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: . ABSTRACT » R

-

A New Locus for E&opolysacchaﬁer
Overproductfon in ggsherkchia co\i K 12

. : \ Ct 4

Karen'Zinkewiéh-Péotti

A new locus for exopolysacchar1de overproduction in
r

Escher1ch1a coli K-12' was mapped using 1nsertion

mutagenesisl_'Sixty-two‘percent 1inkage°to.serA, which 1s‘

.located at 62 minutes on the Tinkage ' map, was_shown. by

P1 transduction. THe‘po1ysaéc4ariQe produced by the mutant

as ‘purified and its chemical structu}e shown to

be similar to .coladic acid. while mutations at .various

o~

3 & !
map p051t1ons cause overproduction pf colanic acid

by Escher1ch1a coli K-12, none of the previously recognized'

' mutatlons map near this-new 1ocus, nor are their phenotypes

" with respect to growth - media and incubation

temperature identical with that of the insertion.mutan t.

‘The insertion s1te maps near thet kps locus responsible foré?

ant1gen synthesms by some Escherichia coli strains.:

A]thqugh E.«coli K-12 is’ not known to elaborate a K
antigen, the site of insert1on might suggest that a K-type
entigen ts being sypthesized. 50 ' ‘

t
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INTRODUCTION

This study is’ concerned, with. a new 1ocus * for the

ovegproduction of an exopo]ysacchar1de by Escherichia coli

K 12 This exopolysacchar1de is physical]y sim11ar ‘to
-co1an?c~acrﬂ (M ant1gen) but -the gene affecting its

overproduct1on maps near a gene c1uster for K- antigen

®
[}

blosynthes1s: Swnce stuﬂies on polysacchar1de formation 1;Lf»
E. coli K-12 have focused ma1n1y on the everpropuction of
M-antigen, the étructure and biosynthesis of colanic acid..
“wi-ll be rev1ewed,,and the’ genes 1mp11cated in control of

i)

qolanic,aclq~synthes1s [capR (lon),-naps , capT , rcsA ,

‘rcsB and fest] discussed.}The 1nf1uence,qf‘growtn
condltlons,J the effect of an amino acid ‘analogue, o-'

fluoropheny]a]an1ne and the corre]ation between antigen

format1on and°the presence of certatn outer membrane
.,)’

prote1ns w111 be exam1ned . o - Co . #

.E. coli K-12"is not knOwn to make K- aﬁtigegs;ehowever,

}r =

;the resu]ts of our genetic studies suggest that the
overproduced exopolysacchar1de may - be a K- type antigen, S0
‘the shem1stry and Jenetics of K- ant1gens will be described.

‘Insertjon mutagenesis Was used to obtaim the mutants
studied in this }roject° thenefore, thie 1ntroduction-w1]1

conclude with a dlscussion\of the Mu- d(Ap lac) insertion

L]

%lement.
«""—“

_ g; coli K- ‘12 ,Jf surrOUnded by a complex structure

composed of an outer . membrane, a cell walle and an 1nner

L
I
L

o1 .
. it .
—— . 0
———— . o , __———\
B s .
- 1 .

'o
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membrane enéﬂos1ng the cytop]asm. The 1nner membrane %fﬂtheo

Jsite of 11pid BTv’ynthes1s, act1ve tran{rort and ATPase.
~activity. Concentric to ‘this is otheupeptmog]ycan cell

wall ..The outer membrane f strueture js Jomposed of major

-

and minor proteins, 1ipop01ysaccharides ano 1ip1ds. Few

. enzymati;/functtons have been associated: w1th the 6uter'
(1

‘membrang 7), though its receptors have been 1mp11cated in

1nteractions with other cells, phages, and macromo]ecu]es.

“The exopolysacchar1des of E.co]i ‘are attached to the

-

-
-

outer membrane in an unknown manner. Thqy may be t1gH§1y

associated Mith the cell-surface forming a capsu]e as in the

¥ case of the K- antigens, or they may be more;1oose1y joined.
. J n

to the outer membrane, giving rise to a slime layer,
- > l. ¢ »
Capsular ponsacchar?desfare not essential for cell growth,

tv' /‘{\ e
but they do strongiy 1nf1uence the manpner in which

bactenia! ce]]s 1nteractvwith their ehvironment. This
~"* .

interaction can occur at various levels such as-cell-host,

. ﬂ‘ - N ‘_,.‘," e , “-‘ ¢ T

ceJl-virus and cel]-cell ?92%'. A

<

Exopolysacchar1des }rom Enterobacter aerogenes,
\ ’ o)

Stréptoéoccus pneumoniae and E. c6T1 have been, we]lstud1ed.

_Ana1ysws of these polymers ha( uncouered a ‘wide var1ety o¥f .
chemical chponents and structures. -This small group of
large number of different

!

ist of repeating sugar

bacteria are able tosprodys

polysaccharides @gst of whjch»co_

of complex carbohydrates which E. ll can synthesize

"inglude 1ipopolysaccharides, 0- antlgens K antigens, and M-~

L . .

: ' . . N *
4 ” s M s .

. - . . 2 A | ) . - T ‘

a . N . .
- o7 L3 S o
- LA . " . . ,
. . .

“da

“y

R
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s naﬁed “colanic acid" by Goebel when hefﬂsolated it from

e, LI - . P ' . . .
antigen. The way in.which the cell regu)ates the production
of  such Complex carbohydrates has only partia]lx been

eTucid#ed and the problem is an exciting.one;

.

. 'l Colani¢- acid ; ~ , o ‘\*f—f\\\\

°

The structhré of colanic acid is shown \1€ Figure 1.
\’,—-

™

Th1s polysaccharade was f1rst 1solated in 1927 from a mucoid
stra1g ofe E. cg11 by Dorothea Smith (36) Kauffman

subsequent\y des1gnated a sllme substance fnom Sa]mone]la’

garatxg i B Y ant1gen“ (36Q. This same po]ysaccharide was

E. coli K235 din 1963 (14). It was Later‘;_hownthat

¥ "

sero10g1ca11y and chemically identical prdddcts .were

elaborated by many E;coli &trahnsx Enterobacter cloacae.

and’ Sa]moneL panatxph1 B and othen Salmonel]a ‘strains (&§§

The repeat1ng un1t of colan1c.aq1d cgntains Six

monpsaccharides: D-glqcose; D-gaﬂactose,.L-facose,andtD- 2
. glucuronic acid, in a ratio of.1:2:2:1." I'n additions there '

are acetyl and;pyruvyl groups. Sutherland determined that
v ) - . . . R ) ) o \ » . +
acetyl groups are'primandly attached to glucose “whereas’
. ' ) S .
pyruvy] groups are located on gé‘%ctose“(48).q Garegg et S

R

a].(11)*furthe{}demowstrateq that ' #1ky! groufs m&y be -

linked at.. Qarious positiohs oh'the'termina\-D-ga]éctpsé

résidué-of the repeat1ng hexasaccharide unit.

& The biosynthetic pathway for co\anig ‘acid 1s shown /. {
K o T " . .
in F1gure 2 . Th1ﬁteen enzymes are 1nvo1ved in the formation

of the four monosacchar1des. . The poﬁymerase(s) responsible -
. & . N ,.q x
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Figure 1 The'prbposed structure of colanic acid

E. coli k-12 after Lawson’ et al., Garegg & al.

Markovitz (36). . - . P C
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. Figure 2- Postulated pathway for the biosynthesis of

L] ) " . Ny
© coldnic acid
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[3] phosphomannose 1somerase, [4] phosphomannose mutase._ré

[5] GDP- -D- -mannose pyrqphosphory]ase," ' .o ‘}
{6] GOP-D- mannose hydro1yase, [7] GDP-L~- fucose synthetase'
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[8] phqspﬁog1ucomutase, [9] UDPJD g1ucose pyrophosphory1a5e,-

“re

-

‘ .
' . .
C T
. b3S
EEAN
. ' .

\



.

[10] voP- D ga]actose -4- ep1merase' . A /‘V
{113 uTP- D-galactose 1 phosphate ur1dy1 t/ansferase,

[12] galactokinase; [13] UDP,-D g]ucose dehydrogénase'
.[14] Colanic acid polymerase(s)
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for the, assembly of these buiﬂdi;g Slocks have not be?ﬁ
1dent1f1ed | S

CWild type E.'eoli K-12 . produces almost‘np colanic
acid, whereas the mucoid mutants qverprpdﬁce it. The
stfucturaly genes for colanic acid biqsyﬂthesfS”are'1oc3tedA
in a% least five sepafafe positions on the thomosome
. (51). The enzymes of the,colanic acid pathway are not all
v derépressed %n ﬁqcoigﬁmqtahts. "Indeed as shown in Table 1,
the bat;erp ofﬁﬂerepresstph varies with.the mutatioﬁr

’Tﬁg;e is some disagreeméht about th? 1evefs of the gal

enzymes in the lon mutant, The gernes making up the gal

operon, pgalE, galT and galk (coq{ng‘%or UDP-DEgalactosej4-
epimeraée, UT#-D-galactose¥1-phesphate uridy] transferase
and ga]actok1nase respective]y), are under thé;regulation of
the galR gqne.‘ Accord1ng to Markovitz (36) the gal operon

enzymes aFe al derepreéséd in capR (lon) and capT’,

mutants but not in the capS mutants. Moreover, Mackie and
"Wilson (33) found elevated levels of gal mRNA fn: aER

'strains, and suggested that the. 1on mutation causes

/

/derepress1on of ga enzymes at the 1eve1 of transcription .

On the other hand, Gottesman (51), using lac operon fusions

to the genes necessary for colanic-acid synthesis, found
: ' »

that t”@’ggl operon was‘nop derepressed in the capR
. Pelid

background. In any case, if there is derepression, it is
g . . :
not a phenomenon mediated through galR since Hua and

Markovitz (19) found these enzymes to be derepressed in the

. caER strain even when the strain carried a deletion 1n the
'

7! : ' !
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Table 1.,

. ¢

&

;/ various muco1d‘mutant§ of E; coli K-12.

¥ [

4

-

Leve]s of colanic acid biosynthet1c enzymes in

I

|  «Enzyne Nild L

| type . capRé capR9 capS . capfT

| ) : .

I v . "

| Phosphomannose 1 C 4.7 5.0 1 ‘NA

| isomerase. oy ' ‘

| ’ b ‘ :

| Phosphomanno- 1 NA 2.2 «5.3 5.0

| mutase ., » . :

I - v o :

| GDP-D-mannose S| 5.5 22 11 4

| pyrophosphorylase - ’ - '

I

| GDP-D-mannose 1 + 5.0 .5.5 NA

| hydrolyase ' '

| o "

| GDP-L-fucose 1 + 4 * 9 CNA”

| synthetase _

| ‘ . L .

| PhOSphoglucose 1 1 1 NA NA

' -l‘isomerase .

| . Co .

l'Phosphogluco- 1 NA 1.8 1.8 1.2

| mutase : . < T :

| j ‘

| UDP-D-glucose - 1 1/2* -12/8*  3/7* 3/7*.

] pyrophOSphory1ase o ! . :

| : . o

|- UppP- D- -galactose-4- 1 2.5 4.3 1.3 .2.3

| ep4merase :

o ' : . .
IaUTP D-galactose-1- 1° NA 6.2 1.6 6.4
| uridyl transferase d
[ C o S
| Galactokinase 1 NA 6.8 1 4.2 |
! _ . -
| UDP-D-glucose 1 NA 17
l .

°
o

-

. ~ .
S — — — — — — — — — — p—— t—

N

e —— . ——— —— — ——— o— — — i o o . . — —— — — —
~ rd -
~, o -
. N

——y

"The specific activities of enzymes i;\{ﬁa,

are assigned - a Qalue of 1.

cells were grown at 23-25°¢.

NA = not»availab]e

wild type strain

< ’
Unless otherwise indicated,

* bacteria grown at 35-37°°¢C.

+ = Kighér than in the wild type.

&

A\

Data from Mquqvitz (36).

-
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Mutat1ons in the structural geneS/of any of the fo\low-

ing enzymes are known ¢o,render mucoid strains non-mucoid:
d . :

13

pHosﬁ%bmannose isomerase (man), UDP-D-glucose

pyrdphosphorylase (galu), UDP-D-galattose-4-epimerase
y == ' .

KgalE), UDP-D-glucosedehyd%ogenase and GDP-D-mannose’

'//g;rophqsphorylase (36). ( '_: ‘ .

H «
-

Il Sugar nucleotides and lipid 1ntermediates

Nucleot1de d1phosphate monosaccharudes are strong]y

imp11cated as 1ntermed1ates in the formatign of both

v

lipopolysaccharides and colanic acid in E. coli These

molecules greAthe Precursors of the repeating hexasaccharide

¥

units. Some nucleotide diphdsbhate monosaccharides-(e.g.

_ UDP-fucose), are uﬁiquély precursors of exopolysaccharides,

(>

while otherS'(e.g. UDbes1actose)~are destined for cell wall.

. building as well (5Q).
. ~

* W \‘"

That sugar nucleotides are fntermediates in colanic

acid synthesis was suggested by Lieberman et al. (30), who

";noted that UDP-D-g]ucose dehydrogenasel(UDPG dehydrogenasé)

\

' . ' v ﬂ
is derepressed in the mucoid agR9 strain and repfessed in
-the non- muco1d w11d type. A non-mucoid mutant of aQRQ in

which UDPG dghydrogenase was still derepressed’ accumulated‘

lTarge quantities of nuc]eotides. Those ideﬁtified were

uppP- glucuronrc acid, guanosine triphOSphate and adenostine

diphosphate sugars. Siace UDPG dehydrogenase was dereprgssed,'

but colanic acid synthésis was blocked.at some other site,

-

.
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the'sugar nocleotide 1htermedjates'acoomu1ated (30).

K The specif{c activity of UpP-glucose pyrophosphorylase
in the wilo~t§oe'stna1n is muéh'higher than. those of the
enzymes involved in the synthesis of GDP - L fucose. Tnis méy
be accounted for _“by the requ1rement for UDPG pyrophosphate
for both cell wa1l .and capsuie biosynthes1s, while the L-
fucose is requlred only for capsu]ar polysacchar1def
synthesis (29)) ’ ' : .

A 1ipid intermediate of the kind found . in

-

-lipopolysacchar1de b1osynthes1s has not been conv1nc1ng]y

demonstrated in co]anlc'ac1d synthes1s..Johnson and Wilson
(26) identified an'isopredylpy{ophosphate sugafb'which they
belieived to be part of the codlanic acid pathway, edd'
fentetive1y idenoifie&:a second 11p1d carrier. Theyk
soggested that sugh a\comolex carbohydrate structure es
cofaniggacfd might. require more than“one 1jpid finking‘

internmediate.

IT1 The lon mutation

Mutation in the capR gene, also known as. lon is :tne

best characterized of the mutations respons1b1e for e n}c

'acid overproduction. It maps. at 10 m1nutes and ds 1inked to

232_ as determined by P1 transduction (35). Mutat1ons at :

__2_ are exceeding1y.p1elotrop1ct:bes1des exopo]yseocharﬁde

overproduction, they render the bacter{um Hypersensieive to

UV 1ight and ionizing naoiafibn, increase its resistance to

some antibiotics and to A and Pl phage jnfect1ons;‘end
‘

. T

SRR U
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cause filament formation as  well 'astdeféctive cell

divisaon. The capR mutants also show reduced degradation o/

“p

nonsense and missense as weii as normal proteins (6)

The lon gene »product has been aioned and identified
&y .

as an ATP- dependent protease, MW 94,000, with a parttculan'

affinvty for nucleicvatids (6). The aéfivity of this’

rotease, 1s temperature dependent su@h that it degrades

proteins more rapidly at high temperatures (a2°C) thaen at

“

low ones (32° Ci(lG). . . ‘

To determine the relationship Egtween:varipus
phenotypic traits of the lon mutan%s: lon mutants disp]ayinp
suppression 6% seiect phenotypic traits were studied It

was shown that the overproduction of colanic acid is not a

determinaht for expression of Qtner“traits. Mutation in .

sulA, a cell division inhibitor, eliminates the UV

sensitivity and filament formation of lon mutants, but does

not preclude mucoidy. Likewise, mutation in galE, ( UDP-D-.

gaiaotose-4-epimgmase)' necessary for fcoianic’”atid

biosynﬁhesis renders the bacterium non-mucoid but does not

R 4

‘affect the rest of the phenotype (F%)

The current modei for defective cel\ division in lon

mutants proposes that the sulA gene product has a longer'

half iife in the mutan{ (19 minutes) than in the wild type

(l 2 minutes) (51). Followinmg DNA damage, the recA protein

is activated and cleaves the 1exA protein. Expression of

" ygenes ‘controlled by lexA is ‘increased, among them sulA,

—

Qﬁ‘.( The iulﬂ_gene product  is thought to temporarily 1nhib1t

e r .

11"

A

3
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- cell dﬂvision in wild type E. coli; ip the Jlon mutant,
,;, . however, the sulA gene product is degraded mich more slowly,

\ . and 1t 1nh1b1tory effect leads to CeIT death (45). (A

)

.% ' 51m11ar3mode1 "“for the overproduct1on of colantc ac1d will be

‘ proposed later).
.

d

i IV Mutation at capS and capT

-

\ Mutations at capS and capT are 1es§Fwe11 defined than
is capR. The caps mutat1on maps near trp at 22 5 m1nutes
(36) The map positlon of ¢ _ggl has not ‘been determvned It
has’been shown that 4t is not T1nked to t_g ‘contrary - to.

-\ gggi, nor is it 11nked to ELEQ Jontrary to 10n(36) The capT
phenotype m1ght actually/_be the result of two mutations
(A/Markovitz, persona] communicat1on) Insert1on of the
gggﬂ+ gene on a p]asm1d does not alter .the muco1d phenotype
ofbggp_ mutants (3),‘conf1rm1ng that these two,mutat1ons are
}distinct. | | | | o 3

Y while capT and capR cause derepression of the gal
operon genes, capS has .no such effect (18) A douﬁle.

?

#
- -—

A . mutant cachag shows no more derepression df these«enzymes

than do the single mutants, so 1t 1s probab1e that their

. effect is mediated via a common pathway. . ” 1 .-
ICE Neither agS nor - capTl display. the Uy hypersensitivity

of len. The behaviour of these three mucoid mutants vis- a-

o——

vis media and. growth temperature 1s varied (" Table 2).
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_Table,é'J " Effect of grdﬁth,medﬁé‘ahg femberiture’oh

§olanfc acid mutants:

‘

- P
- U f . 3
! .

‘#«""‘f"? . — . 2 T A‘
& | el Complex - Complex
MMNG WMNE - media " media

30°¢ 37°C . 30%C 371°C°

» (\\ .

1
.

;aQR. . mucoid . .mucoid :mucoid ’Jnow;mucoid
caps . mucoid mucoid mucoid ¢ . hom-mucoid -
capT

. mucoid mucoid - ‘mucoid .. mucoid

P
dr — i a— — — — —— ——— — —— S m—
.
.
. N .

. .

— . — — — — A — — —— —
N .

] D l M . T
From Markovitz {(36). L
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‘et al, (51) prepared lac operon and laC'protein fusions' to

hwarrying the lon: mutation. The expression. o?wfﬁle~

¢ . . . LW
V Capsular polysaccharide requlatory genes: rcsA,B and C

.4
~

Using the Mu d(Ap lac)'insertiOn techniﬁ%e of Casadaban

'and'COhen (see section XI of this Introduction), Gottesman

-

genes necessary for capsule synthesis¢ Now-muco1d insertion

mutants were - obtained from 1on mutant stra1ns. A non-mucoid,

1

phenotype indicated that insertion hadroceurred-in a gene

required for .colanic acid synthesis. Five genes were found

to, share a -common pattern of regu]at1on with respect to 1on.
'Low 1evels of [3- galactoswdase were found in Ton Strainsf

'wh11ex4 to-80 fo]d higher levels were present in- strawns/(

\

1
ga]actosidase 1s under the control of the promoter of the i

" gene 1nto which Mu, d(Ap lac ) has 1nserted F]uctuat1ons

/3 galactos1dase act1v1ty reflect regulation *of .the
promoters

The five lon regulated genes 'are‘1oca¢ed-in a tlustew

_ctose to the udk gene at 45 minutes on the E col1 K- 12 map.

™

They ‘were named _B_A B,C,D and E (51).. A sixth _gene, cpsF

‘ at 90 minutes on the E. co]i K- 12 lfnkage map, was regu]ated
in ‘the’ same fashion but is not required for colan1c acid
,'synthesis. Contrary to® a report by Markovitz (18), the ga '

and manA operons are not regulated by the lon system at

least under the conditfons used by Gottesman et al (51).
) A mutation termed " non (non mucoid), had: previously

been located in the udk region. Non shows 31% linkagekto

_m*s. The 0 antigen c}uster in Salmonella typh1mur1um maps;gt

" . '-( . ) ‘1 14 j‘_‘u ‘; ) - ‘ 1 {
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this position. This locus, .tegmed rfb, coges for at least
w!i

eight énzymgs, 3nc1udiﬁg two which are f&unﬁiin the colani¢
. acid pathway: GOP-mafnose pyrophospho?y]a%e‘bnq
6hqsph9mannose mutase, Nﬁile E. coli k-12°does:n6t produce 0
antigen, three rfb' genes have been mappediand théir Coe

location coﬁresponds to that of the non mutat1on (51)"

On the bas1s ‘of what is known about the physiologjcal

Cactivity, of .the 1on protease. it is Suggested that the

~overproductwn of colanic aeid in. lon mutants c6uld be due
to retarded degradation of a positive regh1atqr of

exopo1ysacchar1de b1osynthesis. According to this

hypothesis, this p051t1ve regulator in'the wild-type strain

4

would be degraded rapidly so only a small amount of M-

¢

.antigen would 'be synthesized. In the lon muytant, the

pos1tive regu1ator of capsule formation (iike the ggiﬁ

prote1n), would have a greatly increased half 11fe. leading

[N

to overproductidn of colanic ac1d.

1
i

-

The same lac opeﬁon fusions engineered by Gottesman and

cowprkers-for@their lgg_mutant studiés were used to search
. B ‘o .

for a positive regulator which might mediate the effects of

lon on the cmﬂani acid system. .In a lon background,/3=

galactoswdase lev 4; of thesée fhéion strains are -very low;

consequently gro‘th on lactose ts slow. Spontaneous and

nitrdsoguanidine induced mutanﬁs with elevated‘1e9e1s of'B-

galactosidaselwere sel ected, on’ pLates conta1n1ng 1actose as -

“

,sole carbon source. Introduct1on of the wi]d ~type ¢cps

t

region 1nduceﬁ mucoidy'in a number of these lac mutqnts.

A '
? r
.
. .




. ' Lon mutants were ident1f1ed by their sensitivxty to methyl
¥t :_#f“\ me%hanesulphenate (MMS)., Mutants ‘which were both Mﬁ?

' -
resistantvand mucoid were presumed-to have mutat1ons in

v . ., regulators of oapsulaf polysaccharide syntheeis; whereas
T .mdtations rendLring 1ac+loﬁ* micoid strains nod-muco?(;
A indicated the presence of a negative regulator. ‘ ,gﬂ ’
- These isotation procedures revealed Ehree new
’ ' .regulatoTy"geees: rcsA, rcsB ~and resC (15) which regu]ate,

. . . ™~
genes cpsA to F as does Joh. RcsA and rgsB are ,

positive regu]dtors; located at 43 and 47 minutes’
- respect1ve1y: ‘on the E. coli K;12 linkage map; rcsC maps at
) .47 minuteQ\and is a negative regu]ator. Ndne of tpese tgree
| );egulatory gene; are 11nked’to the structural genes %iggﬂ;

F) or to lon. Mutat\ons in rgsA genes are recess1ve to
t;e wftd type. As w1th 1on, tﬁeuggg regulators have no

- r \‘effgct on the gal operon; only themucoiﬁ trdit of the lon

| phJ!otype is affected by these genes *suggesting that .1on .

regulates these genes and not: vice @prsa (15).

Further proof that rcsA is a pasitive regulator was

N

’

obtained &hen 1t was qloned 1nto a- mu1t1c0py plasmid. In"

gonta1n1ng plasm1d caused~muco1dy in lon+ ce1ls

¥ '\<Z§' Tagreement w1th the propoSed model, " ‘the mu1t1copy rcsh.

«

(Torres Cabassa and Gottesman 1n preparation, as reported in

. . . \
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" 'Indeed, at low temperatures, when (olysaccharide formationﬂ

2

polysaccharide synthes1s is unknown.

VII Growth conditions and%Timitﬁng factors

*

proteins ‘M2 (also  known as "a" or ,"3b“)!rM5 ‘andn M7,

repressed colanic acid synthesis in a lon “strain., The

I

“other pleiotropic effects associated with the lon mutationn

were not affected. It is thought L\at protein M2

negatively 'corre]ates' with po1ysaccharide eproduction.

is generally more abundant, less™" protein M2 "is'produceo

(12) The mechanISm by which protein M2 turns off capsular

Y

o 7‘ !
\

Another outer membrane protein . foundubylbaakkanen et

1..(42) is present only.1n.£; &gll strains’ which are'

’encapsulated. N_function for_ithis protein has yet to be
demonstrated. |

¢ \

. S

“ -
L} o® R
'

As ment1oned previoysly, some mutants of E c011 K 12

show the mucoidy phenotyoe- pn m1nimalcmed1a plates."but

not on complex media} ‘In'add1t1on, 1n6ubation temperature;‘ :

.has a strong 1nf1uence on mucoid product1on. Génera1ly;

,~

f.cgli cellsare less mucoid at 37° C than at 30 cC.

Markovitz has reporte¢ that w11d type E.coli co]i K- 12 produces' '

L

excess po]ysaccharide when grOwn at 15° C and that this.

b ¥

po]ysacchar1de i% 1dentica1 to co]anic acid (35)

Polysaccharide production by Eo coli K 12 incweases as

¥

the carbohydrate nttrogen ratio fn the medium is’ 1ncreased .

[y

¥roduction reaches a max1mum beyond which further raising

Sugar nitrogen ratio is without effect (53) ‘ “h s

L]
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J . Limiting growth.. with rgspect'to pitrogen, squhur’or\
phosphorous also stimulates exobolysacchdride production 1n'

,bothnwild type‘strains end nficoid mutants (36) Th1s has

. been explained (49Y fn terms of a role for ‘a 11p1d_

@

intermediate " in cof%nic acid product1on. This intermediate "

1s postu]ated to’ be the 11p1d carrier’ 1nVo1ved in cell wall
. . . \ 1 .l'
synthesis. Accord1ng to this exp]anatlon, there . is a

~

gompe't1t1onﬂ between cel] wal] .synthes‘j's“and

‘exopolygaccharidefsynthesis for the 1imited number of 11pid

7~

-carriErs.nUnder “normal" growth conditrons, compe¢1t1on for

1ipid carr1er favoursteell Wall b1osynthes1s at the expense

of colanic ac1d biosynthe51s. Under 11m1t1ng condit1ons as

« well. as at Tlow 1ncubation temperatures,‘however, growth is
) : ) y

h'rs1dwer.ahd the demand for~11p1d carrien< for cell wall

'syhthesisfis reduced thus 11berat1ng a greaeer proport1on‘

Wof tﬁe Lipid intermediates for use. {n colanic acid’

Te

production (49). A T T
e '- R G . . R

VIII Induction of mucpidy'gl pufldoropheny1a1an1ne:

.
'
4

An E. 11 K - 12 strain wWas induced to form mucoid

El .——_

colonies f'37°C by"1nclusion of 5 X ,ﬂ«;’M p=

f1uoropheny1a1an1ne (Fphe) plates or at 30° .C by

: -5,

incorporation of .8 x 10 ‘M the in 11qu1d cu1tures. when
a number of the ehzymes of the co]anic acid pathwe;-were
asSayed some weFé found to be derepressed. The specif1c.1
activity of. phosphomannose 1somera5e was 3. 3 "times higher;
than 1n cells grown in the absence of Fphe; . UDPG-epimerase

- N . -
, .
[ '.l‘ . ' .
- . 18 .- L _
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cbrreiatipn between the amount of indorporhtion ,of'

L 4

.‘-

1

was 2.5 foid higher. and guanosine diphosphate L fucose'

synthetase was 1ncreased (27) There was a posjtived

[3- YCIFphe and the induction pf‘mucoidy. Kang and .

e

Markovitz proposed that incorporatioh'of.the intg a
repressor protein aitered its efficiency (the iOn gene~
J

*product: had not been identified at the time of this

/;ublicqtion) It is equaily plausibie that the lon protease

is‘deactivated. by the incorporatlon. Unlike the 1bn

: srstem, no derepre551on of 60P-D- mannose hydrolase, G 6-P

dehydrogenase or phosphog]ucose 1somerase was observed.

However, incorporation of the into these enzymes, might\
have af?ected their actiVity. A , T

'TX'The K-antiggns
.The K antigens are a group of" ac1dic polysaccharides

‘eiaborated by strains of' E.ceii with a serological

SpECifiCity.‘K -antigens tend to form a'hacteriai capsuie

S

arid have beeng impiicated in the virfulence 6f some E.coli

strains,” The sugar sequence gnd the' Lihkage between~“'

=

monosaccharides are recognized by the mammalian immune

systeh ahd' an‘ibodies to. a ’gHVgn K- antigen will _react:
with the iso]ated po]ysacccharide as weli as “with the whole’
cell (22). ‘

classifed into ‘;ome:One hunoredlquferent types{ hove‘

recently been subdirided into tyb groups. The firsg class.

x
N
L .

¢ K *

\ . vy

. 19° ~ 1 e

"

e

¢ LT . o . e , ' PN
. .

The K antigens, which have been imnunplogiealiy.:~

- -
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have a high molecular weight and- low electrophoretic'

mobility, wheﬁeas the second display a _ low molecuiar weight .

weight.species are found as thick, copious capsules and
consist mainly of glucuronic acids. The low-molecular-
S’ ) neight~species usually contain N-acetylneuraminic acid and

2 keto 3-deoxy-D- manno octanoic acid; they form thin,

. patchy capsu]es (24) Two very unusual K-antigens, K88 and

LEEL
- ﬂ#% i K99 are proteins rather than polysaccharides-(41); the genes ' -

‘e . - LY '
fesponsible for thejr ehaboration are plasmid-borne (47).

i

‘acid, thaugh some jmmunological cross reactivity is

occasionally observed. Thus, antibodies against K30 antigen’

9f E.coli which' is compgsed of glocuronic acid, galactose

against ant1gen K29'of E.codi "and antigens Ké’ll 13,21,

~and 35 of Klebsie1la l1kewise cross react w1th the M- ant1gen
]

(41) Antigen K27 of E. coli 15 composed of the ;ame sugars

'as,co]ank;/d/ad i.e. D- g]uCUron1c 21d -D- gJucose, D-

-« galactose and L fucose,mbut in different ratios (25). ;‘

K< and M- -antigens can be separated according to 0rskov

,and Orskov A40), by fract1ona1 prec1pitatfon with Cetavlon

‘(hexadec 1tr1methy1ammon1um bromide) (see Methods). This ~

, . ) . 7 ,
procedure has been used by Orskov and Orskov .to separate the

K

‘M- and the K- antigens be1ng produced by the same straln.

‘ Depending on t\e growth conditions, the” E.coli stra1n ‘which
they studied produced both K- and M-antigens or\oniy K-

o

.20 LT

any high electrophoretic mobility (23). The high-molecularé_

. ."The K'antigens are'chemically distinct from cg]anic

and mannoée, cross'reactg w1th M- ant1gen (20).Antib3dies‘

L
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antigen (40).

-

A7

X.Genetics of the K antigens: o8

L B
v

Certa1n K-antigens are bn1y associated with cells also
bear1ng specif1c Ogantwgens. These 0 ant1gens 1nc1ude types

08, 09 and 020.' The genes contrp11 ing the b1osynthesis of

A ’

these particular K- antigens are 1linked t%(h1s and . are
near the rfb locus responsible . for production of the O

antigens. "In these céses, ‘there is linkage between ‘the

- 0- ;nd,‘Krentigen genes (41). E. coli KQIZ is an rfb

mutant_ with a comglete 1ipop01&sacsharide core but .no O-
ant?gen (Figgre 3) nor has E.coli K:JZ been'shdwh'td
elaborase ang Kdantigen. a = " SR
Genetic m§7"1ng was done on two E c011 strains carrying
antigens KIO and K54 (39), by conJugat1ng them with strains
carrylng other serotypes. h It was determ1ned that. the genes
for ant1gens K10 and K54 were linked to serA, and that the

K-antigen genes of the recipient strain had been replaced by

the K-antigen genes of the donor strhin. The ldcus at which

.the K- ant%gen genes mapped, kpsA, could also -be transferred

and expressed 1n E.coli strains which had never in nature
. .

been found to produce K antigens’(39). Linkage to serA was

) shown here as well.

o

An.E. coli K10 ser+ mutant thCh did not produce a
capsule could nevertheless transfer the genetic determinants

r K10 antigen into a K54 serA strain, suggesting that
\
thene are,pﬂo ]oci involved in capsule production. Seventy-

o
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- o - ' ,\."}_‘L‘L , . 2 .
. .E. coli K-12, atter Orskov et al. (41), _
) Glc = glucose,  Gal'= galactose -
Hep. = L-glycero-D-mannoheptose
: GlcNac = N-acetylglucosamine,
. " KDO = 2-kéto-3-deoxyoctanoic acid.
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two percent of the sert. conaugants 1n th1§ mating werd“also .
KlO (41{. The K-antigen determinants were liqked 80%:to cys .
39). 7 ‘ .
The genes ngqqireﬁ ‘for K1 antigen synthesis yeréf
analysed by cfontng and deletion tec%nique;. The‘genes fors
K1 J¢oduct1on map near sérA* a minimum of twe]ve
p&lypeptldes were found to play arole in Kl biosynthesis.
\ -

The ant1gen ise an N- acetylneuram1n1c acid polymer termed,

colominic acid. Three coordinately regulated _gene c1u¥ters

oy

Qere anovered. Silver et al.(4§)' proposed th5t~jhésen
c]usfers make up the.&gi'regu1on. Cluster A is the NANA .
operaon ;nd'apparently }eéulatés K1 synthesis. Cluster B
codes for five proteins requ1red for trans]ocation of the
po1ysacchar1de from its srte of synthes1s to its position on
the cell membrane. C]uster‘C codes fog four negessary

proteins of undetermined functiohs. TDeletion mutations

produced cells which could ﬁake the aﬁtigenﬁbut could not

" transport it outside the cell; in these mutants, antigen

-

could only be detectéd following 1ysis of the bacteria by
sonication or EDTA (46) \ ' “
e Despite the'var1ety of K ant1gens only two map,
locations have been found, one near ﬂli and the other neaf
ggiﬁ : Ja;n aﬁd Jann (23)‘propose that. the genes for the .-
h1gh molecu1ar weight antigens are l1nked to his and that
the genes of the low-molecular-weight species are linked ‘to

serA, though genetwga] analysis ef many more. K-antigen types,

need to be done before this is shown to be the rule, : -
‘ e .

-
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X1 The Mu-d(Ap Jac) insertion

lnsertion mutagenes1s was ‘the techn1due used 1n our

»

laboratory to obtain muco1d mutants. Casadaban (5)

+developed a specialized transducing phage by incorporating

[N

the lactose structural genes without the lactose promoter
1nto a der1vat1ve of Mu conta1n1ng the gene'for ampicillin
resistance. Th1s 1nsert1on integrates random]y into sites,

on the E.colj chromosome. . The 1ntegratwon of ‘one insercion

' does not’ preclude 1ntegrat1on of a second.

The insertion is about 37 kb in length (38), equ1va1ent

. to apprdximately 0 8 minutes of the E.coli chromosome.

Upon 1nsert1onJinxo the bacterial chromosome,‘the
1actose structural genes fall under the control of the
promoter of the gene into which they have 1mcegraced. "The
1nSert1oh must, be in the same orientation as the

transcript1on of the gene .in order for expression to, occur.

Fluctuat1ons in the levels of[f galactos1dase, the product

of the lacZ gene, are easily assayed anh ref1ect the

activity'of the promoter, ' e

P

A number of cons1deratlons need be taken into occount
whenhinterpreting the data obta1ned frmn‘?ga1act051dase
- . ]

assays- of My d(Ap lac) insertions. Nh;le regulation of .

transcription of the gene into which insertion has occurred

" should now be reflected in expression of the fused Iéctose

genes, this is true only'if'che transcription control sites
haye not been damaged Fusions to the same promoter may

result 1n different leveis of expression ofﬁgalactosidase

o
¢
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activity.- Some cehls remain ﬂac- ..and show Very Iow /P

galactosidage act1v1ties, fo110w1ng Mu d(Ap/lac) insertion-
L/

th1s may be due to the 1nsertion being in an orientation

d1f?erent from that of the promoter or the insertion having

domaged the promoter'(Sl) ; oL SR
; _ Mo§t transposable e1ements ‘can exert siron§ polar

. effects on: operons which . are Some distance from the»sitg#of

.

insertion ~as well as .on adJacent genes (28). , -
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‘other chemicals were reagent grade.

METHODS AND MATERIALS ™ Y
. ) y
‘ |

i

- All ‘enzymes and _ co- factors were obtAined from Sigma and

§ Boehringer Mannheim, Bacto tryptone, acto yeast extract, °

/
Bacto casamino acids and‘.Bac:co-agar v;/ere from Difco. A1}

/ ' [
/.

/
/

' . . . .
L , / .-
. ot

AL List of sfrainS' - /
Strain | - Relevant genotype . Squr.ce
Cﬁ;'OO'SA]a’c Aa(lac?) ﬂv..A i L - E.B. N!wm?n' |
‘M6 . cthi-l . 1on-10 | B Bachmann
P10 cu1008.A1ac / Mu dgAp lac) .th%é work ‘
MH420 1!sA24 .‘ . M. Herrington
6359 - AéELAEEO g > ' - B. ﬁacﬂmanﬁ_:
4294 . Hfr thi-1 - - B. "Bachmann
4242 Hfr thi-1 .. . B. Bacﬁ;;nn A
4316 o Hfr thi-1 o B. B'a,c,h'm‘an'r;
4312 - . Hfr m_ell}_l_ : B. Bac.,h_m'ann,f -

t

B. Grthh of bacteria

Bacteria1 stra1ns with the exceptwon of E. coH K-~ 12
mutant ZP10 were mdintained on Luria broth (LB)(37) plates. -
ZPIO was maintained -on minima1 medium (37) contaimng 0 2 %‘
gltucose, 2 mg¥% 1s_o'leucine, 2 mg% valine‘ and.2.5 mg%
ampicﬂli'n. Bacteria were somet imes cultivated on minimal

mediun\ containing 0.2 % glucose and 1% casam1no acids.

P]a_tes‘were 1ncuba-ted at 30°C in a Model 6 Precision

’ ' * t

Scientific Incubator. - J/
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Steri]izat1ons were done at 120' C and 20 psi.\
lﬁAntibiotics were filter- sterilized and added to tooled (45°~

C) media. ~ . . ¢ . R
. o . . N . .
\

° ‘e

€. Preparation of phage lxsate i Mu d(Ap lac) from strain
. ' ' 3y
MAL103

Dup11cate cultures of MAL103 were 1ncubated overnight
at 30° C in Super Broth (33) Then 3.0.mL of MAL103 was
‘transferred 1nto tubes ‘containing. 5.0 mL of LB and incubated

in a 30° C water bath, ) The tubes were,gemt]y aerated‘

vt

th?ough cotton p]ugged p1pettes conneeted-to“an air outlet.
After two hours, the temperature of the bath was rapidly
‘ra1sed to 42° Q, held -at that temperature for 30 to 40
-m1nutes then rap1d1y lowered to 30 C us1ng 1ce. The

‘jtemperature was mavnta1ned for one to two hours by wh1ch

e

t1me the,cultune medium had c]eared 1nd1cat1ve of ce\la_‘
) . - N \ ) ]

lysis. \ , . - , ' R

The med1um was transferred to a steri]e tube contaﬁningi

1 mL of ehlorofofm. The tube was shaken, then centrifuged‘

¥

for. 5 minutes at speed 7 in an IEC International Clinical

Centrifuge Model C7. The supernate was. decanted 1nto a

second fresh tube containing 1 mL of chloroform and “the

‘above procedure was repeated. The supernate thus obtained

was mixed-wjth_chloroform and- stored at 4 c. (37)

N
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'E.“Transduction u51ng Mu: dg p ac),~£ N

—...,\1

’

D,General'iysate gjepaEEtion

The hatterial strain. on which-phqée were to be grown,
rwas inoculated into 5 mL of LB containing 1 drop of 1 M

CaCl, (LB Ca) and incubated overnight at 37°C. Subcu3tdrin§

3

1(0 1 mL) of d1fferent d11ut1ons (0 10! to 1075 using -

LBﬁa) of wild type phage were p]aced in ster11e tubes and 4
drops of 1og -phase cu1ture were added to each "The tubes
were placed 1n a 37°C water bath fér 20 minutes, then 3 mL

of R top was dded and the phage su5pens1ons poured onto

' 1y5ate agar plates.R top and 1ysate agar were prepared as

per Ml]]er (37). . L . : -

el

*

>

-
.

< f -

Recipient strains were grown at 37° C 6vernight n LB.

Culture was centr1fuged for 5 minutes; 15 a éiintcal

. s &
centrifuge and the cell pellet " was suspended in 5 mL of MC
bu?fer (37).. The resuspension .was incubated with

0ccasional shEking»jn a 3o°e~water bath for 10

minutes. A]iquots (b llmL' ) of the resuspension werg "
"distributed 1nto several sterile tubes each containing a;
- different dflution of phage lysate 1n MC buffer control. (no
phage), 0 10" 1072, 163 dilutions. ‘These were then

Ancubated at 30° C fﬁ% at Jeast 30 minutes, atter which t1me

) H

0.5 mL of LB was\added ba each tube; and the incubation
. P e ‘

period repeated,,3 mL of F Top agar (37)-at 457 C Was ”then :

..'was dorie if required to obtain a 1ogar1thm1c phase cultureﬂﬂf'



P e

. (o- n1tropheny1/3 D-ga

added to each

appropriate plates and incubated at 3d‘c. usually for tmo

.days. When using Mu d(Ap lac), se1ection was usually done’

on LB- p1ates contain1ng 2.5 mg% ampicillin (LB 1mp)

Procedure from Mj]ier‘(37).

I3 ¢ : ' ‘.O
F. - Assay for lfigalactosidase

The Mu d(Ap 1ac) insertion e]ement' carr1es the

gene for /f? ga]actos1dase. This enzyme wfs assayed

according to Miller (37)

Cells were grown ia minimal medium containg 0.2% of

\ - Y

glucose or other carbon sources. Am1no dcids’ were added as

l “

1needed -Cells were incubated t 30° or 37° C in-a New

£ 4

Brunswick Scient1f1c gyrotory water bath shaker (model G76)-5V

14

\ OD 600 was recorded)

o

Tubes conta1nlng 0.9'mL of 2 buffer (37) were set-up
in triplicate, an
contro1 tube contain1ng‘l 6 mL,Z buffer was prepared One

drop of 0. 1% sodium dodecyl sJTfate and two drops of

ch]oroform were added to the tubes, which were vortexed for '

10 seconds, and ther incubated for 5 minutes at Z8°C. OW/K,

1

)

o1ut10n, was then aeded to each tube with mixing. ~The

exact tvme of substrabe addition was noted. “The' tubes were'
‘ returned“to the 28 C w%ter bath unt11 a faint yeltow colour_

‘appeared,,at which’ t1de (precisely recorded) the reactjon

\ a 7
" o e .

\ - V3

. \.' 29 N
\ * . ' ) .

' \

tube, and: the mixture was poured'onto“

at ‘speed 5 un'til, the1r 0D 600 was about 0.2, (the actuaj-

0.1 mL of culture added to Each- ‘a .

\1actopys>nos1de) 200 41 of a 4 mg/mL




p—— , -

.- was stop\qd by the-addition of 0.5 mL of 1w Na2003 In

cas€& whgre no co]our deve]oped by 1.5 ‘hours, the tubes

' were left oﬂsrnight and the reagction term1nated the next
- (] N «
~ - _morning. The opt cal dens1t;es of the assay m1xtures were
: determinqg at 43&1nm and 550 nm using a Perk1an]mer' A-3
“spectrophotometer. ° . "\
¢ @ N ‘ . o
Units of /3éga]actosidase (U} were determined using the
- - ' < l . ’ : '
g formuld of Miller®
- , -\ " '
c U=  1000[0D 420 -* (1.75) (0D 550)7 ’
éJ‘ -« » * ’ ' ‘ .. i '
L\ o . C . . (0.1)(t) (oD 600)
? ’ Y . * I ’ ' o " -
. . N .
e, - *
SN .t = assay time (minutes)
: . ) ' '
¢ . ﬂ ’ * . t ’
‘ N '3“ 'I“ ‘l s - .
; G. X-gal plates o S
¢ i

' To.-determine ‘the presence of /fzga1actosidase actfvity'

) ; 8
or foQ\yse as a selectwve med1um, X- gal plates were prepared,

Wy, ) )
: “9. Cas fo?*%ws* * < e o - )
. o ¢ " : S
X }Oo'mi- LB agar or m1n1ma1 medium with nitrogen and o
. , ‘ S g]ucose agar » cooled to 45%°C,.

S 0.3 mL 20 mg/mL 5- bromo 4 - cbloro 3-1ndolylf/3 D-

‘ galactos1de“1n N,N-91methy1formam1dq.
. »

L Sugar assays’ ‘

i) Total Hexose 1 ot L A
- Totat\hexpse was’ éﬁsayed:in-guplicatg ey the phenol-
. W,504 method (I3). To standards (0-1004g.dextrose) and .

) nn""



J" N . - \ . N : I . . F‘ L’- .
'samples in a final aqueous volume of i mL was added 1 mL of‘

A

‘5% aqueous ‘phenol. rthes were vortexed then 5 mL ‘of

concentrated 2SO4 -'was added to each tubéT which,were

1mmed1ate1y vortexed The reaction tubes were incubated at'd:

s

room temperature for 10 m1nutes and at 25°¢C for 15 m1nutes*

Q

0pt1ca1 densities were read 3t 488 nm on-a qukmn Elmer

. ‘ e . -_‘—v. - : N ; ! o
X-3.‘ \ =p - Y FRVERE

lii) Methylpentose-assay._ - o o o ‘:_

Methylpentose waSaassayed 1n duplicate by the H2SQ4 -
cystein -method (after U1= ne and Shett1es (10)) Standards
(0-40 49 fucose)~and samp]es 1n(a f1na1 aqueous vo]ume of 1

mL were placed on ice and 4 5 mi of a l: 6 water su]furic

-

acid solution was . added The tubes were removed from the

ice and 16éft at room temperature for a few minutes. then -

transferred to a b0111ng water bath for exactly 10 - minutes.;ﬂ
ot ¥

The tubes were then cooled under running water and 0.1 mL of::.

3% aqueous cystein hydroch1oride added'to_ each,utth‘

Al

'vortexing.. 3 L N

Optical dens1t1es were read at 396 nm and 430 nm., »Theﬁ\\;\\<‘

* '
methylpentose content was calcu1ated from the difference

LN

{op 396 - "0 430). - o .

N .~ ) s D ! . ) ‘
‘§34§) L-Fucose dehydnogénase assay (after Ma\er (38)).
! |

Samples 10-80_q1)'were hydro]yzed by- bo111ng with equail
wolumes of 0.2 N HC1 in capped microfuge tubes, fer.1l hour.

Hydrolysates were,cent?tfuged in a Brinkman Eppendorf

¢

% ‘,3]’ ' ) e
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ceﬁirifuge.§414; for 10 ﬁjnutes\and\the s§¥ernatestWEre

analyzed in dupﬂtcafe for free'L-fucoseK Standards

4

1. Isolation of thy mutants’

T L S

containing 0-20 nmoles of L-fucose were s;;:}y
(T duplicate). .
) - x . . _ :
" Each reaction mimtu;;v contained 2mM NAD+ L/f—
. ) , . ‘
1

Nicotinamide ‘adenine dinudleotide), ‘0.1 mg N%G-fucose

»dehydrogenase (E.C. Iﬂ~l¢12§ ,1.1 unit/mg protein) and

buffer. IODmM Tri§-H "buffers, pH 8.0 was used to bring

each reaction mixture to 0.5 'mL.

-

Tubes were m1xed gent]y and incubated for 90. minutes

af 37° C"and the 1ncrease in optipal density at 340 .nm due

. s 1 4
to the fonmatibn of NADH , was determined.

RAd ¢

This method was used to assay~the fucose content

J

‘.
'\Q

a) in d1a1xzed SUpernates oT centr1fuged ‘1iquid cultures.

. /
b) 1n crude polysacchar1de exbracﬁs. The 1atter were
prepared by pe]let1ng 20|nLof‘cu1ture inthe IECat 10, 000 (

~rpm for 10 m1nutes. The supernate was removed and the'

pe11et (in the- case*of CU) or pel let and s]gme 1ayer LfOr

ZP10 and M6) were shaken with 45% aqueous phengl at 65° c

L

the dpper aqueous layer.ﬂydnplyced and analyéed for fucose.

ta

i
. 2 Ay e . v : 3
g “ . [+ . .

.

[ L3 0

TrlmethOprim is a' potent 1nhib1tor - of dihydrofo1afe
(DHF) reductase. If thymidylate synthetase is active 1m!§he
presence of trimethoprim, gge supply of tr1hydrofolate J(THF)

.
-

[Py o R -
N f

fy %na]yéed:

for.lb~mimutes. The -extract was centrifuged as above and '

.-~
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is rap1d1y depleied and the ce1ls cease to grow. Mutants-,
for thym1dy1at€/synthetase supp]ied with thymidtne can grow,

in the preserce of tr1methopr1m because DHF———)THF is not

comp1ete1y“inhib1ted and the requirement for . THF _-for the - .

formation of dTMP from dUMP has been bypassed.

thymidylaté synthetasé _ RN
" Mg+2 .

© dump ///?/”_—_——-;§~“*\\iy dTMP —) . — —3DNA_
. \ ‘ P

dihydrofolate
reQuctasegz

Allquots (o0, 1 mL) of an overn1ght culture of a

bacterial strain were spread on minima] medium containing
" i
nltrogen and glucose p1ates, supp]emented wi'th 5 ”g/mL of

. tr1methopr1m and 50 A@/mL of thymidine (4). P]etes ‘Were

‘1ncubated,for.two days aft 37° ¢ and.singlé cdimn{esjwene

A

‘purified and maintained on the saue type of plates.

-

J. Isolation of antibiotic resistant-strains
: , : N

B . . . . 7 . .
Bacterial strains were grown overnight in tubes of LB

“at 37° C. Aliquots (0.1 mlL) were plated onto LB plates

. contairiing antibiotic (smpici11in’ 2. 5 mg% nilidixit acid

incubated at 37°C for .about two days and resjstant colonies

were selected and purified.’

33 E ’ ' ' . n

é;o'mg% or streptdmyein 12 mg% ) - The plates were




; ‘exponsntialfphase 1n LB.

‘plated as described.‘(32);

K. Conjugations
V/r Y

Donor- and rec1p1ent strains. were grown to mid-

»

with 10 mL of the- recip1ent stra1n in 250 mL ErTenmejef

flasks. Flasks were set in a 37° c water»bath -and gently

£

shaken for five m1nutes. ¢0,1 mbL of each COnjugation mixture

was added to 50'mL of warm LB in a 500 mL Er]enmeyer flask.

Aliquots (0.5 mL) of the donor organ1sm .were mixed -

At zero time a 0.5 mL: samp]é was, withdrawn and diluted w1th '

2 mL of 0.9% NaCl, and vortexed at h]gh speed for 10

secondébe_O.Z‘mL of this dilution was added to 3 mL of

. molten F top -agar (45°¢C), wﬁich was then poured onto

selective plates. Aliquots were subsequently removed fromi

conjugat’ion‘vmigtures at spe'cifie'd‘intervalsﬂe diluted and

.
4

- 4

L. UV 'sensitivity L

\ ' ) ‘
- Bacterial strains were streaked on LB pﬂgtés,and

exposed for one minute to UV light (UV lamp: Gelman

.Instrument 253.7 nm); unirradiated control plates.were also

streaked, Plates were incubated overnight at 37°C and

compared. . N

M.‘PEepafatioh of Cell Extracts for Enzyme Assays -

y

Cel]s were. grown at 30q C with shaking to Tate- log

phese in minima] medium conta1n1ng n1trogen and g]ucose

34 TN

N



. supplemepted with, anttbiotits‘or apino acids as raqu1red}’.
' Cultures were centrifugsd . for 10 minutes at 12,000 x.g - °
.'in ah:IEC-refrigerated'cénttifyge, mode} B-20 , Qashed:wifh
50 mM NayHPO, - KHoPO, PH 7.0 and resuspended in this same
’ -buffer. Cells were then ch'.iHe‘d in an ice bath anp_,
d1srupted w1th an Artex Systems Corporation Sonic 300
D1smembrator, (1ntermed1ate t1p, 60% capacity) 5 x 20 second

© : ) bursts with 1nterven1ng 1 minute coo?ing periods. The
~son1cate»was centrifuged at 34,000 x g tor 30 minutes andl
theﬁ‘crupé extract assayed for phosphomannose and
phosphog1pcose isomerase. The“protafn content was

\

'determinéd by ‘the Low?y et al. assay (32), using bovine

-

serum a]bumen as a protein standard
. q

N ' , N . e 00
. ' N. Phosphoglucose: igomerase assay '
. i , * . .
Assay mixture: -

. ' 50 -l 0.061 M Fructose-6- phosphate
uV _ < 83.40 1 mp/ﬁL NADP (/? n1cqt1nam1de adenins
e ' o ,f :"dlnuc1eot1de phosphate).
50/41,01MM9C1 o
2041 glucose-6- ph05phatedehydrogenase ,12 Jﬁ1ts/mL
\ N .o (from Bakers yeast type-VlI)

’ 0-100 41° cQude extract | 1 .

197-297 41 0.08°M Tris-HC1 -, pH 7.6 7
;- .,

Final assag” volume was 500 yl. The‘prqduptioh of NﬂDPH

de

, Was measured s trophotometrically at 340 nm with the

. Perkin-Elmer A-3. (21).

e a

35




e

~and Orskov (40) : -

. were added as required;

-~

0. Phosphomannose isomerase assay

Assay mixture: ‘

20 A 0.01 M mannose- 6 phosphate
83wl 1 mg/mL NADP

50 41 0.1 M MgCly

20 41 glucose-6- phosphate dehydrogenase 12 units/mL

Y

20 N phosphoeglucose 1iomerase' 16.25 units/mL

( Bakers Yeast Type 111),

[

'0;10b 4] crude extract
207-307 4N 0.08 M Tris- -HCY *, pH’ 7.6
Final assay volume was 500 4. NADPH was mon1tored at .
340 nm, (27)Z

9

[X

H

P. Polysaccharide guri?ication

o ,
Exopolysaccharide "adherent ta the bacterial cell. wall

was isaolated as fo]]ows.(afger Jann and Jﬁﬁn'(él)'anq Orskov

E
v
i

Ce]ls were gnown in 3 litre fermentation tanks (New
Brunsw1ck Sc1ent1f1c Company Fermentor FS-305) at 30°C in

m1n1ma1 med1um w'th nitrogen and 0.6% glucose. Amino acids

amp1c1111n was also included in

the hedia for‘ZPl e tanksiwere aerated and agitated at‘_

100 rpm. Fermentatiiﬁp were terminated when an 0D 600 of
0.9 - 1.1 was achieved. d

A

The cultures were ‘harvested by centrifuéation (14,000

% g, 20 minutes) in an 1EC refrigerated centrifuge. Pellets

-
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’

were resuspended in gusalution pf 0.9% NaGl and 2% phenol,
precipitated with 3 vo]umes of cold ethanol .and collected Ey
centrifugation (10 miﬁuteg, 12,000 «x é); Pe]légs were
wéshed1with acetone, recentrtfp@ed. ﬁhoroughly’drjed, and
weighed, . | |

-

s b

_Acetone dried bacteriew(10.0 g) wer%/suspended in 350
mL of distilled water and -warmed to 65°C. To this suspension

was'addgd 350 mL of 90% aqueous phenol, (previously,warmed
to 65°C) and the resulting miXture - was.shaken Yor.-10

minutes at 659C. ° R : y

" . The extraction mixture was left to separate'oVérnightﬁ
i

T

in 'a 1000 mL'separathy‘funﬁei. Three layers were obtained:

14

a‘phenoT layer on the bbttoh, éel]\debris in the middle aﬁd
\"an upper aqueous layer. The phénol la&er wés.d}scarded,and
the two .upper layers were ceni?ifuged at'8,000 rpm in the
[EC. Thevaquéou;xlayer was set aside and the cell desris
mixed with some“pheno],'wgs re-extracted with'water.:Tﬁe
supernatant thus obtained was added to the initial aqueous
’layer, The’booléd aqueous éxtracps were dialyzed adaﬁnst
disti&led yater contaﬁning a small amount, of s&dium azide
for 48 hours with numerous water changes, |

[N

The dialysate was freeze-dried and a 1% solution of the

(had

]yophi]isate in distilled water waﬁ‘prepared..'This,so]ution

‘was centrifuged at 37,000 rpm for 4 hours in a BeEkman.LS-
. . N

508 ultracentrifuge. The 11popoly4§2?Mar1

¥

'(Fractibn L) was frozen for future analyst

The supernate was di}utéd 1:1 in wate .and the 0D 260

\
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measured.'The°dilute¢*supernatant was incubated overnight at

30wcmin the presence of 5 mg¥% ribonuc]ease-A and 0.5 mg%

'deoxyribonuciease I_«;gye soiution was dialyzed then for 48

!
hours against four changes of distilied water and’ the oD 260

< )
.

reverified.

The so]utich nés made‘0.25 M with respect to NaCl,:and
0.5 volumes of a solution , of O.ZS‘M NaCl and 4%
Ceta{inn (hexadecy]trimethyiammbnium bromide), added with |
gentle . stirring. Any undigested nucleic acid prec1pitated
(Fractio% PI) upon addition of "NaCl-Cetavlon and was
removed by centrifugation (15 minutes. 14 000 rpm)

i
Disti]]ed water was s]ow]y added with gentle stirring

" to the supernate, until a second precipitate (Fraction Pli)

wés:obtained and renoved by centrifngation in the IEC- (15
minutes , 9,000 rpm). More water'was added tobessure that
precipitation of polysaccharide species hadmbeen complete.”
fraction PIL, a pofysacchqride-Cetavion complex, was
dissolved in a small amount of 1 M NaCl , precipitateq with

3 volumes -of ethanol,, end centrifuged (10 minutes s 9, 000

“rpmi, The pellet obtained (Fraction PIII) contained the

.sodium salt o(/the acidic polysaccharide, it was

redissolved in 1 M NaCl, re- prec1pitated with ethanol, &nd
lyophilized. ‘ : . s
\ ’ ' ‘

+

Q. Assay for 2-keto-3rdeoxyoctanoic acid -

’ ’
ReagentsE

0.125 N HZSOA

_acidic periodate: 0:02-‘,L

38’



0.04 N sulfuric acid
0.2 N sodium arsenite in 0.5 N HCI
0.3:% agquedus thiobarbituric acid , pH 2.0

L

Fraction L was d1sso1wed in 5 mL of water and . 0.1 mL

d11uted with 0, 1 mL of 0. 04 N uzso “in’ a m1crofuge tube.

.The tube -Was capped and heated 1n a bo111ng water bath for~

—~

20 minutes to release KDO . . '_ SR
Acidic periodate ( .25 mL) was added with‘m%xing,,and

the solUtion 1eft ‘to, stand fdr,ZO minutes at room.

‘ temperature.' Then 0.5 mL -of the arsenite solution was.

-added, fol1owed two minutes later by .2 mL of th\obarbituric

acid reagent, - The reaCtion m1xture was vortexed &ud heated

" at 100°C for 20 minutes. Assay tubes were cooled and the

.- optical density -at 548 nm, measured An optical den§1ty qf

~spectrophotometer. . i. : ‘ SR \

1.0 ina 1 qm*pathwayycorresponds, to 5%.6 nmpIe; of KDO.

(13).

»

R. Infrared‘(IR)’"sbectroscopy s C

- ,
s * . ’

IR spectra of purified polysaccharide (KBr pellets)

“were obtained'using a PerkigﬁElmer 599 B “infrared

S. Proton magneti¢ resonance (PMRl'spectfosc021.

-
©

nPurified polysaccharide was repeatedly sukpended i'n

‘99.96$“dehterium‘ox%de and 1yoph11f2ed. 2.00°mg of

deuteriafed polysaccharide 'was dissolved in 0.5 mL of dB'

o
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- RESULTS . R h

The oxerpmoductvon of exopolysaccharide Was studied
using the E. coli K- 12 mucoid mutant ZP10, -The.nesults

se¢tion which fo)]ows is divided into four major parts.

FjESt the isolation of ZP10 s described; then the:

phenotype of ZP10 in comparison;to the parent CU and to the
lon mutant M6 is discussed. The quhntificatiow and

.pur1f1cat1on ‘of the exopolysaccharide produced by ZP10 are

vreviewed, followed by an analysis of the'genetics_of the

mutation ledding to polysaccharide overproduction and the

‘mapping of the insertion. - , . \ -

L3

1 ZP10 - a mucoid mutant

-

A, bbtéining ZP10'

Mu d(Ap lac) was~transduced into CU1008141ac' "a non-

mucpld isoleucine/va11ne auxotroph using Pl phage.

B frapsductants were incuhatgd on LB.plates containing 2.5 mgx

ampiciTlin (LB Amp) and the ampiciliin resistant_coton1es

which appeared after two days ‘were purified,

-

The goal of the transduction was to obtgin insertion ’

mutants which were visibly mucoid." Due to the 1nsertion,
"these -mutants would be'ampicijlin resistant and dome would

‘have /f-galactosidase activity , in addition to their mucoid

. phenotype. The parent strain having a deletion in the lacZ-

,.gene dQes not express ff-galactos{dase, therefore any /3-

)

4] .
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~

P

.géfaqtosidase activity Qou1d be due to the insertion. ’
It was dfffjcu]t to identify tﬁe mucoid transductant;
on éompTex”médium (LB), sq fhe go];ﬂiés\yere:tnansferred onto
(mjnima1 med{a‘containing nitrogen,gl&cpse, 1soﬁeuciﬁe,'
valine and aﬁpici111n f(MMNG iv*amp).f Tweqtj mucoid mutants
.Qere distinguished'an& further purified. None of the
' cofonies grew 1in the absence\ofhisoleuﬁing and valine,
indicating that they were 'CU1008 Alac progeny. |

Vo The /?-ga]actosidase activities of these mutants

e covered a wide range . from 9 to 700 units as defined by

M111er (37)

After successive purificgtions, only five'mutaﬁis were
obv1ously muco1d* these were. reta1ned for further work. A1l
five iso]ates ‘were non- muco1d on LB but mucoid on MMNG jv

. Y
amp at both 30 ¢ and 379 C. .One of thése, mutant ZP10,

coqs1§jent1y expreésed.its mucoidy , sé‘despité\Jow /?- -,
°gélactosidase ya]pés{f4 U), it was chosen for subsequent

WOrki S o R T
B, Back-cndss”_ | ' ‘ _: o '

.~

To ensure that only one insertion had.integrated into

CU1608 Aﬁ-a; né,produce ZP10,and that we weﬁz—azalinb wifh
. one mqféfionh a.béck'ciosg was carﬁied out. Phage were
~grown on ZPi0 and used to. infect CU1008A1ac. A11 .45 ¢
transductants obtained on LR Amp plates , prqsentep the same
phenotype as'iPlb.“It is.therefore high]& Qn]ikg]y‘th9t
ZPlo.cakrﬂes mofegbhanlone insér%ion ie. ;ts phertype is

P .
. Y hid

42
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due to one mutation. If multiple insertions were'responsdble
‘for the ZP10 phenotype, -then each transductant would have
had to have been infected by thac numbersordphage in order

to obtain the ZPlQ phenpotype,an”unlikely event,

>
@x

- 3

IICharacterization of ZP10

The parent strain CU100847ac (henceforth referred to
as bU)_and the 10n mutant M6=(35))were alwafs used as

controls in experiments done with ZP10. Strain M6 1s known(

to produce co]an1c acid due to the lon mutation. and it Has
been scgd1ed with reSpect to a 1arge number of parameters
(J.Fraser, personal comﬁupicatipn). It was important to hoVe
a colanic ecid-overproducing E. coli K-12 outont:for
comparacive purposes, and M6 was suited to our deeds.

.Attempts to acquire capS and capT.mutants from other labs

were ‘unsuccessful, - i

» IR

. . - .
A. Growth curves - T B .’

The mucoidvphenotype of ZIP10 variesfwith the growth

‘medium. Growth Curves ‘were obtaihed to establish whether’

growth med1a hadan effect onthe doublingtime onPlO with

respect to the parent CU. As seen in Figure 4°, CU and P10

" 4
had very similar growth curves with geheration times of 1.6

hours in MMNG at 30® C, whereas - M6 showed 3 slower growth
rate, with a generation'time of 2 hours. Figures 5 and 6
‘show growth curves for cu and ZP10 at’ 30‘C‘in LB and in MMNG

containing casam1no-ac1ds. The Mu d(Ap lac) 1nsertion goes

t o 2 " B «
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GROWTH CURVES )
CU, M6 and IP10 in’ MMNG .at 30° ¢
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Figure 5. .-

 GROWTH CURVES '
CU and ZP10 in Luria Broth at 30° C.
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'GROWTH CURVES - » . .

"CU and - ZP10 in MMNG + Casamino acids
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and Tlactose, and " mannose. - | ST

o

v
)
.
~
/\ .
v

¥

not séem to have affected growth rates in the media used in

-

these experiments.

4

N

. B. /?LGSIactosidasi(2ctivity o . ° =T

°

ﬁ-Ga]actlosidase activity due to the, Mu d(Ap lac) |

insertion, reflécts the expression of_the gene fn%o QWich it
has 1nsgrte&. pnfortunately, in IP10, the [?-galactosidase
values were ‘§ery low, on the o;der of 4 upits, and the
}vd]ue was not/affécted by the growth média'(MﬁNG; LB, MMNG
-eonfaining cqéamino acids). Strain ZP10 is mucoid. on MMNG
but noton‘LBgnd onemight expect that this behaviour would
be ref]péteqfin va;iatioﬁs of.the x?-galactosidase ane

. ! .
expressiony this, howeyer, was not the case.

The activity of ‘[?-gafactosidaﬁe rematned unchanged

in ZPlQ thn the o%génism Wwas gfown on different carbon-

sources: glucose, fructose, galactose, glyterol, glycerol

€. Growth .meCa effects \
// ,.‘ ’ ' N

b ~.
Growth an plates containing various carbon sourtes

A . £

yielded surprising results. As has been pointed out earlier

M6 , true to+its lon genotype, is visibly mucoid on LB-

plates incubated at 30°C - but not at 37°% C. “Uhen M6 is
[

" grown on MMNG however, it is mucoid at both 30° ¢ and 33'C.

~The carbon sq@rce, be it glucosé , glycerol or pyruvate,

has no influence on the mucoid appearance of M6,

CU remains non-mucoid when plated on the above media at
\ ( ‘
47 . \
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both 30° ¢ and 37° C. k

‘“b Mucoid prpduction in ZPI? displays greater dependance

- -on thé‘coﬁpos%tion‘of the growth medium., This mutant néve(:
appears mucoid on cbmb1qx media.” It s mucoid -on MﬁNG .
1rresbect5ve;of the témperature. Fhe unusual behaviour of
ZPloﬂbécome; apparent whgn g1ﬁcose-grown colonies ﬁrE
compared with glycerol-grown colonies. iPlO is noanuéaid
on MMN Qlycero] platesf _It is wvery mucoid on MMN pyruvate
plates. We are breéént]y unablé'fb_account'for“this

»

-vagiation in_mucoidy by ZP10.

D, UV sensitivity

I'n contrast to M6, CU and ZP1D survived a one minute
exposure to UV radjation of 253.7 nm and were
indistinguishable from unirradiated controls, Following
exposure to the sameddse of UV radiation, only a few single

m colonies appeared on the M6 plate.

-4

1

«

"E..Rhosphomannose and phosphoglucose isomerase

Phosphomannose isomerase (PMI) and‘pHOSphog1¢cose
ifsomerase (PGI) are two enzymes 1n§o]ved ine eolanic acid
‘__biosyhthpsis. In capR mutants such as né,'PGI is found at
| yi]d type 1e§;15, but PMI i§ derepresQed and its S;tivity js
several timeg—higher than that found in wild-type E. 'coti K-

12 (36). l | d [ , _&

~ The actjvitief of these -enzymes were examined. in CU,

‘< s - 48
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M§ and iPlQ, qqﬁ. @he resp]ts<awe shown 1n Tab]gﬁ3'. Al
thfee'strajns.showed simiiar'PGI valués.’ ZP10 and its
parent had identical PMI a6tivit1es,ﬂwhefeas M6 clearly
showeﬁ incEe;sed'Jeve1s of eniyme activity. Fdr'comparisbn
Table 3. also shows results obtained by'Mquoxitz (36),

who assayed these enzymes in different mucoid mutants:
. [ [ . « e

capR6. ,.capR9 and capS.

111 Isolation of ZP10 variants exhibiting "high A- °

galactosidase actiVipi
\ . ‘ . Lo ' /
. Strain ZP10 grows very slowly on lactose due to low
levels. of /fifaiactosidase, an enzyme'required for growth

on lactose as sole carbon source. To select for mutants with,

A

‘higher levels of ,gfgalactésidase, IP10 was brown

overnight in a tube of LB and 0.1 mL of culture was plated

on a MMN 0.2% lactose iv amp plate ‘and incubated at 37°¢C,

for a few days. The first colonies to appear ‘were picked.

" and subcultured aanumber of times on lactose p]ates.: The

/3-ga]actosidase activities of these mutants ranged” from
430 to 1000 wunits. T

on a variety of media

These mutants were cultivated

4

inc]udﬁng MMN + glycerol and MMN + pyruvate, "and the /?-

.galtactosjdase activity under the different conditions was

. . {
either within the 20% range of error of the assay,
incdnsisteht or demonstrated no rgcbgnizab1e battern.

Furthermore their mucoid phenotype was not always expressed.

They are of-interesty however, in the discussion of the

.o ‘ .49 . | | ’.[(“’
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" Table 3. Phosphomannose}jsomerase and ot
phosphoglucqse-isomprase qqtivi;je§
in wild-type strajns and in )muqoid
mutants e
1. 2.
|- | ST wild A~ . |
1. | CU . ZP10 M6 | . type ‘capR9 capR6 capS|®
| | - ’ i : | ]
I 1 ol \ I
-J phospho-| ‘ ' - ~/ <\\,l
[~mannose | 0.39 0.34 1.8 | 1 5.0 - 4,7 1 |
|isomerase| | . |
I | [ s - I
] I ) I . L-
.| phospho-| ‘ | - . |
|. glucose ["1.1 1.1, 1.2 | 1 1 1 -
|isomerasel| . S . |
- I [ f
1.0 Cv, P10, Me\ “in units .per mg of protein.
1 unit = umoles NADH/hour. ‘ '
2, wryd type, capR6, .capR9 ,capS : gwild type
‘enzyme activities a{bitgariiy set at .1 o

(after Markovitz (36[).’
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reasons for the low expression ‘of the [JacZ gene in the
. . . [ . . ‘ .

original ZP10. >

4

1V Complex media factors

. PR ’ i} ' s / ,
Growth on rich media has beén reported tuo decrgase

polysaccharide output in a number of different organisms.

™ .
The compiosition of LB and Casamino acids was examined with

"the hope pf:eventually determining whith "component(s)

inhibited mudoid.p(ddtctiOn in ZP10 . Since M6 is nonlgucaid‘
on LB at 37°C‘{t was of interest to know i f the same
components are responsible for\inhibitiﬁg' mucoid pro@uctioh
in béth‘strains. | . |
Table 4 lists the‘~ingfedienfs in LB and in'CaéaminS
acid media. The.;mino acids pcesent in these med{a were
rahdom]y ﬁivided into two groups.{ MMNd ﬁlafe; Qerg
brepared 6ontainiwg one or-the other group of amino acids.
Amino acid vcﬁnceptrattoqs appraoximated thqge at which tﬁey
are found in LB. "By process of elimination, it wag
deéermined that  the co:presence of argininé, glycine,
Teucine, isoleucine and valipe, was sufficient tQ.produce a
non-mucoid phenotype in ZP10, The phenotypes of CU énd M6.
with respect to mucoidy, were not affdcted by these amino
acids. At the time of this work, -distinction between mucoid
aﬁd non-mucoid phenotypes was done qualitatively a;‘theré
wds not a suitable means to quantify the po1ysac;har1de.
being prbduceﬁ. ‘ @' ’
Whether the isoleucine and vaiiné'were reﬁuired gnly.asy

51 ’-%%
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Table 4,

-List, of some of the xIﬁgredieﬁts in Luria 'broth and

»
Yy

.
Y

4

and ‘casamino acids

L

" in minimal medium coﬁtaiﬁ%ng nIfrern, glucoée,

(mg/100 .mL).

I
f
|
I
I
|
I
{
!
|
I
I
I
|
|
I
!
|
I
f
|
|
I
|
|
|
I
I
I
|
L
!
!
I
|
|
|
In
|
|
!
|-
I
|
|
|

' NG
LB Casamino
: oo acjds
‘Arginine U o3g.9 - 38.@,“
Aspartic acid - _“ 945 - L4
GIutamic.qqid B} '522.0 - 51,0
Blycine - - 36.0. 11.0
Wistidine - t28.7 L . 23,0
isoleucine = 62.5 . . 46,0
Leucine | © 53,0 990
Lysine ... 8.0 e7.0
Methionine A | 2830 ; Zé.o.u
Phenylalanine - , ‘ . 52.0 : ”KZD.O-l I
| Threonine: - 48.6 L | 39,0
' Tryptophan@ . . 18.9 S 8,0
! Tyrosine. T o7e0 - T1900
Valine . - g0.0 72,0
Ash T 123,03 - 36.4
Total Nitrogen 177.3  © . 153,9
Phosphorus‘ ) "'8.95:. ‘ 377.3
. Potassium . ‘3,21 618.1
Sodium. -~ . . 225.2 T
- hagnesIum . C : 0.6 ~ ° 4.2
 Caletem . 116 N\ 0:39
, ' S 52



, ?, . * ] ‘ + N
. : Table 4 co‘ntfnued..; i
I A : LB R : ' Caéamjno_ |
| I N .t - © . acids N
N | . " : N . : | )
l Vo S ) . ' - |
,\: Chloride . g .2“0.0.36’ : . 112.6 ' : ‘
ST Pyridoxine 5.2 . - i+ 0,07 L, .
| v ‘ . ‘ . - p . \) . ’, l
| Biotin com . 1,06 & . 0,10 |
s I ' . . v ’ P Y ! a ‘~ ' ‘ "'.
) " Thiamine T S 01,93 . 0.12 |
| Nicotinic Acid'\"' . 15Q.5 - .o 2.7, [ .
v I . ‘ . . ' .. ' " - R
l -Riboflavin - . 9.68 . 7 - -0.03 . |-
| o - ‘ SR IR s )
NN r ' ¢ " . . L < |
' : Calculatéd from the Difco Manual (9). N
o O S S ' - ;,}':': .
' . - ' ot .
e ) ’ ’ L )\ ’
i ' K A< 4 ¢ .
\ ) ‘ Y _}?'
. R 0 , , .
'S ' - ’ .9 4 E
. x “ 1]
\,/, + t " ' \ ‘M
™ - -,
. 53 - .
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.growth factors and to prevent growth inhibition by leucine,

or whether they were actual]y 1nstrumentgl\lg\repressing"the

mucofdy was not determined.

-

V Polysaccharide Quantification

. § |
- ‘Colanic acid synthesized by overproducing mutants of

E.coliis usuallyquantifiedin termsof th® amount of non-

dia]yza61e‘rnethy]pentose present in the supernate of
centrifuged cell cultures. While this method proved

adequate for mutapt M6, no. methylpentose could be detected

in the supernates of exopd]ysdccharide-producing Zr10.’ To -

eliminate the possib111ty thét e he ﬁb]ysaccha?ide produced

by IP10 did not contafn methy?pentose, tota] hexose 1Q

\
dialyzed supernates Was as§ayed by the phenol-H,50

procedure (13).-Strain M6 showed large quantities of
methylpentose .and hexose in 1ts“dia1yzed supernate‘whereas
P10 and CU did not (Table 5).

Fol 1owing cent}ifugation, a mucoidfproducing strain of

E: coli -appears quite different from a nen-mucoid strain.

When the supernatant is removed, one can see, and actually

decant, a loose slime layer. The compact cell pellet which

"remains behind closely resembles the cell pellet of non-

mu‘coid"étrainé. Liquid ‘cultures of M6 and 2ZP10 had the

characteristic appearance of muco1d strains when cultivated

under appropriate conditions. It was therefore un]ike]y,

that ZPIO was mucoid on solid media but non- -mucoid tn liquid

culture. - . ' .

]
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‘Tabie 5,

LY

Mé?hy\pentose and hexose analyses of

¢

supernates."

| . I ) .. ’ 4

[ yg/mi | cu » MB, P10 T .

[ . e | s |

o . ! . - - |

[* methylpentose | _ c D '

| trial 1. | 4.6 161 - . 8.2 |

[ , : ! . T . |

| trial 2. o | 1.3 151 ° 4.0, |-

. T I ; §5 ' - |-

| hexose [ .8 372 ‘ 18,5 |

I S I - S | .
'“.20 mL cultures.grown un;f\ S,density of 160 Klett und&s

were ‘used, - u ! :
§ . Y
,\: ’ . N . ) ‘ -
- ’ ) i ° ‘
A ) ) ‘ a e
,. L a
é;“i}g;‘l . ‘ . ‘ . ', fm} s ‘. / _— l
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The possibility that the po1ysaccharide produced ByJ
A/fZPlO was ce]l bound - rather than exported ,nto the 1iquid
vPmedfum was con51dered. Whole cell methylpentose
determinatioys were attempted using the colorimetric
orOCedure of 61sche and Shett]es'(fO)p'but this_ proued
1nadequate as ewven-the non- -mucoid parent, £U gaue a
posit1ve reaction.' Thi's was due to. the first step in the
assay which oon51;ted of bgi11ng the samp]e w1th sul furic
acid. A number of 5ugars¢1nc1ud1ng those .gf the cell wal'
form a brown‘color upon bo111ng with this reagent. - The.
°methy1pent05e assay was not. specific enough to

° equantitativplb distdnguish the mucoig.strains from the non-

’ mucoid stradns. '
g co :

Attempts wére made ‘to separate any polysacchar1de that

might be adherent to the ce11 surface of ZP10. Res spended

cell pe]]ets were boiled, vigoroustly vortexed,.blended and

sondfied’ However,none of these prQcedures resuited in the

,‘presence of a lange- amountbof carbohydrate or methylpentose

1n the re5uspengion fluid.

« If the exopolysacchar1de could not be removed from the

cell surface, a dtfferent way -of quantifying

exopolysaccharlde, compatible with’who1e cells was
necessary. Such a method. would have to have a very low

) reactivity towards the cell wa11 sugars. Fucose is contained
"'only n the exopolysaccharide of E. co]iK 13 it is not
present élsewherewin the cell. L-fucose dehydrogenase, which

catalyzes the oxidation of L-fucose ~fﬁauation (1)1, was

’
.
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VI ExopolySascharide Purificatiop ®

R

o~

considered a good.candidate for our needs and a micro Jssay

had recently been published.

0

sy, k
.

f-fucose + NAD+-——~————§>I. fucono 1, 5. lactone +, NADH

o S QQ(I)
) ' . (
The assay is linear from 0, ~ 40 nmoles of L-fucose. L-fucose
dehydéogenase also oxidises ID-arabiﬁose,dD-xylose. L-xylose

and Lﬁgalac}ose but much more slowly than L-fucoge.'

. M [
. When the supernates of ZP10 1iquid cultures were

assayed with L-fucose dehydrogenase, ﬁo L-fucbse'cbu]d~pe‘

detected.

« 57

A crudeﬂpofysaccharfde extract was made from the

bacter1a1 strains, as Qe}c ibed in the methods. It was

——

evidynt (Table 6) that. in order to.quantify the

exopo\ysacahar1de associated with ZP10 it would be

- N . ~

necessary to solate it. ) b3

| exopdlySaccharide into the culture bri}h thah does strain

IP10, thoygh thgigmounts of mater1a1 9soc1ated with the

.9 .

pellet and slime layer are sim11ar for both strains. The
non-mucoid panent strainn cul008 & 1ac, did npot produce any
detecfable,-exopqusacéhaggpe. ‘ '

LI . L a
[ R R

——
>

N Vd ‘m * e‘\
Extraction of ‘exopolysaccharide f?om the cell -pellet

and slime layer associated with ZP10 and M6 was performed

w
57

It would appear that strain Mﬁ“eicretgs much more

‘using a mathod genera!ly successful for removing capsular -
‘ RPN R o,
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.strain CU was usedA as a control. "The exopoblysaccharide

.‘. \‘" * ».’

< L RN -

po]ysaccharides from Gram negative bacter1a. ﬁpn-m«coid

contained in the supernatant of.strain M6 was no extracted,
L] . B - -‘ . .
as only exopolysaccharide associated with the dell was of

4

- interest. A'flqw chart- df the purification is given in

f\ ' ' . ' . b
Figure >~ 2 ‘ C 4

+
The aqueous_laxer obtainmed folTaMgng extfact1on with
45%'pnenol contained predominantly polysaccharide,

11popo]ysacchar1de and nuc1e1c acids and appeared to be

devoid of protein (Appendix I?’ii}bopolysaccharide was

‘removed by u]tracentr1fu@at1on and quantified in terms of 2J

keto-3- deoxyoctanoic acid (KDO).(Table\V) Nucleic ac1ds

,were'removed,by d1ge§m1on with RNase“and.DNAse and

subsequent -dial.ysis; the remainder were precipitated as
. . : : ’ > T ' P by

Cetavlon -salts. L a s :
Cetav.lon forms complexes with po]yan1on1c species (44)

]
and these comp]exes have different so1ub111t1es in aqueous

soluttonsnof NaCl. Cetavlon nuc)eic ac1d complexes are

1nsolub1e in< 0.3 M NaCl Cetav1on ac1¥1c pb1ysacchar1de

 complexgs are solub]e at 0.25 M, Nacl and only precipitate,

in much more dilute sg]ut1onsﬂ Thé}efore, 'to remove any

nfmﬂin1ng nuc1@1c acids, the exttaction solution was made‘

0. 25 M with respect to NJCI and 4% Cetavlon added. No -

L

ahsorbance at 260 nm cou]d be measured fo\]owing removal of
the prec1p1tated nucleic ac1d-catjon1c detergent complex
by centr1fugat1on.

The supernate thus -obtained, wJ; s1ow1y d1luted with

—”'\
L ~e

59
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Figure "7° . Polysaccharide ‘extraction S~ ‘§«
t e ) R / A \\
I" ' : " \:\\
.g of acetone 1 cuU M6 Z;;O,
. ( d K I . <
dried bacteria : ; - B8.6 8.3.° 10,0
. . . - - T '
mg of Tyophilized® -
. material following T W6 P10
phenol .extraction’ . - |___ 750 780 690
and dialysis: ’ ‘
SR 8 & T o
. mg/mL_ nucleic acid
. content in 1% solu- r.: . e
tion«of ‘lyophilized . | CU . TR 7P 10 B
L e I . |-
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Figure 7 continued...
: .
» - .

VIO. - '

~

' Following Cetavion treatment, 0D 260 of
e . -

@ 'Z. (i:é.wno.nucleic‘acid presént);

¥

solution was -

+

)~

3

VI ' , ’
mL of water added | - . |

‘to cause preipitation- - | - CU M6 P10

of the Cetavlon= | "+ 54 50 Y
‘polysaccharide complex: = ,
VIII. ' LT |

addition of water to the supernatant of VII“caused no
-further precipi;étion. ° »

)

ix. . |

mg hexose recavered; ) )

as‘%‘of original | . Cﬁ M6 7910

: \ I ol
lyophilisate. , | mg 2.63, 42.4 A8.8

. ‘ _ 1. o
' | % 0.34 ‘6,14 6.23°
| A
3 ! . .
- - ’1
) . . @
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. § : Table 7. S

’ - Polysaccharide purification
‘ , ymoles of KDO p,re.seh't in the pellet of
phenol-extracted, ultracenttrifuged
aqueous phase, . - ;
- ! “ — B ——f
é | Total KDO recovered in ymoles |
I - ’ . ‘ |
S T E o19.4 ©
| c ' . o
-~r"\‘§. ¢ 18,3 , 1
l . : . - ‘ ' I
| 10, S T |
! L {
I . ) s b
. - ‘ ( -
)Q ’w ‘ ! . -
.
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yater.‘Accor&jng to Orskov dnd~Qrskov $¢0), dilution of a
0.25 M NaCl solution of Cetavlon-polysaccharide with %:5-1

volume of water precipitates the *ﬂ'aﬁtigen, whereas 1.5-

¢

2 volumes of water are required to precipit%te the K-antigen.

Upon addition of 0.5 volumes aof water, extraction so]ut16n§
pf Mévand ZP10 showed a heavy flocculence; ‘at this same

~dilution, only a very sTight cloudiness was obseguigd in the

extraction solution of CU. The mixtures were centrifuged; -

X

more water was adqéd:to the 'supernates but no further
precipitation was observed. |
The pellets were dissolved in 1 M NaCl:and small

aiiquotﬁ'removed and éet aside and'repreé‘pitated with

ethanol. Polysaccharide. in extracts from M6 §nd " ZP10 could .

, easily be ;%Boled onto a stirring rod. The'small aliquots
‘were éeﬁarate]y precipitated and used to quantify'the
recoveEy of egopolysaccharfde. The amppnt of ﬁolysaccﬂaride
obtaiqedFusing this grdce&ure:was 2.63, 4?.4 and 48.8 ﬁgs

for CU, M6 and ZP10 respectively.

VII Polysaccharide analysis

A. IR spectra' . : " .
' IR spectra wére‘obﬁaiéed for the ponsacchar1d;§
purified from M6 and ZP10 (Figures 8 and 9). The IR
gpectra are virtually identical aﬁd coﬁpaée quite favorably
with those of co{anic acid published. by Sapellf pnd,§6ébe1
(43) (Figure ib). However, the IR spectra do not permit any

definitive structural determinations. For example,the D-

% . . !
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Figure 8.. IR spectrum of the polysac
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Figure 9. IR spectrum of the polysaccharide from ZP10
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and L- forms of monosaccharides cannotwusually‘be
distinguished hy IR KZ) The.IR spectra of the
exopo]ysaccharides obtained from M6 and. ZP10 resemble those
obtained from po1ysacchar1des contg1n1ng uronic acid (2).
The carbohydrate shows strong ant1symmetr1c and symmetric

stretchmg bands at 1370 and 1640 cm-4 The band at 1720

. cm—lﬂs d1agnost1c for the J stretch of -COOH..

B. PMR . ‘ s

humereus_stdd{ES haye been pdb]ished on proton and
carbon nmr ‘ana1yses of comp1ex carbohydrates (83& Pmr
spectra. of . the purified polysacc¢harides ‘of ZP10 andlM6 as

well as of the supernatant -polysaccharide of M6, were taken

+ for comparative purposes. Llonger collection~times under

different- conditions might have prov{ded further structural
detail. Solutions of these polysaccharides were extremely
viscous and it was veey-difficult to prepare samples ‘of
appropriate“conqentrations for pmr dna1ysis. A1l three
exopolysaccharide samp]es showed very similar spectra in
the J‘Z - JﬁLG region; but.‘differences became apparentiin
the d4 - &5 region. Theereso1utioh in this area was
extremefy poor so one can only say that on the basis of
these pmr spectra, the exopo]ysacchar1des from M6 and ZP10

©

though similar, are probably not identical.

VIIIGenetic mapping

While many of the earlier results indicated that the
A

\ . ’ . . ‘
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P10 mutation was not a 1dn mutation and that it was
probably. different from the other known mutations giving
rise to antigen ove}production, it. was necessary to confirm
"this by mapping the\site of the Mu d(Ap- 1ac) insertion.
Conju'gationsAwere.donew to qetgrm#ne the Qeﬁera1{area of the
j%nserpidn, and transductions were performed to more
precisely.locate the overproduction Tocus.
| (“9\\§\A. Conjugatioﬁs - Q S

Two_mutants of IP10 . were  selected for conjugations.

t ot
~r

The first stra1ﬁ was nalidixic acid Tresistant (nalR); the

nalR phenotype ﬁaps at either 48 (nalA) or 57 (nalB)

minutes on the E. coli K-12 chvomosome (1). The second

strain was streptomycin resfif%nt (5315) and a thyhifine
auxotroph (thy ). The genes foé strR and thy-

phenotypes "~ map at® 76 and\aﬁd 60 minutes respectively. IZP10

and {t mutant_derivat{ve; ‘are also auxotrophic for

isoleucine and “aline (ilv ). The single mutation for this

" phenotype ‘maps at 84 minutes. * v

The Hfrs used for the conjugatio:s and their points

of origin are listed in .fAbTe 8§ . The results of -the

' conjugat%ons ére‘shown in Table 9 an&‘i]]ustrated in Figure

b 11,
fd . . L4
The first set of <conjugations was done uéjng Hfr
4294 and ZP1D -'nalR, with mating times of O, 50 and 90
* minutes. For mating times of 50 and\90 minutes the areés‘
from the poini of origin to 18 and 58 minutes respectively

~

& / ‘ 68
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Table 8. - . /
List of* Hfrs used 'to; map "
the My dl(Ap__]__a_.c_). insertjoh in
E. coli K-12 strain 2P10. ' | ] }1
=
“Chr.omos’omal_‘ Point of . ‘Ma‘op'
3 - markers - origin position
4242 . ggi;i - pQﬁz CByrd . pyrC
' | 21 23
4208 thi-i P068 . . argG  tolC
RN ' Y 66
4312 metsl - PO3 argF _ lag
4516? t thi-1 \z,/ _his  cheC
, .,‘ | %_ '
o | 69 ‘



Table 9. ..
» , ]
Conjugation results .
I~ — |
| Matfhg mating time (minutes) phenotypes |
| © & . eeeecesccmcecmccmccnceo-- : I
) I # of conjugants examined |
I 1
| ——— = s
. | Hfr 4294/ 0. 50 90 all ampR, nalR, mucoid | -
| ZP10 nalR R S - e
T 85 130 ilve o
| 5 . - . -
| Hfr 4312/ all ampR, nalR, mucoid |
: | ZP10-nalR /o 25 . 50 , . I
| e mmemea- “efem = jlv+, met+ |
I 0 66 0 ‘ ol
| g I
| Hfr 4242/ , . ' S
| .ZP10 strR O 25 50 19/23- ampR, mucoid I
\ | thy- .~ ' mmmaecemesm———- .2 | ) |
o | ~ 23 26 150 17/26 ampR , mucoid |
I . ' - o |
; ' 53/150 ampR . . Sl
- _ - ' |
| h ,46/53 mucoid. I
I ' a2
| Hfr 4316/ : ias I
2,|_2P10,stnR 28/37 ampR ., mucoid |
A thy-"T R b
I _ 115/150 ampR ', mucoid |
| . , ’ T
| . N
1 . *
' \ B . -
, - . ; “ :
. " , L. ‘\A‘\‘
o / | : 70 o
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have been transferred. The colonies obtained from these

conjugations were all ilv+ , nélR'JﬁM ampR, as .well as
muéoid.'Thus,.the area between Hfr‘}294 point of origin\at

=~ .

67 minutes and ilvsat 84 minutes definitely does not.
contdiin the dnsertion. If theygoéjugation'bridgegAdid not
bmeakduringmatinggnd the results of the 50 and 90-minutes
are truly indicative of the portion of chrumosome'which had
been donated, then the insert is between nalB at 57
minqtes,and the Hfr o}igjh at 67 minutes. This conjugation
was repeated and the resulté Tead to idehtica] conclusiohs.

"(The requirement f&erhiamine was not tésted‘since traces
of thiamine in the Bacto-agar would permit thiamine

auxotrophs;to grow). , ‘

Thé second set of conjugations 'was df(:\:::ng Hfr
‘\43ig,fQitﬁ'a point of origin between 6 ;}3 8 minutes, ‘and
“7p10 nalR. Theselconjugations were in thg\obposite direction

to the’firsp set. Sixty-six co]ﬁhigs wgrefobiained when the

@ét%ng time was 25 minutes ind all retaingd the 1ﬁser§Jon,
h”,coﬁfirming the aﬁfa'betweén ‘7 and 84 minutes is free of

the—insertion. ,ﬂgaing times of'50 minutes gavé no colonies
"prOSab1yldde to th'e conjugation going'bgyond the nal geﬁe._‘
*: ' The thift set of conjugations mated Hfr 4242 and 2P1§ |
'4,é£1; strR. while‘yalidfx}c acid(plates inhibit further

l. \ . - »
mating betwee(’the§e bacteria, some.mating can occur on

sﬁreptomycin plates; (One isually obtains more background

co]onies-hit? str than with nal). The O-time plate for the
. ) , . L

4242 / IP10 ‘matings had 23 colonies; 19 of these retained

, ' ‘ ,rA\ N P

73




tion, while 4 did not. The same kind of pattern
’ ' - ~ N

!

—

the -inser
occukred at 25 minutes. Had' further matings not taken
p;ace on the plates, no coionies’would be expected atv 25' ‘
minufes, since ZPlO‘wbu1d,sti11 be au}otrohhic for th}minef;
Fifty minute matings produced 150 colonies , about a third

“of whichnretained the insertion. Since resistance 'fo—str
was requifed’for growth on these se]ectjve plates, the
c;njugationkcould not have gone fur{her than 76 ;,minutes
(strR) but woﬁ1d have go%e‘at least as far as thymine at 60
m1nutes; These xesults confirmed ‘the insertion as being
“between 23 andlgglminutes. -

( The ffnal set of conJugétion§+BExweem Hfr 4316 and
ZP10 strR thy-, gave conjugatés after mating times of’20
minutesabut yielded no conjugates after mating times of 50
minutes . Again, colonies would have had ‘to retain their
resistance to ¥tr aﬁd no longer require thym}ne in 6rder to
grow on the s#fective medium. Taken together, the results of
the coniuéaqion studies ‘indicated that. the Mu d(Ap lac)
~insertion ’Qgs certainly between and 68 minutes and
probably bgtween 58 and 68 minutes. iten minute regioﬁ

O

was further examined by transduction anadysis.

L4

- . oy
B. Transductions ' ‘
N

The curing of amino acid auxoyrophy is a frequently-

utilised procedure for selecting transductants. Genes lysA

<, '

. 3
- and serA are both'mathg.region of insertion suggested by

the conjugations. Phage were grown on ZP10 and used to

b

‘ l/‘ 1 "'/ g ’
\ . 74 . /.
q\— N
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.transduce E. coli K-12 strain MH420, a 1lys mutant and

strain 6350, a serA mutant. Transductanti were selected for

1ys+ or ser+ phenotypes By plating on MMNG. (Colonies which:
appeared after two days, were transferred to L8, purified,

and tested on MMNG and MMNG amp).

»

There was no detectable 1inkége of Mu d(Ap lac) to

2

lysA; however, 3315‘, ampicillin resistance and the-ﬁuccﬁdr*'”
“*.” phenotype, are co-fransduced 62 % of the.time (Tasle &6),
Ihése results indicate that the Mu d(Ap 1ac) 1n§ert10h.1s
near ggiﬁ. ,This:ngg%on has not pfeviausly been reported 'as

“containing: a locus . causing overproduction of -
| .

—

- L4

exopolysaccharide by E, coli K-12.

X\



Table 10.. = o
TRANSOUCTIONS ' |
. Phagé grown on ZP10 used to transduce

strains MH420 and 6350 -

o
| # K #. “# %
], , Colonies* Amp R Mucoid Cotrans-
I : ) o . duction
. | N K
[ ﬁﬁ22o : g
' ¢
) Trial 1 155 A - -
+ | 4 . ,
I Trial 2 145 - ' - -
I o 4 ‘ . . ‘ \
' " ' ' . :
. | 6350 : | | \
|- S.f
| Trial" 1 ‘111 39 39 35
I * . . s o
. | Trial. 2 » 157 : T 421 121 77
I . N
] Trial 3 162 - 122 122 75
| ) : ’
| Average L 62
- 1
|
4
* Colonies were obtained during the initial
’ : selection procedure and are lys+ in the
/ - ‘- .
#. N\ _.case of MH420 and ser+ for 6350,
. " ’
1] \~
* ‘ \
s |
"'{'. [ N : ' : ‘«
‘ > \ -

. o
——— — — —— —— — ——— —— p— — — — — — — —— p— —  ———
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"some of these genesq are co-requlated. It was poLnteqaout ]

- R ' - , |

p—

DISCUSSION

a

A chromosomal mutation mapping near SerA was.

gene?ated by Mu d(Ap lac) insertion. This is the first f?me
N N\
' AN

that such a locus has been implicated in overproduction of\\\\\\\

exopolysaccharide in E.coli K-12. In this discussion, %our ~

-

"aspects of my research will be considered: a) the site of

the insertion b) speculations on the nature of the actual .
mutation c) the nature of the polysacfharide d) the‘
physiéa] aspects of the insertion ie, orientation etc. Nhilé
this ﬁroject did not explore fhe possible roles of
éxopo]ysaccharides, it is appropriate to briefly address the
quéstion‘here and give‘some indication of why the study of
antigens is impo%tant. Finally, I will suggest some further

work which could be carried out on mutant ZP10. : o
a) The insertion site
(

Polysaccharide biosx@thesis is a highlﬂ cohp1e&

.process involving a large number of enzymic reactions. From
3 the evidence published to date, the structural genes for the

_enzymes involved in colanic acid (51) or K-aniigen (46)

production, occur in several distinct ¢lusters and at least

earﬂier that there ﬁs'some overlap in the enzymes and
t X :
monosaccharides involved in colanic acid and
, . :
lipopolysaccharide synthesis; depending on their precise

composition, a similar overlap may also apply to K-antigens.

It is not unreasonable to suppose, ;hedﬁ that /arthoug#
. + -
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maps between the two loci.

colik-12 has not thus far been shown to produce K- or 0-

antigens, it may we]] have the structural genes required

for their synthesis. In fact , a numbergof rfb genes,

responsible for O-antigen synthesis in other E. coli
> ~ :
strains, are found in E. coYy K-12 even.though no O-antigen

is producéd by th{s étréin. Therefore, kps genes, involved

in K-antigen synthesis, = could be present but not normally .

expressed. ’ 2
™ The genetic mapping ‘. results indicate that the

Mu d(Ap lac) ¥ insertion-is very close to serA. Transduction

# with the 1ysA- strain MH420 was done to determine if. the

insert was located between serA and 1ysA. The lack of

cqﬁrinsduction with l1ysA indicates that the insertion is

closer to serA than to 1lysA. Due %o the parameters of the

transductign, these results do not localize the insertion on

1 ré
one” side or the other of the. serine gege. Phage Pl can

& N
package a maximum length of DNA equivalent to 2 minutes on
the E. coli chromosome, whereas the Mu d(Ap tac) insertion
is about 0.8 minutes long. Th{}s leaves a length of

B '
approximately 1.2~minutes for bacterial DNA. Inasmuch as
}

-1ysA and serA are about 1.5 minutes apart (1), linkage to

ségg but not to lysA is possible , even jf the—insertion
YSA 4 ) N

) - ~

\T‘ “\—’—\\

- . i BN - . '\ -
None of the previous genﬁa] work donj on colanic ~—_____

. 4
acid biosynthesis has implicated 1ink/age of an

1)

overproduciion locus to serA. As rev{gwed in the

A}

introduction, mutation at a number of loci can lead to

18



overproduction of colanic acid. S{nce E. coli K-12 has be;n
. found to pggduce'on1y this exopol&saccharide, it is
ﬁossfb]e that we have %apped yet another locus for colanic
acid. However, linkage éf:hgi genes to serA has been
demonstrated in a number of K-antigen producing .strains._of

E.coli, including K1 (46), K10 (41) and K54 (39), Until} the
actual structure of the ZP10 exopolysaccharide has been
elucidated: (see below), the possibility of K-antigen

production by E. coli strain ZP10 c§nnot be dismissed.

b) Specu]atiohs oﬁ the nature of the actual mutation

’A sing]e' mutation caused by the insertion of Mh d(Ap
lac) rendered the non-mucoid parent, CU, mucoid. Wild-type
strains of E. coli K-12 produce excess co}énic acid when-
growing slowly at Low temperatures (35) an& therefore must
have the structural genes requireﬁ for :@fanic acid
}ynthésis. Strain CU s mucoid when cultured on 11m1t1ng‘
nitrogen. Under normal growth conditions, we were ale\FD
isolate*some exopolysaccharide frﬁm CU, indicating that
colanic acid is normally produte;}in small quant}ties by
this strain of E. coli K-12. [If insertion mutant P10
makes excess colanic acid under circumstances where the
parental strain does not, , what “might be the cause of
this? .

Insertion mutagenesis usually céuseg substantial

¢

damage to the gené(s) qffected. The resulting phenotypes

are more likely due to a failure to produce a viable gene

‘12\;g~//




‘e
»

product, than to a change 1n'function of a gene product. A
point ‘mutafion_causing ‘a mucoid'phenotype, might be due
to modification of an allosteric site\on’a (rate-1imiting)
enzyme such that the eqzyhe is no'longer susceptible to
feedback inhibition; such a mechanism for mucoidy 1is highly
un}ike]y, however, in the case of insertion mutagenesis.
The insertion did not cause any recognizable
pleiotropic effects in ZP10, 5uggestin§~that the mutation
is-specific toﬁpo1ysatcharide production. There are at
least three possible models to account for aoverproduction of

4

exopolysaccharide ?B . ZP10: .
i) dinsertion méy‘have occurred in a gene coding fbr a-
repressor of co)anic acid synthesis. ‘A functional repressor
protein can no longer be made , resulting in-excessive
cofanic'acid;ﬁﬁosyhthesis. ’ k\

it) the insertion may have.damaged the prbmoter‘of a
repressor protein such that the repressor gene can no longér
be tfanscrjbed, again resulting in oyerproduction of
colanic acid. T C ‘ <;

iii) a positive reguiqtory protein is made in larger
quantities than normal due to the disruption of its
fégulapion . Mutation at an rcsA like gene causing
overpfoduction of the gene product illustrates this model.
qu reasons explained above, it is unlikely that insertion

mutagenesis in the gene coding for a positive factor would

cause it to be "super"- functiomala

N )

Tﬁi/ﬁhxntity of ijgzgl)sﬂcc\/;>de produced by ZPlO is

‘ , 'ao ‘ ;
- ‘ ‘

\ R .
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membrane. One m1ght expect, then, that P10 would have

5 .

\

far less than that synthes1zed by M6, though the amount
bound tothe cells iss1m11ar forboth strains. It‘hasbeen
postulated (49) that "there are a limited number of

attachment sites available for exopolysaccharide on the

outer membrane; when these are filled, any further

polysacchar1de produced will be ~excreted into the media.

It is not known whether new exopo]x/ﬁtchar1de replaces the

old , the 1Tatter being dispersed into the media, or if the

old remains attached and the new is excreted. Since 1ZP10 °

shows negligible quantities of polysaccharide in 1its

supernateluit‘may not have saturated its ‘attachment sites.

This hypo €is is supported by data showing that ZP10

!
appears more mucoid when grown on pyruvate as a. carbon
source, than on glucose and that this increase in mucoidy is
accompan1ed by an 1ncrease in detectab]e methy1pentose in

the supernate (see Append1x I1).

<

Strains M6 and ZP10" both make excess polysaccharide, but

in"very different amounts. Perhaps some feedback mechanism

in ZP10 1limits polysaccharide production to the maximunm

amount that can be.,accommodated by the attachment sites on

the cell surface, while M6 lacks this feedback mechanism,

This would imply that there is  hierarchial control of
exopolysaccharide synthesis. -
Another ; explanatiom for the absence of

exoponsaécharide in the supernate of mutant ZP10 f{'s that

" the - polysacchar1de remains very ,tightly bound to the outer

< .J \
4 | , o
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more cell-bolind exopolysaccharide than M6. However, similar

amounts of cell-bound polysaccharide were extracted from

. strains ZIP10 and M6.

The question arises: if ZP10 and M6 .both exhibit
'excessive production of exopq]ysaccharidé, why does. ZP10
make less exopo]ysacsharide than M6?

As discussed earlier, the pattern of derepressgon of
colanic acid biosynthetic enzymes difffr from onehmucoid
mutation to another. .The mutation in strain rZPlO might

derepress one or more of thase enzymes, leading to a modest

.

increase in colanic acid otutput, in comparison to the lon

putant.' The system ﬁight be such that some or even only
one of the key enéymes remain at wild-type levels, slowinry
down b1osynthesis. As génes for K-antigen biosyntthis are
known to be 1inked to serA, our localization J? the Mu d(Ap
'lgg) insertion in ZP10 raises the possibility that enzymes
sommon tp K-antigen and colanic agﬁd biosynthetic rsu£;s
are derebréssed in this mutant due to insertion at asK-
antigen control site. These enzymes, which in the past
might have been'usea fs¥ bosh Kaantiéen and c¢olanic acid
~?oduct1on, are now being used exc1us1ve1y for colanic acid
synthesis in ZP10. Accord1ng to this scenario, E. coli K-12
once e1aborated K-antigens, but lost:some of the genes

while reta1ﬁ1ng a control site; in the absence of some

'e\ements necessary for K-antigen synthesis, these enzymes

p(gviou&fy\bpared between the K -antigen and colan1c acid

biosynthetic p thways would now be utilizij exclusive]y for

(%3



the synthesis of ‘colanjp acid.

If Z2P10 is nbt making colanic acid, it might pge
producing a K-antigen. This would réquire a model where the
st;uctural genes for K antigen proﬂuction are ptesent in
E. coli K-12. A- previous mutation 1in a gene coding for a
repressor would have Eaused permanent rgpres§{on‘of the
system. The Mu d(Ap lac) insertion might have damaged this
gene causing degepression of the'génes{coding fpre the K-
antigen énzyme§. The iqsertidn you]d reverse tﬁe original
defect that had occurred in the wild type. |

J}l .

¢) The ndture of the polysaccharide

The IR sbéctra of the purified polysacchardie from E, .
coli K-12 strains M6 and ZP10 and the results of our
chemical analysis are consistent with the(exopo1ymer beiné a
L-fucose containing polysaccharide. The‘IR spectra also
indicated the presencJ of some uronic acids. The pmr spectra .
of ﬂﬁ and ZP10 do shoy slight discrepancies and die to lack
of resojutioﬁ‘iﬁ thé darea where these occur, it has been
‘difficult to evhluate their significgnce.

¢

The'cé11-bound exopolysaccharide produced by M6 and
ZP10 behav'ed -identicaallly during the purification.Both
brecipitated at NaCl concentratiﬂns in the'regfon where
colanic acid .is known to precipitétg as a Cetavlon compiex
(40). The critical -salt céncentration at which these
complexes precipitﬁte, is a function of the .anionic groups
in the polysaccharide and of the molecqlar'weignt/of the.

. .83




. polymer, For a given anionic polysaccharide there is a

. 1inear relationship between the molecular weight of .the

spécies and the salt concentration at which it precipitates.
(31). That complete precipitatién of the polysaccharide;
Cetayion‘COMp1ei,was obtained at the same salt
concentrations for the M6 and ZPlb slime layers suggests
that the two probably have similar molqculaf weights.

{ .
Immunological studies which are now being carried out

~for our laboratory, should determine ';hether the

polysaccharide produced by ZP10 has the same serolqgica1
chakacteristics»;s colanic acid,

Somé. K-antigens are composed ‘of the same
monqsaccharidés as are found in co]an%d acid.® The
ex1sten£e-of such 'overfpp demands cadtion in interpreting
the.physic$1 data. Cetavlon precipitation as an analytical
tool has not been tested on all K-an;igens and it is likely
that tﬁis techﬁ?que only distingdishes bet;eén the M
a;tigen and some df’_gne apgroximate]ylloo known K-antigens.

| If the ZP10 exopolysaccharide is indeed colanic acid,

then there is a locus close to serA which is instrumental in

controlling its biosynthesis. If the polysaccharide is a K

'antigen, then these results indicate that linkage to serA is

not exclusive to the‘]ow molecular,weijht antigens as has
»

been propased by Jann and Jann-(24), because the Cetavlon
precipitation indicates that the ZP10 polyﬁaccharide is .of. a

molecuTar weight_comparab]e to that of'colanic‘acid.

’
.
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d) Physical aspects of the insertion. ) .,
Mutant ZPiO has very low',dlgalactosideseiaciiviﬁy.

¥gere are 'a number of possibilities tb explain this. If the

orientation™ of the Mu d(Ap lac), DNA in  ZP10 " f4s

~reversed relative to that of the promoter of the oene into

_which it is inserted, then the lacl gene would only. be

transcribed at very Tlow levels. In that case, whatever

transcription does occur would probaoﬁy result from.read -

. $
through of the transcript from an adjacent gene.

e

“Another reason for the very low /? ga]g%tos1dase levels

_\iP'ZPlo could be very 1neff1cient transcription caused by

" .destruction-of the promoter by the insertion. This would

"

also apply if the insertion occurred in a gene 'necessaryv

for 1ts'owﬁ'expression (51). h | ) —

Low /? galactosidase 1eve1s would also be expected

Cif the 1nsert1on site Ws in a regu]atory gene. ‘Regulatory
‘gene products are usually only made in small amounts£ that
‘the [f galactos1dase levels are very similar in ZPlO grown
on glycerol (non muroid phenotype) and on pyruvateW’
(highly mucoid phenotype) supports a regplatory gene site,

provided the insertion is ih the correct orientation,

"While ZP10 expressed Tow levels of /?-galaotosfdase, it

?

was possible to obtain mutants with high eh;yoe gcfivity.
Tﬁjs'on]y suggests that in grder;to obtain such mutdnts, a
promoter has been affected but does not indicate Qhether it

t -t

' is the promoter of the exopolysacchar1de related geoe or angsé-

- & ‘a\ . U‘A
" adjacent promoter. . . SR %@9 ’ RS

LN
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e) The role pf exopo]ysaceharidegy : 7
$

Exopolysaccharides piay a\Metermining roie in the

L
virulence of micro- organisms. Exopolysaccharides, especiaily

, in capsular form can provide the bagterial cel) with

'protection. The cabsuie'ef Streptococcus pneumoniae

? -——

protect the organism against phaaocytosis. Exopoly-

&

'saocharides can«hide other antigemic det%rminants of micro-

Sy
organisms enabling the, cbils to Circumvent a host's immune

Y

system. Tnis phenomenon is known bs masking (52).

\"

s

- by enabling dt to tenaciously adhere to the hosty

Ceii bound exopoiysaccharides confer a negative charge

4 \ N /

.on the Cell surface,-which o can influence the uptake of
jonized molecuies. The entry of anionic. compounds €an be . :

‘slowed while that of cation?& species accelerated. Given

the acidic character of many of the /? lactam antibiotics.
for examp]e, a negatively-charged capsule may renderathe

L}

bacterium reSistant to these drugs. (7).
. :
The poiysaccharides are highly hydrated and SO -may
help keep the bacterium moist under adverse conditions. Many

organisms‘produce these substances under nutrient limiting

LN

- .
f} Future work

RS Controi of the biosynthesis of exopoiysaccharides

o~

'warrants further study because of the insights w& can gain

E )

about the“reguiatiOn of" somplex systems, The comtrol.
86 \ - .
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. Exopoiysaddharides can also’ enhance a pathogen S virulence_ '
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'reduired for the e;pressinn of K-antigens (39).

assembl'y and export of pdlysaEcha§1de§m might be an

[N

1mbbrtant model for the nroduciion'through cl'c:ndngg

4 B -

techniques, of complex products ;nva{ving a number of genes.

© %

e It thf be necessary to carry odt a more rigorous

analysis of .the chemical structure of the P10

'exppo]ysaccharidef If it is uhequivocally proven to 6#

.colanic acid, the level of derepression of the. biosynthetﬁc
he t

o I N
enzymes‘shou1d be determined. The pattern of derepression

cou]d then be compared wi%h thoSe of the known mutations.
. ,1C1on1ng and deletion techmiques\could be used to

pinpoint the actua1 si;eﬂnear serA which causes the mucoid

gphenotype. C , . R : .

It. has been proposgd, that At least two loci are

Complementation studies w1th strains ~which e1aborate K-’

’ant1gens cou?d be used to see if this mutation is of any'

significance to their prbduetl n. ‘ ~
P ',.‘ ° ,,‘0 ' *.
o i
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