdA, - -
m cdh, end ipi (personal communication, fodati)\ang therefere; '
might 'i)lery well also carry 5_s_d That it In fact does is indicated\b'y
. the fact that. trahsformants of L9§s_d(pST1~2) showed an ss_q
phenotype intermed1ate between the mutant L95§51 and its wnd type S
parent (CUIOOB) Transfor‘mants were able to grow at 42°C, and at |
. 37°C anaerobically,‘ and on succinate- all characteristice of the gsq
, .strain..' However they were a‘ble“to grow on L,-serine, as does L9§_s_d.
Glucose grown EUliuree s'hdw_ed;}evels 5: L‘-‘S'D‘mychfl‘ ow'er\th~an L9§s_d:‘
:_but. still h.iéher t'hée the parent stre\in.

it



~F14
. This shows clearly tht pST1-2 could cempiement the ssd ‘
- niuta'nt phenotype. Honei/er' the strain carrying thia very lai*ge eoémid
did not grow well 'ur'\der.~ any circums‘tance, and lost tne plasmid.
. (became antibiotic sensitive) very readily. Cultures which
maintained the cosmid could be grown only by frequent addition of
'~ “ampicillin. This instability may be a function not of size, but of the

actuai nature of the DNA cloned, as is discussed below. .
: ' . )

- P . -
at

- . The slow—growing‘strain L;Jg_iquSTI-Z) woi.iid have been
- diff icult to charaq}erize physwiogicany instead the gene was
‘4 subcloned to a smaiier portion of the 88 minute region This was« dgne
by digesting pST1-2 DNA with restriction enzymes Pst | and EcoRt,
‘3&—/\ and ligating the mixture to pSCIOi (Amp“) DNA digested w1th£coRl |

" The ligated mixture was transformed into strain~L9§_§_q and ampicillin

resistant transf ormanta s_electedf One of 6 transformants which

E Qr‘ew at 42°C, on succinate and on L-serine, was selec;ed for further

, & ' '
O [ S , o
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study.

,' That this traﬁsf ormant had the exbect‘ed plasrﬁid 3n it is
indicated by the faét that plasn‘pid DNA could be isolated f rom the
transformant, and when\cut with Eco Rl, proﬁuced a f‘ra'gmept‘ ‘of the
exbecfed ‘é’iri.em('3.4KBP). That DNA could be used to transform J;9§s_q to .
ampicillin resistance, and transformants were able to ’gro‘w at a'C. |
It seems then that thi; biasmid i:arﬂefs the exbegted gr-e'a of 88 |

’

minutg DNA.

H;;/vever this iransforfnant should als.o have been‘ tetracycnné
resistant and was not. Indeed direct selection on tetracycline-
;:ontainmg plates produced very few transformants, none of which

gre'w at 42°C. This could be explained in three ways. Two of these
| explanations use the assumption_ that the insert is in fact in
~psciol (Amp‘R). The insertion into pSC101 (AmpR) might be: made in
such a way that transcription of the tetracycline gene was decreased

{

" or abolished. Alternatively the plasmid might be shortened during
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selection of the plasmiq, w:ith the Ic;s's\o'f a portion of the

tetfacycltne gene and the aquisi,t'ioq,h of tetracycline sensitivity.

[

-

*. There is also a third posibilty that the insertion is not in

pSC 101 (AmpR) at all. The pST1-2 plasrrjfd js an insertion
DNA pHC79 which also carries an ampicillin gene. In the ligation

of £ coli

_'mixture’, one would expect fragments of both pHC7§ and pSClOi
(Amp“). The transformant might theréf ore be a shoffened form of
PST1-2. It would consist of the Eco R1 fragment joined to pHC79. In. .
this case, it would carry only a sma{l. .piece of £ coli DNA, an amount | \_‘

' equal to the fragment from the end of pHC79 to the first Eco R1 site. h‘ ‘. T

’_Tﬁis would result in a high copy plasrhid rather thaﬁ a low copy one. |

Jln either case, however, the transformant would ‘contéin the ssd gene.

The actual nature of the vector pSD18 carried by the
transformant could be easily distinquished, though this iﬁas not d,bne ‘
in this work. The plasmid DNA from the transformant could be .

~ digested with Pst 1 and Eco R1. This should give the 3.4 kbp Eco R!

L
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R |

- f ragmer;t, and two Ecé ﬁl—Pstal fragmeﬁ;ts,‘ ?ne larée; and one smal‘l.
The large one woﬁid be ‘about 10 kbp fom pHC79, and only 8 kbp from
pSC101 (Am;;R). Conversely, the sméllgr one should be about 1 kbp
from pHC7§, and 2.2 kbp from pSC| OI' (Arr;pn). These dif f erences

could be easily detected

. L] - ~
, ‘
SECTION 3: Pysiological Characterization of Gene(s) Carried on pSD18
- R d N
r

_ DNA from the f irst transformant was, used to transform 'Lgss_q a

'second time. The transformants were streaked for single colonies \;

: ‘séveral times on LB ampicillin plates. No stable phenbtype could be

| obtained. Thus, when colonies which grew at 42°C were streaked for

{

single c,olonieé,_ these descendants often did not grow at 42°C.
- [}

Simflarly when colonies which didn't grow at 42°C were streaked,
some of their descendamts did grow at 42°C.

It was possible to reduce this yérib’illty somewhat by making
sure that the LB ampicillin plates were made on the same day they

—

! ’ i
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were-used. Colonies isolated on plates made with fresh ampicillin
_ tended to grow Whe}t streaked at 42°C. ,This strongly suggests that .
growith at 42°C is deBermirjed by a gene carried on the plasniid, and

that the plasmid is very readily lost from the cell in the ébsence ofa

!
-

selective pressure. -

i
|

Suppgs”e that the trénsformant as first fsolated contai;is, an s_sj‘
/ - . ’ '

muta‘ggr/ln the host DNA, and an ssd* gene on the plasmid. This\c’qll ——

should grow_at 42°Cas judged by the behavior of L93sd(pST 1-2), and
from the actual screening. This cell could give several kiﬁds of y

¢

: desceridants. _The simplest would be those which lost the plasmid.

-~

\-\Thése Qould be the same as the original L9gsd )
“Since L9ssd fs arecA” strain, the ssd” night also recombine -
into the host DNA. This would produce wild-type host DNA, but the
host would still carry plasmid DNA, which might have ssdmutant
_genes or 5551 w%-type genes or both. Thls t;ecombme‘mt cell rp.ight ’

"~ then lose the plasmid, progucing a cell which was more or less

D
1 )
, N
f
’ .

>
\
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identical to the parent strain, CU1008. -

wnen. I plated the transformants on LB ampicillin, only those «

AN *

~ which contained the plasmid ceuld grow. lBut as the‘ampicmin inthe -

' plate deteriorated more and more nonplasmid containing cells might :

arise. Thts is true on both LB ampicillin and minimal ampicmtn
plates. The f act that colonies arose on succinate-ampicillin plates
,th_eref erecdoes Inot mean that the transforrnant cell originally plated
: eould grow on succinate. It .on\y means that it was able to give rtse ,

to a succinate-using descendant. -

C The situation could be clarified by plating single cells of ,

y

~and testing the nature of the colonies that arose. If many of the cells
that grow in the ampicmin culture have lost the plasmid, but are
survwmg because ampicilnn has been destrgyed there should be-a--

N n_great;deal of diff erence in the number of cot_onies,-on LB ampicillin

¢

{ transformant populations grown with ampicillin onto various media,

e




'cells might have lost the plasmid. That is, anything which is
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'and LB. The ampicillin-sensitive strains, moreover, should breed |

true, either as L9ssd or as CU1008. .

¥

consider also colonies Which might arise at 42°C on LB

amptcﬂlin oegtuéose amplcillin plates. Because they grow at 42 C,

they must have a copy ofthe ssq’ gene either on the plasmid or

'Intergrat,ed into the host DNA.. At the time of plating they must have.

a plasmid.(Amp®), but by the time the colony is formed inany of the .
¥ o

ampicillin resistant at the time of plating could gwe descendants of a

vartety of *phenotypes.

T .
One difficulty with thiskind of explanation.is that it predicts

that a strain which was incapable of growing at 42°C wo‘uld‘ have lost

A Lo

. the plasmid, and so would no.t'give'r_ise to descendants which grow at

- 42°C. This was not the case, since cultures of 78, 7C, 9B, 1 1B and -

e growingat 42°C were obtained even at stage 4. This is prob_ably

due to the fact that the original populaton ts'always mixed. If the
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numher of eells grawihg, at 42°C is small, they couldueasity be missed
on streaktng.a Howev’er( only these cetls can grow‘ on ampictllin, S0
that whenever the culture was exposed te)ampicillin, it would enrich
itself in cells growing at'42°C. If the ampicillin were addéd freshly,
o . - : wat

. L~
the proportion might become high enough to see on streaking at 42°C.

&

The r;sults p’esen't" d in this work suggest that the vec'tor
: 'carrymg ssd, whether pHC79 or pSC‘tOl(AmpR) is unstable in the cell. ¢’
- pEH79 is normany present inalarge number of copies and S0 is
usually thought to be relatwely stable. pSClOt(AmpR) is present in
f ewer copies, and has its e‘vtm partition system (20). When cells
contalmng pSCIOl were grown for 100 generations without selecttng n

for the plasmld retention waleO% (20) It is very surprtstng then

that the plasmtd is lost from-strain L9§_sg as quickly as it is.

g
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impossible to obtain. - S

One might get such resdlts if the presence of ektra copies of

ssdona plas’rdid were itself harmfdl to the cell. Such a cell might be

.
.
‘.
& N
o me
!

able to grow at 42°C because it has 2 functional copy of s_s_d, but it

might be metabolically hindered in other ways This might be due to

/
the fact that the cell cannot tolerate a mixture of wild-type and

e

mutant §§_d products, or that it swmply cannot tolerate havmg several .
copies. In this ‘case, there might be a strong sele‘ctioh against the
plasmid in the absence of ampicillin, -
L . -

lnstability of plasmids carrymg DNA from this region was , .

previously described durmg experiments designed to clone gnx_A ( 1) -

These experiments used pBr322 and pBr325 as vectors S0 the

plasmids shopld have been in high copy number.
That the cell with the plasmid does not f unction well is
indicated b}, the fact that 'sdbcultures in liquid medium rarel'); grew - >

well. In most cases, cult(:res dense enough for enzyme assay were

‘



“The function of the ssd ge‘ne? product is unkpown. Its phenotype

.

differs from the parental E. coli in two kinds of ways- fiirst,

L 4

' functions which involved L-serine deaminase and L-seripe-—<

©

metabolism, and second, a series of membrare funQions. The same

" mutation has been described under the name ecfB, and has been(

-explained as a btoenergetic defect (5) The eciB mutant is thought to

e S

A

R

be leaky to protons- it sets up an adequate proton motive f orce but it
does not transiate it eff iciently into ATP. The gsd/ggj;& prbduct then
would be a membrane component involved in translocating protons B

([along the cell surface or back into the cell. No evidence for this

k)

| mechamsm is av?nable Moreever nothing is known- apout the relation

L

. between the'ef fects oh L-SD and the effects on btoenergetics \

.

Because the function of a single §§_q product in the cell is not .

~
known, it IS exceedmgly difficult to tmagine what the ef fect of

) several oopies of it would be. ‘The s_sd mutant, is a sick cell, growing

slowly and ha'(/ing troubies energiiing transport and other unotjons:

The cell'with many copies, even functional ones, seems to be sick

~

1 , .8

»
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. also. .rSwould be interesting to transfer the clone to CU1008, and-see

P g

if multiﬁie copies of a 'functif)nal gene 3156 hinder the cell.

' .. ' S oo
. The clone in pSD18 is 3.4 kbp and may carry‘rkb?'g than the ssd

. gene. T hat plasmid instability is due to this DNA is likely, since it _

i \"

N~

* was sgeri bdth in‘this work and in the cloning of cDxA (1). However,

i

the instability may be due not to ssd, but to a neighboring geneé.

";

lation dF

-

. The nature of the gsd product is’ not known One of the ways “of

»

\:counting for the phenotype descrlbed in this work is the followmg

Suppose that ssd codes for a regulatory protein which binds to DNA

t
and controls the rate of synthesis of two or\(mre gene products. One
‘ ~ /

of these would be an operator governing LeSb synthesis. One or more

N

other operators controtling the rate of synthesis from genes coding . -

for product(s) involve {n membrane function wggl\d also be regul?téd.




- In the ssd mutant, the strui;ture of thg prc;duct wduld be altéréd‘ - ’:

in such a way. that affinity for L-SD operator (#1) would be increased

and the aff initj for other operators (*11) decreased. This would
result in high L-SD and decreased membrane ‘f unttion. What, then,
might happen if the cell had a mixture of mutant ahd‘wild-type

products? If the-affinity change were great enough, the effect of the

‘m’\{tant product increasing transcripTion of L-5D might still be seen,

even though there were many compeiing copies Q'f the wiid-fype ,

{

product. Howevlthe product(s) of oberator(s) #|| should B'e,

'transcribed at ‘1aast at their normal rate, and-perhaps faster. This

increased function Prriight be deleterious. .'
-:? .' . . - - . . . - ¥
This kind of hypgthesis, though ailmost‘entirely speculative, is
;supported bykevidencé that s_s_q fun?:tioh varies according to the fine
> 3
details of its structure. The ﬁhendtyp'e‘ of 5 intragenic revertants

- showed considerable gar'iation from one to the nek@, both in L-SD

Jevels and in degree of antibiotic resistance. That is, ssd fGnctién is

. o . ' .
not alk-or-none. Slight variations in structure are directly reflected

.



‘ §Ev(;TaI’Q' N 6:A Ngvx_g'g’n the. Complemented Phenotype

| o .f | ‘- * ! . . \‘

" inenzyme level (25):

3
/

» . . !

?

¢n ampicillin-resistant transformants were tested by

A ¢

streaking und'er,' variqus Epnditions, they were able to grow at 42°C,
N - ! . -, F) ‘// l | .
on succinate and on L-serine. This seemed to Thdicate that they have

a phenbtybe intermedate b’etween‘-pare’nt and mutant. Indeed the
» P ’ ' :

préceed-ing séction oflthe' discussion is predicated upon this
hypothesis, . . o \ L

.

-

However, with the finding of the extreme instability-of the

©_ plasmid, i(t\has become Clear that cells which grow on succinate may

not be the same cells that grov\{,-on L-serine. It must be conciuded

preg

ihen‘that the pheh'otype of the plaémid carrying L9gsd is not yet

[

known,

’

3

A
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