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The general protein-export pathway is directly required
for extracellular pullulanase secretion in Escherichia

coliK12

A.P. Pugsley", M. G. Kornacker and . Poquet

Unite de Genétique Moteculare, CNRS URA 1139, insti
10t Pasteur, 25 rue du Or Roux. 75724 Paris Cedex 15.
France.

Summary

Pullulanase is an extracellular, cell surface-anchored
lipoprotein
belonging Its o
Iocalization in recombinant Exenriis con requires
the products of 14 genes that are linked to the
erayme strucura gone in the Kiebsiella chromo-
Some. In addition. we show here that six sec genes
(secA, sech, secD, seck, secF and secY) are all
requlveﬂ mr processing of e prepullufanase signal

occur. This implies that pullulanase
G the cytoplasmic membrane via the general
export pathway of which the sec gene products are
essential components. Removal or drastic alteration
of the prepullulanase signal peptide cause the
enzyme to remain cytoplasmic. We propose that pul-
lulanase secretion occurs in two steps, the first of
which is common to all signal peptide-bearing pre-
cursors of exported and secreted proteins, whereas
the second is specifically involved in translocating
pullulanase to the cell surface.

Introduction

Al perplasmic and outer-membrane proteins ol
Escherichia col K12 as well 35 a few cylopiasmic mem
brane proteins. are made as signal poplide bearing pre-
cursors thal are transporied out of the cytoplasm. across
the cyloplasmic membrane. by the general export paih
way (GEP) (reviewed in Pugsley. 1989). This pathway
comprises (i several cytosolic chaperones ncluding
Sech protein (Kumamoto and Beckwith, 1985 Weiss et
at, 1988, Lecker of al. 1989). GroEL protein (Kusukawa
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er al. 1989, Lecker et al. 1989) and possivly also Dnak
protein (Phillps and Silhavy. 1990 that maintain nascent
polypeptides in an export-compstent state (Pugsiey.
1989, (i) he SecA prolen that binds 10 profeins with 5
nal peplides (Akita ef al. 1390) and flunctions as a
ranslocation ATPase (Cunningham and Wickner. 1983}
(i} at least four integral cytopiasmic membrane proteins.
(SecD. SecE(PrG). SecF and SecY(PrAl} that probably
form the signal pepiide receptor andor lransiocation
channel (Bieker and Silhavy 1089 1990; Brundage et al
1990; Gardel et al. 1990), and (v} two Signal peptidases.
e of whch (ipoprotein signal peptidase ' speciic for 3
subciass of secretory proteins in which glyceryicysteine.
forms part of the cleavage site and is thibited by the
antibiotic globomycin (Pugsley. 1989;. Many of the com

ents of this pathway were idenified through Ihe
analysis of mutatons that diminished the export of sev-
eral dfferent proteins or that increased the export of pro-
tens with debiltated signal peplides ireviewed by Schatz
and Beckwih, 1990]

Wi few exceptons (e.g. Feimiee el ai. 1985
Delepelare and Wandersman. 1989). extraceliiar pro-
teins secreled by Gram-negative bacteria also possess
typical N-terminal signal pepides. implying thal they 100
might cross the cytoplasmic membrane via GEP (Pugs:
ley. 1988). In many cases, the exiracellular secreton of
these proteins is blocked by mutatons that are without
effect on the export of periplasmic or outer-membrane
proteins, indicating Inat if GEP s involved. i is not suf:
cient for extraceliular secretion (Pugsley ef al 19500). In
the case of pullslanase (PuIA). a cell surface extracellular
Iipoprotein produced by Kiebsiela oxytoca and Kiebsiefia
plantolytica (Klebsiella pneumoniae Kisbsiella  aero-

genes). we have shown that all but one of these genes
are in an operon that is coreguiated with the structural
gene, puiA One f thse genes codes o s copasmec
proten while st s code for cyloplasmic mem.
brane protemns qugs\ﬂy et al. 19900). This led us to sug:
gest that some of these pullulanase-specific secretion
factors might partially or completely repiace GEP for pul
luianase translocation across the cytoplasmic membrane
(Pugsiey ef al. 19300). In the present paper, we make
use of the fact that the entire pululanase secreton pah
way has been reconsiituted in € cof K12 (dEnlert ef ai.
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1987), making it possible 10 analyse the effects of muta-
tons or conditions hat reduce the eficiency of protein
xport via GEP on pullulanase processing by lipoprotein
signal pepiidase and on s secretion.

Results
The Wegu!y o the prepulllanase signal peptide is
ined for exi from the cytopfasm

In order o test whether the pulluianase signal pepide 's
required for pulllanase secrafion. we consiructed three
different pulA mutations i derivatives of pCHAPBSE
{Fig. 1. Komacker an 1990) which were
designed lo render the signal peplide mactive (Pugsiey.
1989) o1 to remove it completely (Fig. 2 and Expenimental
procedures)

The wild-type and mutant plasmids were intioduced
Mo sirain PAP10S carrying pCHAP710. a compable
PACYC184-derived plasmid camyng i puliianase
specifc secretion genes (Fig. 1. Komacker and Pugsiey,
1990}, The resulting Strains were maintained n early
exponential phase i minimal medium o which  mM iso
propy-ro thiogalactoside (IPTG) and 0.4% maitose
were added 10 1nduce expression of puiA and the puiC—
pul aperon of secretian genes. respectely (Fig. 11 As
reported previously. pullianase produced under theso
condiions by sirains carrying wid type pulA was aimost
entrely located on the col surface. as determined by its
accessibilly 10 the non-peneirating substrate puluian
19900)

e
PUIATO7. UIAZO1. or pUIAZD! alleles produced 3pprOx
mately the same amount of pulluianase as those carrying
wittype puIA bul itle of s actiiy was detectable in

Whole celi. inaicaing that the enzyme had not reached
the cell surtace (Table 1). Fractionation studies indicated
that the actwity encoded by these mutant plasmids was.
mainly cytopiasmic (Table 1) whereas wikhype pulks
lanasé was apparently presen! in the envelope. cylopias-
mic and penplasmic fractions as well as the cell debrs
inespectve of the presence of pCHAP710 (Table 1), The.
aberrant behaviour of wid type pullulanase during cell
ractionation by procedures such as those used here is
due 10 15 tendency 10 lorm protein micelies upon release:
from the outer o cytoplasme memranes (e g. Pugsley
o131, 1930a) Furthermore. sphaeroplasts produced from
cells in which puiA s highy expressed are rather iragie
and release some cyopiasmic proteins.

Only wistype pulluanase could be 1adelied wih ['H
paimitato not showni, indicating the absence of fatty
acylation of the mulant polypepies (Pugsley ef al
1986) This resut was expected in the case of the
puiAZOT encoded protein. which lacks the Cys residue
that is normally fatty-acylated (Fig. 2) In the remaining
two cases. however. the data agree wilh he fact tha he.

he cytoplasm and i

pulh e
Pulnl0?
pulAzol
pulazol

Fig.2. Amin st saquences (sngl ke cos ot
s rcooed oy wis e A 1137 30 00 01
s e o e 0 proccsg e Toomomnsra
oeptas i i type
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be modiied by fatty acyl ransferases localed in the cylo-  lanase-speiic secretion genes (pulS and puiC-0) from
plasmic membirane. We conclude that the prePuA signal  pCHAP231 migrated sightly more slowly than maiure
peptide is essenialfor pullianase secretion PUIA (Fig 3. lanes C.D and E). This s the reverse of the.

situation previously observed with puluanase produced
by K. plantolytica K21 (Koracker ot ai. 1989a)

identfcation of a pulanase precursor

Signal peptde processing is usually indicative of tans-  Eftect of the MalE~LacZ hybrd on pullianase secrefion
location across the cyloplasmic membrane via GEP. In

order (o investigate the GEP-oepandence of pulluanase
secrelion. we Geveloped a gel system capabie of separal
ing mature PUA from prePulA accumulated in
globomycin reated cells carrying puld from K- oxyloca
sirain UNF5023. Bocause of ther large size (+116 kDa)
thase forms of PUA could only be separated in 30-m
tong gels of % acrylamide containing 0.1% bisacry!
amide, which 15 half the normal concentration of cross
inker. PrePuIA produced by globomycin-reated £. col
expressing puiA from pCHAP17 or puiA and il pully

We reporied proviously thal expression of the
malE—iacZ72-47 gene fusion (stran MM18) whose pro.
duct (a maltosenducivie. maltose binding protein-i-
galactosidase nybrd) blocks proten expo'l {and nence
recurso pracessing) (o e . 1961) oreput
sheving processing in & coir explessmg s uth and oS
rom K. planioynca ATCG 15050 (Pugsiey of a1 19861
This is also the case for £ ol MM18(pCHAP231) in
which pulA and all pullulanase-speciic secretion genes.
are expressed (Fig. 4). and in a strain with puiA alone.
(MM1B{pCHAP137). Fig 3. lane B and data not shown)
The efiects of MalE-LacZ were abolished by a mutation
(maif 19-1) that inactvated the MalE signal peptide of the
Byt s and prverkd i anry > GEP (stramn
MM7 in Figs 3 and 4: see Bedouelle of al. 1979, for

devansJ

The effects of the maiE-iacZ gene fusion on preMalE
processing were almost identical o those on prePulA pro
cessing (Fig 4 ano data not shown). Boin prePulA and
preMalE were stable and could not be chased to the

.0
ih

Fig. 3. Setaatn of processa o ungeocassan pulsanacs by
S goiacryiamio g0 locoghoress e golcontane 10~

bracryiama. : mature forms even after 30 min. The pulislanase pre-

Sttt | s cursor that accumulated n maltoseindu
TIOGHAPI371 el o) xclseny e P e o "

. MMIBECHAR 127 oroducng lmost éxchusuey procursor PuA o (pCHAP137) or MM18(pCHAP231) cells migrated siightly

1ty €. PARTOSIPCHAPZ31) prctcated blore lsbehng w2003 11 more siowly in SDS-polyacrylamide geis than the precur-

b0y for 10 10, prodcng sxck sl gracsor PR D ¢ Sor that accumulated in giobomycin-treated cells (Fig. 3

Dt s PAPIOSRCHAP 137, €. 2 C. ot it Gocomyce

1anes B and C) It was expocted that the two precursors.

realment m. matue puianase. . procursorpanase :
poprpices ‘would benave iferently because the latter probably has.
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adiacyiglycerde madified Cys' resicue whereas the for
mer does not (Watanabe o1 al 1558

The arrest of protein export by MalE-LacZ s etna to
cells. which are consequently maltose sensitive (o of i
19811 even when the cells carried pCHAPZ3Y This
imphes that secreton factars encoded by pCHAPZ31 do
not provids 2 bypass pathway by which pululanase (or
essential envelope proteins) can be exported when GEP
15 biockes by MalE-LacZ

Pululanase actviy i cultures of steain MM!8 canying
PCHAP231 or pCHAP137 ncreased as incubaton in mai
tose-containing medium contiiurd. In MMISECHAPST)
the enzyme remained cryptic (<2% exposed 1o e sub:
sirate pulluian) unt after projonged inducton of Maik
1862, which resultec in fysis. In contrast.pullutanase pro
Guced by MMIB(PCHAP231) was inially entirely cel-sur
face exposed. but prolongod nducton of malE-lacZ
gradually reduced the proartion of toral enzyme activiy
hal could be detocied in whole cells 13 50-60° atter 5 1
incubation, These results suggest tat mhiniion of prépul
lulanase processing caused by a MalE-LacZ-induce
otk 1n GEP preverts e enzyme from reacning the coll
surtace. probably because pulllanase uses GEP 1o
€055 the Cyloplasmic membrane: see beiow).

Eftects of mutations atfecting GEP on pulutana
cessing and secrefion

Inthe next seres of oxperments, we testod the eftects on
pullvlanase processing and secrefon of Mulatons
are known 10 affect proten export via GEP The mutants
elong 1o three phenotypic classes” heat (42 ) sensitive
(secA. secy and groflL). cold (24 Ci-sensitve (secl.
seck and secfi and non-condiional 1sec) Tne per

misse lemperatures for T temperature condiional
mutants were 30 C and 34 C. respectizely Figures 5 and
6 anc Tabie 2 show representative resuits of expenments

10ns on the processing of prePulA and four other precur
s0r protens. namely preMalE . preBlabt ffi-actamase
encoded by the puiA beanng piasmids). prePhoA lalka
ine phospnatase and reOmpA [outer membrane

ten Al As above. tne experiments were performed -
isogenic stans La"qu PCHAP137 or pCHAP231 (Fig
1)10 assess the effects of pulluianase secretion factors.

sy a8 000 e abe i o
maimal 70 shorty mutatons
Caused simiar detects n oveB!aM oMo pre-
OmpA processing. except Wt preOmpA was not
detecteq i tre secA” mutant unt afg o
shown)

The groEL" mutation was totally witrout effect on pre-
OmpA ot shown) and prePulA (Fg. 51 processing 15
M 10 4 1 after the culture was sifted to 42 C. but smalk
amounts of preBiab were detected atter 20-second pulse
Taeling i the GroEL” mulant atier on hour or more at
42 . This precursor was ot detectable after a tutner 40
s chase. The result is in ine with previous Gbservations
o tha erement or GroEL pren 1 o Bnt
Processing (Kusukawa et al 1988,

The secD™ secE" and secF  mutations all caused
Getects in processing of preOMmpA and praPulA (Table 2)
and the secD and seck mutations were aiso found o
iock prePhoA processing (not show

FreOmph. 51eMAE an e were al setected
the SecB murant (Fig 6 and not shown). bt the mutation

Mutaton. 4+ -+ =
.p

Sech im
— P

Sec -t
GrOEL  wm - @B =< m

9.5 175 et oced it

oL mmons e 1 BCHAPYS SR s Tae 3
P g, T s e a1 0 C e e

EIENER R ——
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shown. as reported previously (Kusakawa ef al. 1989)
P

o the mature form (Fig. 6), whereas both prePuiA (Fig.6)
and preMaie (not shown) were sovareny v

In’summary. mutations in secA. sec8. secD. seck.
secf. and secY al block prePulA pmcessmg under condi
tons where processing of other precursors was also
blocked 10 a smiar extent. The extent of prePulA pro
cessing (in pulse-labeling experiments) and fhe incuba
o fime required at the non-permissive temperature for
P1ePUIA o bo st detocted were both simiar o those
onserved for other precursors tested. More mporanly.
the Knetics of appearance of prePuA and the extent 1o

dentical

ing pCHAP137 or pCHAP231 (Figs 5 and & and Table 2)
This means that the pullulanase secretion factors do nat
influence proPulA processing

The effects of the MalE-LacZ hybrid suggested that
PrePulA processing was required for cell-surface expos:
1on i cells carrying pCHAP231. We predicted that a sim
ilar defect would be observed in cells carrying sec mula
tons. Experments designed 1o test this were compl-
caled. however, by the fact hat very ftle pulllanase was
produced after shifting cuitures to 24 C. and that puly

is unstable at 42 C. Nevertheless. the pro-
portion of the total amount of pullianase exposed af the
cell surface in pre-induced secA” or secY * strains carry.
ing PCHAP231 deciined from 100% at 30 C 1o 60-80%
after 4 h at 42 C. This defect in celsurtace exposition
was even more obvious (40-60%) n cels simultaneously
induced with mallose and shifted 1o 42°C. No change in
er cent exposiion was observed in wild-lype strains of in
the gmsv mutant at 42 C.

percent pululanase exposition i CK1953
mcuwzav» (secB) was consistently 20-40% compared
With 100% in MC4100(pCHAP231). Al least part of the.
pululanase exposilon i the sec8 mutant may be due o
lysis because 15-30% of the pulliianase actiy n
CK1953(pCHAP137) was Gelected n whole cells fcom.
pared 10 2-5% in MC4100(pCHAP137)).

Ettect of pullulanase overproduction

PrePulA was sometimes defected in large quantiies in
widtype cels caryng PCHAPSSS. a PEMBLE (pUCS)
denvative in which pulA is under exciusive 12cZp conrol
(Fig. 1, Dente et al. 1983; Komacker and Pugsley. 1990).
PrePulA accumuiated in fully-induced strains carrying
PCHAPES6 was not chased 1o the mature form (g 7)
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Pracassing of preOMpA was also deiayed but not abol
ished (Fig 7). The comoined effects of full mnduction of
pulA 0 pCHAPSS6 and he presence of the sec muta
tlon completely biockes prePulA processing (Fig 7)

Are other genes required for pullianase secrotion”

Earlier experments In which he K plantolvica sirain K21
chiomasome was mutated wih Tn70 suggested that
mutations oulside the region containing pulS and puiC-O
could prevent puliianase secretion (Komacker er al
18830) Unlike sec8 mutations. these mutations were not
lethal i rich medum and da not apper 10 afect the
export of other proteins We reasoned thal the corres.
ponding genes should also existin € coli K12 and here.
fore mutagenized siain WAT1ipCHAP231) with Tns and
screened the mutants for defects n pullianase produc
tion on redt pulllan plates (o Enfert ot a1, 1988). O the
8368 clones tested. 24 produced smaller hydrolysis
zones. Of these. 5 cared insers i the puiD-€ region of
PCHAP231. 15 had reduced pCHAP231 copy number. 4
were Mal ang 2 had reduced leveis of puluianase and of
amylomaltase. dicating a partial defect i the maitose
feguion. possibly al the evel of maltose accumulaton
Thus. none of the mutants was specically affected i
terms of pullulanase secreton

Wo also lested a number of mutations hat are known o
affect auter-membrane function. including 10/A anc 1018

tion {Levengood and Webster. 19891, 10/C that prevents
wrhaemolysin secretion via a signal peptide-independent
pathway in E. coit Wandersman and Delepelaire. 1990)

and tonB and exbB thar prevent energy coupling 1o cer
tan outer membrane tansport systems (Postie. 1990)
(see Table 3 for strains). None of these mutations had any.

formants carrying pCHAP231. ana only the fo/d and 1o/
mutations reduced the fevel of pululanase activty o
approximately 10 of that in control cels:

Discussion

The resuts presented here suggest that pululanase
secretion in £ colirequies ol only s cognate secrefion
factors (Pugsiey ef 21 1390b] but 2150 the products of six
sec genos that were onginally charactenzed as requs
for e export (processing) of ceil envelope protens. This.
is the st tme that sec gene dependence has been
demanstrated tor secreton of an extraceliar proler
Since only sec mutations prevent processing of the pre.
PulA signal peplide. 1 scems probaoie that puliuianase is
translocated across the cytoplasmic membrane wia G
and that signal peptde processing and fatly acyiation
oceur as for other lpoproleins (Watanabe et ai. 1988,
This process may constitute a discrele step 1 the pully
lanase secretion pathway that s distinct rom: the: second
step in which pulluanase-specfic secretion faciors par
fiepate only after signal peptide srocsssng nd posiy
across I

(Pugsiey et al. 1990a.b) have ccoted

I is not yet known wnether cytoplasanc membrane.
anchored pullulanase that accumulates i the absence of
bul gene-encodea secreton factors (Pugsley ef ai
1990a.0) adopts a full foided. actve conformation or

s

Thus. although GEP a i
for signal pepiide processing. pulluianase secretion func-
tons may be required to compiate ranslocatian across.
the cytoplasmic memerane. or may interact wi
palypepiide during transiocation. This could explan the
requirement for pultuianase-spacitic Secrelion faclors
the cylopiasm and in the cytoplasnve membrane.

In considering the eflects of the sec mutatons on pro
tein export and seeretion, i 15 important to be clear about
what the accumulation of a precursor protein actally
means. The fact that a particular precursor accumulates
when a given Sec mutant is grown under non permissive.
condiions need aot mean that the product of thal sec
gene s required for the export of that proten Consider.
for exampie. the effects of a mutation in a hypotnetical
sec gene Inal s required only at 3 e (€9 POSLPIOCESS.
109 stage e eport ol s suoset of envaiope pro-
16105 via GEP. T

cause pr le up at earlior stages n the pat
nntbocomes emwe‘y Jammed up. preventing the export



of all proteins via GEP The presently available data on
e functions of GEP components suggest that SecA and
SecB act al an early slage. prior 1o confact between
precursor proteins and the transiocation machinery n
the cytopiasmic membrane. The fact that secA and secB
mutations both prevent pulluanase processing and
secretion (cell-surface exposiion) must herefore indicate
that both proteins are required for these events. Among
the identitied or pulative components of the transiocation
machinery. SecE may act prior 10 SecY (Bieker and Si
havy, 1950} while SecD and Sec have relatvely large
perplasmic domains which might indicate that they act at
astilater stage (Gardel e1 al. 1990} Thus, the evidence
hat sec genes coding for components of he translocation
machinery are required for pulllanase secreton i
Strangest for the seck gene.

Another possible source of confusion in the nterpre
tation of the effects of sec mutatons s that they wil
almost centanly affect the export of PulA-speciic secre
tion factors 1o the cell envelope. For technical reasons.
we cannol rule ut such effects as one of the causes of
the reduced efficiency of cell-surtace exposition of pullu
lanase when GEP is blocked by Sec mufations or by the
MalE-LacZ hybrid profein. We can. however. discount
such effects as a cause of the reduced processing of pre-
pulluianase. which is entrely independent of the pul gene
products

Wo reported previously inai pullulanase accumulated
the cyloplasm of Cells in which pulA was fully expressed
for long periods from pCHAPESS. a hgh copy-number
plastid (Pugsiey ef al . 1990a). We have shown here that
prePUIA accumulates under the conditions described
the previous report. and that there s an absolute correla-
ton between the accumulation of this precursor and
reduced effcency of cellsuface expostion of the
enzyme. 1l 15 mportant 1o note that the non-secreted
cyloplasmic enzyme is active. at feast when the cells are
Iysed. which is contrary 10 previous predictions (Kor
nacker and Pugsley. 1990 Pugsley efal. 1990)

Given that most extracellular proteins produced by
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Experimental procedures

Bacterial strains. plasmids and media

£ corkrzs: © bsted i Tabie 3. The plasms used (Fig
)l dernga om GHAPE (5Ewen o1 a1 19871

POMAPESG ang PCHAPTIC arw descrbe by Komacher and
Pugsiey (1990). pCHAP137 compnses an EcoRl- Hndil fag

F Tt pan rom PAPL5 e 1 v evens
fac2 promerer. Siran CK193 (sec) was relractory o transfor

fied shghty by growng cels n mimmal medum (se Gelow!

sq the 12 bp imker 5 pGATCTACATCTAT info the

of puiA i1 pCHAPBSS (see Komacker and Pugsley 1990, The
Same 12 by sequence was also inroduced o the frst Bamt
St of pulA 11 pCHAPESE (see Komacker and Pugsiey 1990, 10
create 4 unique Bgiil ste. The Bgill-Hindil fragmont of ths.

19 PEMBLS cleavedt wih Bamb and Hidil 50 thal 1o 5 end
of lacZ of the vector was
plasmid ipCHAP105
05 of e Pulh denvaties encoded by These mutated genes aie.
shown nFig 2
‘Cells were grown 1t L Drofh. or M63 minal medwm contain
10, 0.4% maltose and 0 4% casiming acds
o0 below) CK1953 coud only
be grown in mnmal medium. Antbolcs used were ampeiin
{Ap 20059 " for CHAP231. pCHAP137. and pCHAPESS and

Gran-negative bacteria are. fike pulluanase. made as
signal it

1ng i they 100 required factors corresponding fo the €. col
sec gene products for ransport across the cylopiasmic
membrane. Complex secretion pathways with compo-
nents structurally similar to those encoded by the pul
genes are now know 1o exist n several other species of
Gvam negative bacteria (A Lazdunski. G Samond and
Tommassen. personal communications). It s not yel
poss:ble ovest whatr these pathways include a GEP.
component because sectype mutations are not yet avail
able in the bacteria concerned and because the complete
hways <ot

15 denvatives). crioramphenca (Cm 25 g ml  GCHAPTID)
Tet 1509 mi ') for F Tn16.
160w 157 agar a5 appropnale for use i Petr Ghes. Cut
s were normaly Incubated at 30 C excopt or sauns cartying
tomperature condiional mutaons (sec Table 31 These were
qrown at the permissive temperatures. and the absence of sup

and non-permissive temperatures. In 3 cases. <0.
formed colonies at the non pormissive temperature.

- of cats

Assays

not yet beer

(Mcnzets e

. 1985
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Table 3. Stran o € o K2
Sean

Pavios
ez

ceun
P

[~

i g ac2mis,

019 ARG 373
ot

gt

cozen gkt ss
€ oS e g ey A

-
B0 riC 5

Toro
a8 st ok

ey
o Tois

a5 e Co A0 e sy, g

Gellwee ysed o rolease cyplc enryme) win 05 ool
mase s ng

maliase was assayed according o Pugsiey and Dubreui (1988)

Cel ractionation
Calls fiom 20 mi of cullre grown 10 mic exponertial phase
(GD.. = 1.0} wore hanvested and resuspended in 2 i of 10 M
TASCI (pH 7 4) contarning 06 M sucrose. Lysozyme (fnal con

had been converted to sphaevnp\asls as udged by prase con
‘wast microscopy. The cel 5. was then centrfug=o and
1 supatenant fathon fomed 25 0 porgaam. Tha petes

Iogson, ard e raivanes oodeed o an acartige 31
163000 - glor 2

Labelhng and immunoprecipitation

el yar ol o It s 1 lempore
Jch they had previously been grown. [ S| methionine and

PERp—

i paimtate were used at 20-100uC: and 100uC: mi
respoctively. [

oot S50 0% ama kg by o € Con.

ol experiments snowed hat this procedure gave he Same

e 2 precpiason of ol i 20 meneroseAc 4

S ysed cels ware dluted
iy

oendedinSDS sampl bl (100 M TiCL6H 80 5% SOS
13% ghycorol 1 ) and heated 10 100-C for
Smin Pamiae Im\mg was, periormed under simiar cond:-
tons except hat abeling was contnusa for 30 mn,

Samples were separaled by SOS poiyacylamde

i gefs were exposes 10 Kook XA fim tor autoraco
araphy Pretreament wiih Amphty Amersham was used orge's
ioaded wih (Hamae labeled samgias. Quantlcaton was.
peromed by cuting out the radoacive bands dentlia by
utcradography. dssowng them i Protoscl (New England
Nuctear) and countiog m @ ssetaton courter
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