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Tae cowon root of 1ysis ol Lschericnia coli by
— (.,-com report on “phaze enzgiaet (1), : S R

oeadelllin or by phagse.

by e weidel and J. iriaosizh : -

Zeltschrift fUr .aturfosschunz, 12b: 421427 (1957).

isuring the observ.iion oi lyscu coli cells unier tae buise conblast

ﬂ’iCFUSCOPG: it becouns avparant i wd ttely vass iv isinm 205sible Lo Wiler~
entiice norpnclogicully wheiler Lysis had bec. olfecied by wase {os celaliy

"external lysis" with W2, T4 or [6) or o, punid liia.
su;cested 00 Uy soms tlme agfo uiat enieillin, as a typical o .;ii‘iur,ic, upre-
veubs the ircorporation, by biosynt.etic blockade, of 4 ».rii coueadeald
coiponent into the cell wall, for wie i iudily of viailch ic i3 ressousible,
while, conversely, certaln victerioniize acidvelyr clowe off Lac cuc
"ripidalty component" from ihe norual Cl-ll wall, and this with the a‘-.i of
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inherent cnzyme, the existoace of wilch (ussuued yeurs <o (2) has Q=
tensively confirsed recently (1,3). In wii cases tuo visibic oo is the

2

soherical cxpansion of the ¢ell wills, or, depcuding upon thelr clisulceity ana
vhe extent of structural cuuige, ticir bursiding or fie appe.ruace of peculiar
protubcraices. The driving force behlnd tiese, soneilies mo.cabarily develon-
ing form changes iay be found in diflerences in jressure (e,3. osmotic) beiween
the interior of the cell and its surroundings.

The suspected relationship becomes cven more distine: if compurisons aic
-made of the comditions under which 1ysis is cuused by vhage enzyme on one hand
and penicillin on *the other. .Jaile pevdcillin uctuastes iynical ccll chunles
(ood pictures in l.c, (4)) only wien tiie cells ire _iven tie possibiiiiy o
Zrow Dy an adesuate supply of nutrition, "exicrnal 1lysis" bj DasZe, on u.\.
contrary, tikes plice only vhen aciive cellulur ..u.w. bolism is revantca vy
corresponad 1y reasures (5). The exolination i3 obvious on the bisis of
rorzutlited nyvothesis. Uells with a functioning :etabolism =re abie Lo ripilly
re2ir ue holes eaten by tie cuzgyme of zusorbed ph:.'-'c varticles,  Jneveldore
taey remain intact morphologically. Fenicillin, on tie other h:una, cun be
c{ieciive only if tne cell is actively extending its wull., inder weifie
blocking etfect of penicillin, new areis of the cell wall are :mvuwnced wiich
4are no longer rigia and which soon protrude und burst in the hyoviondic mediuwn,
causing iz destruction of the cell.

e

Lile s,

£e hada plunned to sunport the h,r')o. wesis nroseonted here by vcensivind
aralyses of Magndeiliin nesbranes" of . ccli, in niich the I'i‘::y\‘..\._, Gioneats
were toougat Lo be lucking or stronsly roduced cuii: ,iu wavel e Lowaves, Lk
cuntinu.cion of dlreagy started work on iLhe chiuiilc.l o Luiee ol u:lN Wwill cci
p\...‘:..... solic off from normiul Felbruies LY ale g,.;."y.’.c, vivihol, Qo Al W
the wrcceddiy;, should be lumtical with the ridddyy conmnen o wal Jlot v
all to sielu o firm, analyded Lasis Jor subscouone inw Loulelionz of
veaiceiliin ne.branes (vrobably incoimlete ¢ ..c,:uc;ll;'). aio Sesbs Lau nes
. O been -st_bidshed, as showh in tha exonerinenld part of tLis vape
T - - e - SR
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voanwhilo Lt soums to lhuve becouwe suporiluous to catend thie olitwicu e
Zwvestigations to penicilldn nebranas, Fark and Steondnger rocently ;uvblicin ~d
o a thesis on the offeciive mochaniama of panicilidn (6), in wilch wai ity o
3 ments were Mstea to tho cefreel thabt nadelliin dndoed provaats tue woral
] _ construction of bacterial cell walli. s e.rly as l‘)w), Fars wha vounson (7)
" _“noted the accumulation of very co.:licitewa wtructuros or uwriddnu=auciovtivay

5
t

by a periecillln-inhiddted awph ;ococ_k.s aurcus, witioubl ungesstanddny ive

E notabolic slzndficuico 1t thn tise.  Juo dnadeated tiivsls now canlidns Lau
3 © o oo rmajor accumulutions of uriuine suelcoside as the enorgeticully .ctivateu ron.
. - wepf an dmportant cell wall builuing suvoune of tials widcooorjaniui, cuwsisviay ol
"7 " alanine, glutandce a.ciu, Lrslie andmaurude acic! (srovibly o 3=0- theev.riuiy-

3 | ethyl-hexvsamdne (8)) iu a nepcide chadn. sondeiliiu is sald to provent =--

- o -z -=in a ramer as yet uncertalin === the iucorior.tion oi Lhis Cuoipled iluto wic
’ - - cell wall containing the inddcuted four w.oic substances ad bu.is.'h'ui\»l struciur-
al cuiaronents, os aetermined Ly scourate totul cnairses (8).

In fuct, alanine, jlutamic acid and lysine (or, i-stead, &, E —ciwndino- : :
~ ~pimelic acid), and sometimes glycine, occur in narticularly high concentrationa |
in all analysed cell walls of gram-positive wdcroorganisms, a circunci.alce ;
w-lch was considered almost a chiaracteriz.tion of ram=positive bacleria {
(9,10,11). The manner ol their construction within the ccll will hus nob been ]
clarified, however, so thut an esuential argument in Park and oirowdinger's ’2

_ thesis is still lacking.

U , !

O N - | | | |
Our-Presens amly.,ﬁs sho\i that alanine, glutwaic scia, dandnopimelic ' 1
0 acid and muruaic acid are churactaristic constituents of 4 Lirticu—.r isjwr i3

.t T W  of the coll coll wall, i.c. the cell wall of a jram-negulive org.ulsi, eou !
senuar.ted therefrom by the Hhige enzime in the lorm of conuccted coupic.ics |
wiich, in addition, contain giucosuaine and some glycine und iysias. DPara :
] and :atro}nmrfer's thesis is strongly supjorted and complensnied Luersoy, v
coacept of the common roct of lys:.s by phage ana lysis by peideilida

beoomes ertirely appropriate. :

I~
Pateriul ana netnods.

Seuiibadiol

Prep.ration of coli membranes: . described in l.c. (2).

Preparition of the linopolysaccharide liyer of coli meubrancs: .8
described in 1.c. (12}, but without pancreatin digesiion folliowing wissocia~ i
~ tion of phenol.

Jecomdosition of membranes with dinitrofluorovenzene: ..s descrioea in
l.c. {1).

-roauction of phage enzyize in the form of & solution with reluidvely higa
aclivity: . few ml of a T2 suspension vith a ..itcr o auorosdm.dely 2+2013
. are iixed with a trace of dcso:q'ribonucle.ase and re -heuly frosa in @ wry
: ice=butanol cold bath, then melted and warmed to roo: ie. eraure vl the
rdxture turns into a thin liquid immediitely ofter welid:i wiw a8 Irce OO .
. O tiureids. Dia has then been completely resoved from the neaus 0l b .oiw

oarticles and sufficlently degraded by desoxyribonucleasc W ceise ovsurucvl.l |
the centrifugation of phage shells, contuining the tullk o1 phige prouein

2
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- tadned dn the supernatunt which coulu ve used for the purooses of ue sresent

{. nhour at 4C,C00 rpm). sirudleaneously, a consddarable quaniic: o ¢ussie has
Joauc into solution and, lozetier with the aegrad.don prouucts ol wig, Ls cun-

“investigation without further puriflcation. .anld testdnzs for .cbivivy witn
alnitronhenyl wewbranes, as doscribea in l.c. {1). Uhe <Xssolved an
sgnnrates a yellowlsh .wterial fro:n such noudr-aes aud adsorved -aage, but hus
tho savantaze that mixtires to Le analysed paper chrouuvorrajhically ire not
contuminited with unaue anowits of snige protein,  The nartdcies ol DdA un=
avoldably earsies ovor with this cuwe enzyue solution wo not disturb hyuro-
lyslis and paper Curvwato ru iy for walno welds and amdno sujars.
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Lydrolysis for wilao weics wnG i dno sugars: 6-n.Hcl/1159/16 h, i
caroirals for sucars:  2-n.Hel/1009/2 h. \
garomitosrachy for aidno acids {w.¢ wiino sugars): 1. Uirension wutanel/ N
acetic acid/water 4:1:5; 2. Jiicusion nheiol/wuter d.2 in aluoniacal «tmospiero.

Paner: iacherey, Jagel & uo. Sr. 2214.

5 ecdal enrowastography for ardne suzars: tert. butanol/é-u.HCl/water
70:1:29 (mixiuce arter Strange (13)). Fuver: cacacrey, wavel & Co. hr. 22k,

e
i

Snromatography for sugars: pyridine/acctic ester/water 7:10:3. laper:
uhatmn [ o8 lo

PN

.2sults

The coli me.brane prep.red by our :‘cthoa (2) oonsists of two layers (12):

A deeply situated, rigidly fused la‘rer of linopoiysaccharide that jives ihe -
coli cell its tynicu.l appearance, «d another, relatively tihlck, plistically
oliuble layer of lipoproteide thai covers the first one. Doth layers auy be
divorced by trestrent of tic membrancs with 90s phenol, in wnich the hpo-
protcide layer is dissolved, while the hpopuhsacc.unde Lyer remains in- :
scluble.

It was to be det.rmined initially, which of the two luyers is uistinguishea
by a particularly high contents of the threc wmino acids elandne, slutandc
acid and diaminopimelic acid (1), essecially characteristic of tiie degradation
nroduct of vhige enzyme. Thls layer should then prove to be the true substrate
of phuge enzyuas.

O O TS

hyuarolysis and maper cnromatography of paenol-soluble lipoproteide und
vhenol-inso Luble lipopolysacchuriue of the coli membrane show very cleurly
that the first indleates the typicul amino acid spectrum of 4 true protein,
with thie excention of the presence of smull aiounts of dianinopimelic acia
th.t periuns had been carried over during phenol dissociation, widle tie
llv)opol_,'s..cchanae layer contuins a conspicuously lurge uantity of aianine, :
clutwaic acid and diaminopiuelic acid as well as some glycocoll aad lysine, H
and only truces of other audno acids. The ninhydrin-stained chromuto raa
further shows glucosamine and muramic acid us especiully cdlstinct spots
(Fig., ls and b).
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Tuis 1 was debormined tint we chould use tie linen. -1;,'swc:u.;'iuu FRANO
dsolried wvith puanol, for the stuw ol tau dhase enzyae ana its CuC Vi
“eflcet, inatwu 35 WLULT we.WOThNas, sluca the xltv.LCh of Lie engyow vuviously
akes nlace_on L foroor, s aomatior ol fact, @ consplouwous ciiage i con=
sislenay of th: coabrisuje. liszonolsacelariaz any al&oudy 08 Lech .aCro=
eopicilly, 11 oo conee iy biou, Cfue wnz/is selutica is wllowed to .ot
upon it, wil: s wuch effect 15 aotea Lailiuily i counecidon wili vhiolae
erhrae .,

e I , - .. P - -
ot vurpesce of o dalag the ele wage rvauct ga rosicua, we urelsed

ahout. l il liwoou]gvsaoch riue sodiment with 1-2 nl crude engy.a solulion in

the centrifuzation tube. Tuc soidmat was simply re=suspended in tiio solution
Qi the mdature mdatadied wt P90 for 1 acur, It was then cotiflgiu ivr a
nour at 12,000 raa, e conplobtely clear suporaatant (eonoadnir Wi clowi,2
prouuct) wau rendved and Gried in the exsiccutor for hpdiolysis.  h: stuinent,
wasned once wvitii water on the centriiige, was then wiso srepired for Srarolysis.

e paner chronutogcralis of the fwo hpdrolysates saow thatl tic ligoaoly-
r?s-'xcc}nmuu i1g alwost been freed of the chardcberdistic wdao aclds slanlie,
plutaaic weid, and dladnonimelic acld by phags enzye, aad w o Laje covent
alse of slucosudne as well as glycine and lysine. 11 tuis dissoilves in iwe
foma of cohuslve comnlsxes, separable only by hydrolysis, whiilc the i.soluble
rasiuue ouly now may be Gusiga-ted chemically as "...lbopol)’Su(.c.x.Lx'lq" Moere,
Lie sugar building stones bluoose and l.-ba.m-a-umo-ncptoae (12,14) churaicter-
~istie of L. coll are retained, as well as lipoid., 7This maberiul also is
capidle of full receptor activity toward T4 (15). As .lreudy unuounced (1),
phaZae enzyae does not atiack the true rccoptor arsas of the lipepolysucciraiae

__ dwyer.

Fig. 2 shows a typicul chrowatozram of the hydrolysed muterial trhut was
separated from the lipopolysaccharide layer vith phuge cenzyae. The narticulur-
__ly distinct spots of the repeatedly mentioned, characteristic components urc
rroopnized 1.vediately. «t first glance, the whole chrom.togran is auuost
identic.l wdta that of hydrolysed, complete lipopolysacchiaride (riyz. 1b).

Lwvertheless, there are certain informitive aifferences. In narticuiur,

the concenitrational relation between jluecosamine and murairic acia in the

- eleavige proddct has distinctly shifted in comparison w the cormlete linovoly-
adCC...LI‘iul(., in the sense of u relutive increwse in muramic acid. YWhe same
coula be observed on special chrowatozrams for wuino sugurs (see “ucthoug").
The insoliuble residue of lipooo];,rs.xccnancw actually retains a gonslurrablc

~-part of the totul glucosamine after cleavage with vhaze enzye, o circuast.cce
widch nay be taken to mean that slucosaidne is present in linopoelysacch.rice
in different linkages: One part “is stiached directly to sepurable comnlides
and is aissolved out as an integral component; this miy nou ve true fur caoviiicr
part.

Glyeine and lysine were :lso founa in the sopurated muterlal toiw wro 0
arc also typicud constitucnits, althousn tney are less Llisosiiil auecoitilvely,
Pernaps this muterial consists of a :d.ture of complexes wiic. .re noi cun-
structed identically in the gualitative sense, as systciutic ir:ction.tion
will show, The uistribution and part c-ced by tne other, lesg strongly

I
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reoresented walno welds caanot ve estimibeu ua yet, (...n"ci.u.lj siice tiag waak
——. buckyround of wino uelws carcied over by itne easzyms is bolnaing to make ,
| i1loelf felt in the hyurolysaic of tie clecavagu pivduect at these lowar cun= -
] ceabrations.,

: il would be impriactical v Ty vauce 3 grcelsl picture of t.as inzuluble
‘ residue remsdindng after phage ¢ .z).0 cleavase, ywrolysed Jor awino weids and
c.rourWperadned, since a quaatlity cruival.nt o tne eleavaze druauet would

revesl ouly wesk shadows of -..'d..xo «Clu shols ca the clronnto_aun, Since tucre !

E - wad 01s0 a saell cesluauc of wluadnedicelic vala, we nusé conclude hist whe h
i ¢lcavase had not buen complets qu ..‘uunw.l wiser the chosen conuitlona.

’ dlversifiod linkage of diandicsinellec acld witain vhe Liponslysaccaardide :

siructure is considered doubtitl.

o Je hiwve no reasoa Lo wduat Uit Lo sacone wdno suwr Jound in awdition
t w ,_,lucosa...u.ne is v'e¢l.|.y afand e aclue v Wore wolc o wdimire wie susoected
: ‘.wx..a.c acdd ia our aydiolysatics witu aulhentle wuwrtae acid, kRindly Surnisihced
Oy Jre tus. Stringe.  In Lutenol/ucetic weid, puc. ol/\rm.x‘ aid tert. Lubawol/
1iCl, identical Af valueb were founa. uirlwumx., sllver nitrate wand sison=
~organ reacticns were positive.

.iscugsion

drawn therefrom, it hus been detcnained thit the cell will of =, coli iucorpo=
rites o rigid franevork which, accorda; to its cnende.l comosition, is very
similar to the typlcul cell wall of « gram=positive microorgsnisa (e.g. b.
~suotilis! (9)).

— e —— T

’ o 4$ a result of preiimliury qualivacvive lavestijatioas wnd thu conclusions

rrou thds fraework, phnge 2.z seraPales relécvively low-lolecular
retlculdar elements which procably .ot os wiiuges bewween el luarger i wol
copaich receptor-ictdve suiludng tiocks anu at +ny rate, serve to ienu co-
accion to the structure. dhe reticulur clemeals coricdst of the (peptide-linkea?)
4 suc-membars alanine, glutwnic acia and aiwmdnonimelic acid (4lon: with lysine
and zlyclne), as well as muraxic acid and g,lueos.x::dne. ‘herever they are re-
aoved by pnage enzyme, the basie structure loses its firommess and deasity.

This circumstance should be of narticular siznificarce for viral pencira-
tion, in which the enzymic influonce emanating from individual, idsorbed phape
psrticles is rather Mmited loc.lly (1,3). 35y the rowoval of only a4 few
oulcuhr clenenrs, a saall portal for the entry of virus JONA Iinto the cell is
created, wiicn i@y oe ranpiuly closed. .. complete coll.pse of the fr..ework
! occurs only when the cell wall is atlicked by phagze particles ut nunerous }
‘ 1 points dlmulianesusly aid, 4t the sule timz, the resalr of resuitant holes
un flssures is prevented by arultrary narddysis of cellular notabolisa. 1n
this edse we have o Lypical process of Mexteraal lysis " Juc nor.aal Miaversal
lygs™" al the end of tiue latent period surcly iay be avirikied to the S.iw
collanse of the frumework. Ii is procably tri_gerea Dy v Susden. Lalliucinc:
ol larze «wounts of {ree piiize engyme, nrowuced W excess iu tie l:iiecied ccll,
. tids time destroying tie basic structure frow the inside. ILiaeed sochh and
O - Joruil were ablo to demonsorite, in our aboratery, cuasiderable Laounvs of
free phrige enzyae in normal T2 lysates (16). ‘the fuct thut surricieatly

5 | %
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-that the cell wall of jram-ncsicive Lsctaria does ot poessess Juvtier

concentr.tad, frec cuzytie roduced I{roa the slage particles mivoar, Has

—menetrating effecy of dviuwlag the basic structure into »sticuiar oleiug

“and resldue, is illwadnnted Ly the sreusens baper,

If, according Lo our assuw vions, pendiedldlic cevaitls thoe Lacorposction
of thess retlaular elancitc into ti¢ _rowing cell wull, un acvuiedn; dis=
integration of tho struetur: up to fhid lysels of Lae cell musi aevaelon.
daturally panicillin 4s able Lo oxcrt tids elfeci only ovn adcooorwilmes whilch

__contadn the indicated roticul.. olciacavs dn tholr cell wull suracture (it

P

- would represeant tiie best tust substuaice for tnis efrect), tiut is, priniacdliy

on gram-pogd tive busterla a_wlist which it i3 oespecially erfociive.

e now recogalgu thw roild reuscon for t'ds consvicusus afieciive shrcili=-
clty of perdeillln, 2o importaut in therany. It Mdes in the dreiwlan

n
B3 Lo

additdonal pre* »tion agalnst wotal iupewiive  sae celd Wald of o by
negative organism such us 2. cold, on tue other hunu, DOsyESHS tals

__ilere the true, punicillin-suscepiible vasic structurs, the a:dsieiice ol wiich

we were uble to prove for the first time, is coverau Ly 4 tilcel, »liiulc

layer of lipoprotcide, concuduing as yet a larzo amount of linold .s "solicuep!
(12). -ten the framework rradually jydelus to tne iucerial oressure wue wo
prosressive shortaga of roticular vle.eats, bie 2c¢ll contenis neveruicizszs uo
not iwnmediately run out, but only axpaud the elustic externd luyer ol lino-
proteide lttle by Little, so thut the charicteristicully aistostew cell
shapes are developed which have stiimlated extensive discassions uiuer e
deal ation "L-shapes." In an enviroiient with tiie proner oswwiic @rodsuiy,

the rupture of such cells des not tuke plice at Jull. .aen the praiciilin

““level sinks, the framrwork may be re-stabilized, since tie function of Lic

cell contents was pre: :rved by the wall-lipoproteide, and tiue incorvor.tivs
of reticular elements, previously bloxced, may be continued. Grauenuzilive
cells, possessing this nrotsction, tius escape destruction by pudeiliin,
“althouzh they are by no.ieans insensitive to it, and reasswee tacir wori.l
shupe after a short weriod of srowth,

secently, nu.ierous methods have been described for tae prucureient of
Morotogiastst from E. cold B (17,18), some with the aid of Haicillin (19).
On tie Lasis of the present discussion woc consider it certain that at leust
the penicillin protoplusts of Lederberg are rot genuine prouonlasts, dui coli
cells wnose protoplasm is still surrounded by rather a thick, concsive lipo-
aroteide layer, in which only the sustalning und form-ziving rramewors I3
nartly or wholly absent. -

Jur demonstration of extensive azrceiment between tae cell walls of _roe-
noaltive and ramenegative wdcroorganisas may be linked with a fow nisterieldl
consiuerations. Thus, the coll wall of a grum-positive wacieriwm @38 wie
apnearance of tnat of a prum-negative one that has lost socihing, vr, cii-
versely, tuc cell wall of a grum=negative orgunisn rescudles it o 4 L=
sositive onc that has received un addition: namely, much lipoiu ana !

It is isteresting to note in this connection thut Salter, in one o ...
enlizhtening papers on bacterial cell walis, claims thut the cell wall ol Sl
prozenes (zram-positive), in addition to the usual bagsic struciire, ulso coi-
tulns tie type-specific le-protein (9). It .ay be removed iherelrom wils
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cagblidng fron o rnaely st Maaeea! weld salids o sur, Daweealis (20).

wandd boual ue

(TR AN XN
v o W

ctei e et el <evalopient 1s silibow fva o conpaes
TLOALALLON Thavky LOUn, O Lt oLl Wy L,
SVl Whidsa Suek QWY ey bu o soived iU e add of

dw B odea i

[ PP
Lita. Wiglevuaa

O U, JCP wed wlav vddig, sboul Lo ocoaet podnt ol abbaak
ZOAb ds soaiiy o vmue ongrue, A contention thil.l hal a0
Dren Clutriaiewss 80 Tur, v oyt woll wave tha character of a Jigreosidine (8)
Or, &b by uWab 07 A onuiuiac. Jads prodictlion 1s dude gudte ravuable
D7 e~ anlc

wl the ol

i
. LI, " L. . YR - K N PPN . .
1ot oL wid CR2AVASS DINAMSE Wild o bue ceodiovu cosiaue
wuecture,

c -

. :

ool ad el wnaole 1o aate Wading waclosurie on aay it bivu
correl wionn, in rescect to the clewvaze ruiction as well 25 conceraii, th
siructusl wetalls of the basic structure of thie cold cell wall, since to waba
we liive used onulyy Meaell menbruaices! nrenired Yy owr neihoa.  The aretarition
includes wtbtulyuls aud trypsin digesvion, tihcrefore ues nou yicld ccll walls
1o 0 wiolly wiaflected ordpin:l state, in tiie chemicedd scase.  Ia oraes o
forestidl) even wore adva:ced attaciks on the iinepulyrsacciariue luyer, 30 ie-
tning that s asswacd partdeonlar lupoestance tor us, we have, coatriry o
orevious nrocedure (12), omitted its subsequent treatieut wilh nancroatin,
wnich appirently acta unon the <eticul.r elemunts in puarticulir. The nwost
guitable m.6 el for future cucatitutive research, in our opiidoi, iu repre-
svated oy cell wolls ootuined ¢, the techanical laceration of cells (21).
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(%) rootnote: .S we h.ve aetermined in the nzantime, the cleava

se roauct

ricias stronsly positive samnles of sugir roduction, in conerast W the in-
suluble recidue and the comnlete liposolysacchnaride.,

Tliustr.tions .

iz, la. Lipoprouelde nydrolysute. cwaeration: 1. diavdne)pielic acid ‘
(anpe.rs only ofter application of lur,er quastities of hyuwolys.ie); ’
2. aspirtic acdd; 3. clubtamic acld; 4. serine; 5. glyclne; 6. threonine;
7. alaniuo; 8. tyrosine; 9. valine £ wetnionine; 10. pacuyl-lanine; 1l. leucine
¢ isclcucine; 12, proline; 13. histidaine; L. lysine; 15. argindne,

Fiz. 1b, idpopolysacchuriue hydrolysave. Dlwieration as in ri_. la;
in adaition: 16. .nuramic acid; 17. glucosanine.

ri:. 2. Zydrolysate of the soluble lipopolys.ccudride cluavage procuct,
wwaration as in Fig. la and b, The leucines {weaily renresected) are cut off.




