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ABSTRACT

The di st r i but i on of chi t i n i n Sacchar omyces cer evi si ae pr i mar y sept a and cel l wal l s
was st udi ed wi t h t hr ee met hods : el ect r on mi cr oscopy of col l oi dal gol d par t i cl es
coat ed ei t her wi t h wheat ger m aggl ut i ni n or wi t h one of t wo di f f er ent chi t i nases,
f l uor escence mi cr oscopy wi t h f l uor escei n i sot hi ocyanat e der i vat i ves of t he same
mar ker s, and enzymat i c t r eat ment s of [ 14C] gl ucosami ne- l abel ed cel l s . The sept a
wer e uni f or ml y and heavi l y l abel ed wi t h t he gol d- at t ached mar ker s, an i ndi cat i on
t hat chi t i n was evenl y di st r i but ed t hr oughout . To st udy t he l ocal i zat i on of chi t i n
i n l at er al wal l s, al kal i - ext r act ed cel l ghost s wer e used . Obser vat i ons by el ect r on
and f l uor escence mi cr oscopy suggest t hat l ect i n- bi ndi ng mat er i al i s uni f or ml y
di st r i but ed over t he whol e cel l ghost wal l . Thi s mat er i al al so appear s t o be chi t i n,
on t he basi s of t he anal ysi s of t he pr oduct s obt ai ned af t er t r eat ment of 14C- l abel ed
cel l ghost s wi t h l yt i c enzymes . The chi t i n of l at er al wal l s can be speci f i cal l y
r emoved by t r eat ment wi t h #- ( 1 - - ~- 6) - gl ucanase cont ai ni ng a sl i ght amount of
chi t i nase . Dur i ng t hi s i ncubat i on, - 7% of t he t ot al r adi oact i vi t y i s sol ubi l i zed,
about t he same amount l i ber at ed when l at er al wal l s of cel l ghost s ar e compl et el y
di gest ed wi t h snai l gl ucanase t o yi el d pr i mar y sept a . I t i s concl uded t hat t he
r emai ni ng chi t i n, i . e . , >90%of t he t ot al , i s i n t he sept a . The f aci l i t at i on of chi t i n
r emoval f r om t he cel l wal l by , 8- ( l - - > 6) - gl ucanase i ndi cat es a st r ong associ at i on
bet ween chi t i n and, 8- ( l - ~ 6) - gl ucan . Coval ent l i nkages bet ween t he t wo pol ysac-
char i des wer e not det ect ed but cannot be excl uded .

Pr evi ous st udi es of our l abor at or y ( 4, 7) and of
ot her s ( 1) have suggest ed t hat most or al l of t he
chi t i n cont ai ned i n Sacchar omyces cel l wal l s i s
l ocal i zed i n t he bud scar s . Mor phol ogi cal obser -
vat i ons ( 3, 5) and st udi es on t he ef f ect of a chi t i n
synt hesi s i nhi bi t or on cel l di vi si on ( 3) suppor t t he
vi ew t hat chi t i n f or ms t he pr i mar y sept um bet ween
mot her cel l and bud and subsequent l y r emai ns i n
t he par ent al bud scar . Our ext ensi ve i nvest i gat i ons
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about t he r egul at i on of sept um mor phogenesi s ( 7)
wer e based on t hi s speci f i c l ocal i zat i on of t he
pol ysacchar i de .

For mat i on of t he pr i mar y sept um i n buddi ng
yeast s seems t o t ake pl ace i n t wo st eps ( 5) . The
f i r st , at ear l y buddi ng, i s t he appear ance of a chi t i n
r i ng ar ound t he " neck" bet ween mot her and
daught er cel l s ; t he second, bef or e cel l di vi si on, i s
a cent r i pet al gr owt h of mat er i al t o f or m a di sk-
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shaped cr oss- wal l bet ween t he t wo cel l s . As our
most pur i f i ed pr epar at i ons of sept a cont ai ned, i n
addi t i on t o chi t i n, - 15%of ant hr one r eact i ng ma-
t er i al , [ i t was concei vabl e t hat gl ucan, r at her t han
chi t i n, mi ght be t he pr i nci pal subst ance t hat par -
t i ci pat es i n t he second st ep, gi vi ng r i se t o t he
cent r al por t i on of t he sept al di sk . Fur t her mor e, i t
was r ecent l y r epor t ed t hat chi t i n may not be ex-
cl usi vel y conf i ned t o sept a. Hor i sber ger and Von-
l ant hen ( 15) , by usi ng gol d- l i nked wheat ger m
aggl ut i ni n ( WGA- Au) as a mar ker f or cel l wal l
chi t i n i n el ect r on mi cr oscopy sect i ons, f ound t hat
t he gol d par t i cl es adher ed not onl y t o t he bud scar
r egi on but al so i n some measur e t o l at er al wal l s .
I t was, t her ef or e, i mpor t ant t o ascer t ai n t he nat ur e
of t he wheat ger m aggl ut i ni n ( WGA) - bi ndi ng ma-
t er i al i n l at er al wal l s and t o det er mi ne quant i t a-
t i vel y i t s amount .

I n t he i nvest i gat i on of t hi s pr obl em, we used

t hr ee compl ement ar y met hods : ( a) vi sual i zat i on of

chi t i n di st r i but i on by el ect r on mi cr oscopy of col -

l oi dal gol d- at t ached WGA or chi t i nase ; ( b) l o-

cal i zat i on of f l uor escei n i sot hi ocyanat e- WGA

( FI TC- WGA) and FI TC- chi t i nase by f l uor escence

mi cr oscopy ; ( c) speci f i c l abel i ng of chi t i n wi t h

[
t " Cl gl ucosami ne and ef f ect of di f f er ent t r eat ment s

on t he r el ease of l abel .

MATERI ALS AND METHODS

Mat er i al s

WGA and FI TC- WGA wer e obt ai ned f r om Mi l es Labor at o-

r i es ( El khar t , I nd . ) . FI TC- cel i t e was f r om Cal bi ochem- Behr i ng

Cor p . , Amer i can Hoechst Cor p . ( San Di ego . Cal i f . ) . Pol yet hyl ene

gl ycol , mot wt 20, 000, was pur chased f r om Pol ysci ences I nc .

( War r i ngt on, Pa. ) , chl or oaur i c aci d f r omI CN K&KLabor at o-

r i es I nc . ( Pl ai nvi ew, N. Y. ) , and Sephadex G- 25 and G- 100 f r om

Phar maci a I nc . ( Pi scat away, N. J . ) . Pust ul an ( / 3- ( l - . 6) - gl ucan)

was obt ai ned f r omCal bi ochemand l ami nar i n ( / 3- ( I - . 3) - gl ucan)

f r omI CNK & KLabor at or i es I nc. [ 1- " Cl gl ucosami ne ( 50 mCi /

mmol ) was pur chased f r om New Engl and Nucl ear ( Bost on,

Mass. ) . Chi t i n ol i gosacchar i des f or use as chr omat ogr aphy st and-

ar ds or i nhi bi t or s of WGAor chi t i nase bi ndi ng wer e obt ai ned as

descr i bed ( l 9) . N- acet yl gl ucosami ni t ol was obt ai ned by r educt i on

of N- acet yl gl ucosami ne wi t h sodi um bor ohydr i de .

Met hods
YEAST GROWTH: Sacchar omyces cer evi si ae X2180 ( ATCC

26109) was gr own i n YEPD medi um ( 6) and har vest ed i n t he

l at e l ogar i t hmi c phase of gr owt h.

To obt ai n i ncor por at i on of [ " Cl gl ucosami ne i nt o t he cel l wal l ,

gal act ose had t o be subst i t ut ed f or gl ucose i n t he medi um. S.

cer evi si ae X2180 gr ows ver y sl owl y i n gal act ose, because of a

mut at i on i n t hegal - 2 ( per mease) gene ( R. K. Mor t i mer , per sonal

' E. Cabi b. Unpubl i shed obser vat i ons .
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communi cat i on) . Never t hel ess, we f ound t hat r api d gr owt h oc-

cur s af t er pr ol onged i ncubat i on i n a gal act ose- cont ai ni ng me-

di um. I t i s not known whet her t hi s i s caused by l ong- t er m

adapt at i on or by sel ect i on of a mut ant . For t hi s pur pose, S.
cer evi si ae X2180 was i nocul at ed i n gal act ose mi ni mal medi um

( 0 . 7% Di f co yeast ni t r ogen base [ Di f co Labor at or i es, Det r oi t ,
Mi ch. ] , 2% gal act ose) and i ncubat ed at 30° C. Af t er 4- 5 d some

gr owt h was vi si bl e. Gr owt h ceased at a r el at i vel y l ow t ur bi di t y,
but became much f ast er and mor e abundant upon r ei nocul at i on

i nt o f r esh medi um. The yeast was mai nt ai ned on sl ant s cont ai n-
i ng YEP Gal medi um ( 2% gal act ose, 2% pept one, 1% yeast

ext r act and 2%agar ) and t r ansf er r ed f or gr owt h t o t he same
medi um, but l acki ng t he agar .

PREPARATI ON OF CELL GHOSTS AND SEPTA: Cel l
ghost s wer e obt ai ned f r omcel l s by cycl i cal t r eat ment s wi t h al kal i

and acet i c aci d as pr evi ousl y r epor t ed ( 1, 4) . Sept a wer e pr epar ed
by di gest i on of t he cel l ghost s wi t h pur i f i ed snai l gl ucanase ( 4) .

The sugar composi t i on of cel l ghost s has al r eady been r epor t ed
( 4) . I n sept a, N- acet yl gl ucosami ne was det er mi ned col or i met r i -

cal l y af t er compl et e enzymat i c hydr ol ysi s of chi t i n ( 4) , and gl ucan
was measur ed wi t h ant hr one . Gl ucan r epr esent ed - - 16% and

chi t i n 84%of t he t ot al pol ysacchar i de . These ar e r el at i ve val ues .

Absol ut e val ues ar e not avai l abl e, because dr y wei ght s wer e not

measur ed on account of t he ver y smal l amount of mat er i al .
PREPARATI ON OF ENZYMES:

	

St r ept omyces gr i seus chi t i -

nase was pur i f i ed f r om cul t ur e f i l t r at es by adsor pt i on on chi t i n,
as al r eady descr i bed ( l 8) . Wheat ger mchi t i nase was pur i f i ed t o

homogenei t y as r epor t ed ( l 9) . Snai l gl ucanase was pur i f i ed by

adsor pt i on on yeast gl ucan ( 4) . The pr epar at i on cont ai ned bot h

/ 3- ( l - 3) - and , Q- ( 1 - 6) - gl ucanase act i vi t y, as measur ed wi t h

l ami nar i n and pust ul an, r espect i vel y, as subst r at es . I t al so con-

t ai ned some chi t i nase act i vi t y, whi ch was el i mi nat ed by adsor p-

t i on on chi t i n, as f ol l ows: To 7. 75 ml of gl ucanase, 13 mg of

r egener at ed chi t i n ( 18) was added . Af t er 10 mi n at 10° C, t he
suspensi on was cent r i f uged f or 10 mi n at 27, 000 g. The t r eat ment

was r epeat ed a second t i me.

Endo 8- ( I - 6) - gl ucanase was obt ai ned ( I t ) f r om cul t ur e

f i l t r at es of Baci l l us ci r cul ans gr own on yeast cel l wal l s as car bon

sour ce and pur i f i ed up t o and i ncl udi ng t he Sephadex G- 100

st ep . The col umn f r act i ons cont ai ni ng t he act i vi t y wer e concen-

t r at ed i n an Ami con pr essur e cel l ( Ami con Cor p . , Sci ent i f i c Sys .

Di v . , Lexi ngt on, Mass . ) wi t h a UM- 10 f i l t er and di al yzed over -

ni ght agai nst 10 mMsodi um succi nat e, pH 5 .

Thi s pr epar at i on cont ai ned a smal l amount of chi t i nase, most
of whi ch coul d be el i mi nat ed by passage t hr ough a chi t i n col umn .

I n a t ypi cal pr epar at i on, , l 3- ( 1 - 6) - gl ucanase cont ai ni ng 53 Uof

act i vi t y was appl i ed t o a 0 . 9 x 44 cm chi t i n ( 18) col umn,

pr evi ousl y equi l i br at ed wi t h 20 mM pot assi um phosphat e, pH

6. 3, cont ai ni ng 0. 1 mg/ ml of bovi ne ser umal bumi n . El ut i on was

per f or med wi t h t he same buf f er and f r act i ons of 1 . 8 ml wer e

col l ect ed. The f r act i ons cont ai ni ng / 3- ( l - 6) - gl ucanase act i vi t y

wer e pool ed and sodi umazi de was added as a pr eser vat i ve t o a

f i nal concent r at i on of 0 . 02%. The r ecover y of f l - ( I - 6) - gl ucanase

act i vi t y was al most quant i t at i ve, wher eas 95%of t he cont ami nat -

i ng chi t i nase was l ost .

ENZYMATI C ASSAYS AND UNr r s :

	

t J- ( I - 6) - and t 3- ( 1 - .
3) - gl ucanase wer e assayed as descr i bed by Fl eet and Phaf f ( 11) ,

wi t h mi nor modi f i cat i ons, and chi t i nase as al r eady r epor t ed ( 18) .
I n al l cases, I Uof enzyme i s def i ned as t hat amount t hat gi ves
r i se t o t he l i ber at i on of 1 pmol of pr oduct ( cal cul at ed as mono-
sacchar i de) per mi n at 30 ° C.

TREATMEN" F OF UNLABELED CELL GHOSTS WI TH EN-

zYMEs : For chi t i nase t r eat ment , t he mi xt ur e cont ai ned I ml of
cel l ghost s ( 2 mg [ dr y wei ght ] / ml ) , 25 pl I Mpot assi um phos-



phat e, pH 6. 3, and 60 Al ( 0 . 36 U) of St r epl omyces chi t i nase .

I ncubat i on was f or 6 h wi t h shaki ng at 30° C. The t r eat ed ghost s

wer e r ecover ed by cent r i f ugat i on andwashed wi t h di st i l l ed wat er .

For / 3- ( l - 6) - gl ucanase t r eat ment , t he r eact i on mi xt ur e

consi st ed of 0 . 5 ml o£ cel l ghost s ( f or i nt act ghost s, 2 mg [ dr y

wei ght ] / ml ; f or chi t i nase- t r eat ed ghost s, an amount der i ved f r om

2 mg/ ml of i nt act ghost s) , 0 . 5 ml of 50 mMsodi um succi nat e,

pH 5, and 0. 25 ml ( 0 . 8 U) of / 3- ( 1 - 6) - gl ucanase . Sodi umazi de

was added t o a f i nal concent r at i on of 0 . 02%. The mi xt ur e was

i ncubat ed i n a bat h shaker at 30° C f or 48 h . Af t er t he super nat ant

f l ui d was separ at ed by cent r i f ugat i on, t wo addi t i onal 48- h i ncu-

bat i ons wer e car r i ed out , by r esuspendi ng t he ghost s each t i me i n

an i dent i cal mi xt ur e cont ai ni ng f r esh enzyme. Fi nal l y, t he ghost s

wer e cent r i f uged of f and washed wi t h di st i l l ed wat er .

PREPARATI ON OF 14 C- LABELED GHOSTS: An I nocul um

( 5 ml ) of gal act ose- adapt ed S. cer evi si ae X2180 i n t he l ogar i t hmi c

phase of gr owt h was added t o 80 ml of YEP Gal medi um ( see

above) , cont ai ni ng 0 . 4 mCi of [ 1- " C] gl ucosami ne. Af t er over -

ni ght i ncubat i on at 30° C, t he yeast was har vest ed at a concent r a-

t i on of - - 8 x 10' cel l s/ ml . The cel l s ( 0 . 5 g, wet wei ght ) wer e

washed sever al t i mes wi t h wat er and used f or ghost pr epar at i on

by al kal i and acet i c aci d t r eat ment s ( see above) . The f i nal pr ep-

ar at i on cont ai ned at ot al of 34 Emol of ant hr one- r eact i ng mat er i al

( as gl ucose) and 1 . 08 Amol of chi t i n ( as N- acet yl gl ucosami ne) .

The sp act of t he chi t i n was 2 . 7 x 10' cpm/ Amol .

I t appear s t hat t he cel l wal l s of t he gal act ose- gr own cel l s wer e

much mor e r esi st ant t o at t ack by al kal i and acet i c aci d t han t hose

of gl ucose- gr own cel l s, as t he gl ucan: chi t i n r at i o was sevenf ol d

hi gher i n ghost s f r om gal act ose- gr own cel l s. Never t hel ess, t he

appear ance i n t he f l uor escence mi cr oscope wi t h FI TC- WGA,

bef or e and af t er di f f er ent enzymat i c t r eat ment , was t he same f or

bot h t ypes of ghost s .

Tr eat ment of ` 4C- l abel ed cel l ghost s wi t h St r epl omyces chi t i -

nase, , Q- ( 1 - 6) - gl ucanase, or snai l gl ucanase was car r i ed out as

f or t he unl abel ed pr epar at i ons ( see above) . Af t er i ncubat i on, t he

r emai ni ng i nsol ubl e mat er i al was cent r i f uged of f , and t he super -

nat ant f l ui d was saved f or f ur t her anal ysi s as descr i bed bel ow.

STREPTOMYCES CHI TI NASE DI GEST :

	

Super nat ant f l ui d,

obt ai ned af t er chi t i nase t r eat ment of r adi oact i ve ghost s cont ai n-

i ng 29, 500 cpm, was desal t ed by passage t hr ough an Amber l i t e

MB- 3 ( mi xed bed; acet at e and hydr ogen f or ms) 0. 4 x 3 cm

col umn ( Rohmand Haas Co . , Phi l adel phi a, Pa . ) . Af t er evapo-

r at i on under r educed pr essur e, t he sol ut i on was appl i ed t o What -

man l paper and t he chr omat ogr amwas devel oped wi t h i soamyl

al cohol : pyr i di ne: wat er 1 : 1 : 0 . 8 .

/ 3- ( I - . 6) - GLUCANASE DI GEST:

	

' 4C- l abel ed ghost s, con-

t ai ni ng 2 . 07 x 10` cpm, wer e subj ect ed t o t wo successi ve 48- h

t r eat ment s wi t h , 8- ( I - . 6) - gl ucanase, as descr i bed above, and t he

super nat ant f l ui ds wer e pool ed ( t ot al r adi oact i vi t y, 3. 07 x 10' 5

cpm) .

For t ot al hydr ol ysi s, a por t i on of t he di gest ( 95, 000 cpm) was

concent r at ed under r educed pr essur e t o a f i nal vol ume of 100

Al . An equal vol ume of 12 NHCl was added, t he t ube was seal ed

i n t he f l ame, and t he mi xt ur e was pl aced i n a boi l i ng wat er bat h

f or 3 h. Af t er evapor at i on t o dr yness, addi t i on of 0. 5 ml of wat er

and new evapor at i on, t he r esi due was r edi ssol ved i n 0 . 2 ml of

wat er and adj ust ed t o sl i ght l y al kal i ne pH wi t h NaOH.

The ami nosugar s l i ber at ed i n t he aci d hydr ol ysi s wer e r eace-
t yl at ed as f ol l ows : To t he hydr ol ysat e, 0. 05 ml of f r eshl y pr epar ed
12 . 5% acet i c anhydr i de i n wat er and 0. 03 ml of 2 MNa 2CO3
wer e added . The mi xt ur e was kept at r oom t emper at ur e f or 10
mi n and subsequent l y t r ansf er r ed t o a boi l i ng wat er bat h f or 5
mi n . The N- acet yl at ed mat er i al was desal t ed by passage t hr ough
a mi xed bed r esi n and subj ect ed t o paper chr omat ogr aphy as

descr i bed above f or t he chi t i nase di gest .

Ot her por t i ons of t he / 3- ( 1 - 6) - gl ucanase di gest wer e ei t her

di r ect l y dei oni zed or f i r st N- acet yl at ed ( see above) and t hen

dei oni zed, bef or e paper chr omat ogr aphy .

For f ur t her anal ysi s of di sacchar i de and di sacchar i de, t he

cor r espondi ng peaks wer e el ut ed f r omt he paper chr omat ogr am

wi t h wat er , and t he el uat es wer e concent r at ed under r educed

pr essur e. Chi t i nase t r eat ment was per f or med on t hi s mat er i al

under t he same condi t i ons as f or cel l ghost s, except t hat i ncuba-

t i on was f or 3 h at 30° C. The di gest was agai n dei oni zed and

used f or paper chr omat ogr aphy .

For bor ohydr i de r educt i on, t o 50 pl of di sacchar i de ( - 19, 000

cpm) , 2 t r l of 0. 5 MNaOH and 50 pl of 0 . 2 Msodi umbor ohydr i de

i n 0 . 01 MNaOHwer e added . Af t er over ni ght i ncubat i on at r oom

t emper at ur e, 100 Al of 12 N HCl was added, f ol l owed by 0. 25

pmol each of N- acet yl gl ucosami ne and N- acet yl gl ucosami ni t ol

as car r i er s . Hydr ol ysi s, r eacet yl at i on, and dei oni zat i on wer e car -

r i ed out as descr i bed above f or di r ect hydr ol ysi s of t he / 3- ( 1 -

6) - gl ucanase di gest . The MB- 3 col umn el uat es wer e evapor at ed,

appl i ed t o What man No . l paper , and subj ect ed t o el ect r opho-
r esi s ( 20 V/ cm, 2. 5 h) wi t h 2%sodi um mol ybdat e as el ect r ol yt e .

ANALYTI CAL :

	

Tot al hexose was det er mi ned wi t h ant hr one
( 22) . Radi oact i vi t y was measur ed i n a Beckman 8 100 sci nt i l l at i on

spect r omet er ( Beckman I nst r ument s, I nc. , Ful l er t on, Cal i f ) , us-
i ng Aquasol ( New Engl and Nucl ear , Bost on, Mass . ) as sci nt i l l a-

t i on cockt ai l .

PREPARATI ON OF FI TC CONJUGATES : Themet hodused

was a modi f i cat i on of Ri nder knecht ' s pr ocedur e ( 20) . For wheat
ger m chi t i nase, t o 0. 5 ml of t he enzyme cont ai ni ng 16 mg/ ml

pr ot ei n, 30 Al of I Msodi um bi car bonat e and 10 mg of FI TC-
cel i t e wer e added . Af t er 5- mi n i ncubat i on at r oom t emper at ur e
wi t h st i r r i ng, t he suspensi on was br ought t o 2 ml wi t h 0 . 05 M
sodi um bi car bonat e and cent r i f uged f or 5 mi n at 800 g i n t he
col d r oom. The super nat ant f l ui d was appl i ed t o a Sephadex G-
25 ( medi um) col umn, 2 x 20 cm, pr evi ousl y equi l i br at ed wi t h 50
mMsodi umbi car bonat e . The same buf f er was used f or el ut i on .
Fr act i ons ( 1 . 5 ml ) wer e col l ect ed and t he absor bance at 280 and

495 nm was measur ed . Fr act i ons cor r espondi ng t o t he peak at
bot h wavel engt hs wer e pool ed and st or ed i n t he r ef r i ger at or af t er
addi ng sodi umazi de t o a f i nal concent r at i on of 0 . 02%.

For t he St r epl omyces chi t i nase- FI TC conj ugat e, 0 . 5 ml of t he

enzyme ( 3 mg/ ml ) was adj ust ed t o pH 8 . 5 by addi t i on of l M
Na 2CO, , f ol l owed by 10 mg of FI TC- cel i t e. Af t er 30 mi n at r oom

t emper at ur e wi t h st i r r i ng, t he mi xt ur e was di l ut ed t o 1 ml wi t h
20 mMpot assi um phosphat e, pH 6. 3, and cent r i f uged f or 5 mi n

at 800 g. The super nat ant f l ui d was subj ect ed t o Sephadex
f i l t r at i on as f or t he wheat ger m chi t i nase adduct , except t hat t he

si ze of t he col umn was 1 . 5 x t I cm and t he equi l i br at i ng and
el ut i ng buf f er was 20 mMpot assi umphosphat e, pH 6 . 3 .

STAI NI NG OF CELL GHOSTS WI TH FI TC CONI UGA" FES :

To 10 Al of i nt act , chi t i nase- t r eat ed or / 3- ( 1 - . 6) - gl ucanase-

t r eat ed cel l ghost s ( l mg/ ml ant hr one- r eact i ng mat er i al , as gl u-
cose) wer e added 10 Al of FI TC- WGA ( 2 mg/ ml ) and 10 Al of 50

mMsodi um bi car bonat e, or 10 1a1 of 50 mMsodi um phosphat e
at pH 7. 3. Af t er 5 mi n at r oom t emper at ur e, sampl es wer e

mount ed on sl i des f or f l uor escence mi cr oscopy . Al t er nat i vel y,
suspensi ons wer e di l ut ed t o 0 . 2 ml wi t h bi car bonat e or phosphat e

buf f er and cent r i f uged. The pel l et s wer e r esuspended i n buf f er
and used f or mi cr oscopy .

The same t echni que was used f or FI TC der i vat i ves of wheat
ger mor St r epl omyces chi t i nase, except t hat t he concent r at i ons of

t he cor r espondi ng sol ut i ons wer e 0 . 4 and 0. 3 mg/ ml , r espect i vel y .

FLUORESCENCE MI CROSCOPY : Sampl es wer e obser ved

wi t h a Lei t z Di al ux mi cr oscope ( E. Lei t z, I nc . , Rockl ei gh, N. J . )
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equi pped wi t h an i nci dent l i ght Pl oemopak 2 . 3 i l l umi nat or . An

edge f i l t er K480, a r ed suppr essi on f i l t er BG38, and a neut r al

f i l t er N4 wer e used . The f i l t er syst em f or exci t at i on cont ai ned an

exci t at i on f i l t er BP 390- 490, a beam spl i t t i ng mi r r or RKP510,

and a suppr essi on f i l t er LP515 . Phot ogr aphs wer e t aken wi t h

Kodak Tr i - X pan f i l m, wi t h an exposur e t i me of 20- 40 s .

PREPAR . A" LI ON OF COLLOI DAL GOLD- LABELED

PROTEI NS: Col l oi dal gol d was pr epar ed as descr i bed by

Geoghegan and Acker man ( 12) , wi t h t he same concent r at i on of

chl or oaur i c aci d ( 0 . 1 g/ l i t er ) . The absor bance of t he col l oi dal

gol d sol ut i on at 580 nm and pH 8. 3 var i ed bet ween 0. 25 and

0. 33. The si ze of t he gol d par t i cl es was 13 . 5 ± 2. 4 nm. For each

pr ot ei n, t he amount and pH r equi r ed f or maxi mal st abi l i zat i on

of t he col l oi d wer e det er mi ned as suggest ed by t he same aut hor s .

WGA was di al yzed over ni ght agai nst 2 . 5 mMI - I CI . To 0. 16
ml of t he di al yzed sol ut i on, cont ai ni ng 0 . 2 mg pr ot ei n, 10 ml of
t he col l oi dal gol d sol ut i on, pr evi ousl y adj ust ed t o pH 8 . 7 wi t h

0 . 2 MK2COJ ( l 2) , was added, whi l e st i r r i ng . Af t er 2 mi n, 0. 5 ml
of 1%pol yet hyl ene gl ycol ( mol wt 20, 000) was added and, 5 mi n

l at er , t he col l oi dal sol ut i on was cent r i f uged i n t he col d f or l h at

35, 000 g . The pel l et was r esuspended i n 10 ml 50 mMTr i s, pH

8. 3, cont ai ni ng 0 . 15 MNaCl and 0. 05% pol yet hyl ene gl ycol .

Af t er cent r i f ugat i on as above, t he pel l et was r esuspended i n l ml

of t he same buf f er , and sodi um azi de was added t o a f i nal
concent r at i on of 0 . 02%. Acont r ol was pr epar ed i n t he same way,

but omi t t i ng WGA.

For st ai ni ng, each suspensi on of i nt act or enzyme- t r eat ed cel l

ghost s cont ai ned 2 mg of ant hr one- r eact i ng mat er i al ( as gl ucose)
per ml . For sept a, an amount or i gi nat ed i n t he same quant i t y of

cel l ghost s, as measur ed wi t h ant hr one, was used . To 10 ul of

suspensi on of t he mat er i al t o be st ai ned, 200 Al of 0 . 2% bovi ne
ser um al bumi n was added and t he suspensi on was cent r i f uged
f or 5 mi n i n a cl i ni cal cent r i f uge i n t he col d . Omi ssi on of t hi s
washi ng caused hi gh bl anks i n t he subsequent l abel i ng st ep . The
pel l et f r om t he cent r i f ugat i on was suspended i n 10 At of t he
or i gi nal Tr i s/ NaCI / pol yet hyl ene gl ycol mi xt ur e, f ol l owed by
addi t i on of 5 ul of 17, bovi ne ser umal bumi n and 20 Al of WGA-

Au ( or cont r ol gol d par t i cl es) . I n some cases a f i vef ol d di l ut i on

of WGA- Au was al so used . Af t er 3 mi n at r oom t emper at ur e,
t he suspensi ons wer e cent r i f uged as above and t he pel l et s wer e
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washed t wi ce, f i r st wi t h 0. 2 ml and t hen wi t h 0. 5 ml of 50 mM

Tr i s, pH 8 . 3, cont ai ni ng 0. 15 MNaCl and 0. 05% pol yet hyl ene

gl ycol . The f i nal pel l et s wer e r esuspended i n 20 At of di st i l l ed

wat er and used f or el ect r on mi cr oscopy .

The col l oi dal gol d compl exes of wheat ger mand St r ept omyces

chi t i nase wer e pr epar ed i n a si mi l ar way . wi t h t he f ol l owi ng

changes :

Wheat ger m chi t i nase ( 17 ml of a 0. 3 mg/ ml sol ut i on) at pH

8 . 5, was concent r at ed t o 2 ml i n an Ami con st i r r ed cel l wi t h a

PM- 10 f i l t er . The concent r at e was di l ut ed t o 10 ml wi t h wat er

and concent r at ed agai n i n t he same way. Thi s oper at i on was

r epeat ed seven addi t i onal t i mes . The amount of t he f i nal sol ut i on

used f or 10 ml of col l oi dal gol d was onl y 0 . 2 ml , because l ar ger

amount s l ed t o coagul at i on of t he col l oi d . The f i nal pel l et af t er

cent r i f ugat i on was r esuspended i n 0 . 5 ml of buf f er .

St r ept omyces chi t i nase, 3 mg/ ml , was di al yzed over ni ght

agai nst wat er . Of t he di al yzat e, 0. 1 ml was used f or each 10 ml

of col l oi dal gol d sol ut i on .

St ai ni ng wi t h t he t wo chi t i nase- gol d pr epar at i ons was car r i ed

out as f or WGA- Au, except t hat t he wheat ger m chi t i nase- gol d

compl ex was di l ut ed 10- f ol d bef or e use t o avoi d excessi ve l abel -

i ng. The bovi ne ser um al bumi n- gol d compl ex was pr epar ed as

di r ect ed ( 12) , at pH 6, wher e i t s st abi l i t y i s maxi mal .

ELECTRON MI CROSCOPY: Speci men suppor t gr i ds wer e

made by pi cki ng up a wat er - cast par l odi on f i l m on 400- mesh

copper gr i ds . The par l odi on f i l m was st abi l i zed by a t hi n l ayer of

evapor at ed car bon and gl ow- di schar ged j ust bef or e use . One

dr op of washed sampl e suspensi on was appl i ed t o t he gr i d . Af t er

30- 60 s t he gr i d was r i nsed wi t h t hr ee dr ops of di st i l l ed wat er or ,

i n t he case of t he synt het i c chi t i n, wi t h t hr ee dr ops of 1% ur anyl

acet at e . The pur e chi t i n sampl es wer e not vi si bl e unl ess negat i vel y

st ai ned . The gr i ds wer e ai r - dr i ed and exami ned at 100 kV i n a

Si emens El mi skop 101 .

RESULTS

El ect r on Mi cr oscopy of I sol at ed Sept a

Bi ndi ng of WGA- Au t o yeast chi t i n was dem-
onst r at ed wi t h pol ysacchar i de obt ai ned i n vi t r o ( 9)

FI GURE l

	

Label i ng of enzymat i cal l y synt hesi zed chi t i n wi t h WGA- Au . ( a) WGA- Au used f or st ai ni ng,

( b) cont r ol wi t h col l oi dal gol d onl y . x 72, 400 .



by i ncubat i on of UDP- N- acet yl gl ucosami ne wi t h
sol ubi l i zed chi t i n synt het ase ( Fi g . 1 a) . Gol d par -
t i cl es l acki ng l ect i n di d not at t ach t o chi t i n ( Fi g .

1 b) .
For t he pr epar at i on of pr i mar y sept a, yeast cel l s

wer e f i r st conver t ed ( 4) i nt o " ext r act ed cel l ghost s"
( f r omher e on cal l ed " cel l ghost s" f or br evi t y) , by
cycl i cal t r eat ment s wi t h al kal i and acet i c aci d . The
ghost s ar e t hi n cel l envel opes t hat have l ost al l of
t he wal l mannan- pept i de and most of t he gl ucan .
The r emai ni ng mat er i al i s chi t i n and gl ucan ( 4) .
The l at t er i s degr aded wi t h gl ucanase, t hus set t i ng
f r ee t he pr i mar y sept a ( 4) . When WGA- Au was
appl i ed t o t he sept al di sks, a heavy and f ai r l y
uni f or m l abel i ng over t he whol e sur f ace of t he
di sks was obser ved ( Fi g . 2 a and b) . To obser ve t he
di st r i but i on of t he gol d par t i cl es over t he mat er i al ,
i t was necessar y t o use a concent r at i on of WGA-
Au bel ow sat ur at i on ( Fi g. 2 b) . Ther e was no i n-
di cat i on of speci f i c ar eas devoi d of par t i cl es . As
wi t h i sol at ed chi t i n, gol d par t i cl es wi t hout WGA
di d not bi nd t o t he sept a ( Fi g . 2 c) . The at t achment
of t he WGA- Au par t i cl es was gr eat l y di mi ni shed,
al t hough not abol i shed, by addi t i on of chi t i n ol i -
gosacchar i des bef or e t hat of WGA- Au ( Fi g . 2 d) .

Gol d par t i cl es at t ached t o pur i f i ed St r ept omyces
( 18) or wheat ger m ( 19) chi t i nase' al so bound t o
t he sept a ( Fi g . 2e, and Í ) , al t hough t he l abel i ng
was l i ght er t han wi t h WGA.

Tr eat ment of sept a wi t h St r ept omyces chi t i nase
l ed t o t hei r vi r t ual l y compl et e di ssol ut i on.

El ect r on Mi cr oscopy of Cel l Ghost s

I n i nt act yeast cel l s, chi t i n i s cover ed by t he
ot her pol ysacchar i des t hat f or m t he cel l wal l and
i t i s onl y accessi bl e t o smal l mol ecul es, such as
pr i mt di n and br i ght ener s ( 13, 21) . When yeast i s
obser ved under ul t r avi ol et l i ght i n t he pr esence of
t hese compounds, f l uor escence i s det ect ed onl y i n
t he bud scar r egi on and at t he connect i on bet ween
mot her cel l and bud, wher e t he bud scar wi l l be
f or med dur i ng cel l di vi si on ( 5, 13, 21) . To uncover
as much chi t i n as possi bl e, cel l s wer e conver t ed
i nt o cel l ghost s as descr i bed i n t he pr evi ous sect i on .
Despi t e t he l oss of al l of t he mannan and most of
t he gl ucan of t he cel l wal l , t hi s pr epar at i on r et ai ns

z To avoi d mi sunder st andi ngs, i t shoul d be st r essed her e
t hat St r ept omyces chi t i nase was used, i n di f f er ent exper -
i ment s, ei t her as a l abel f or chi t i n, when at t ached t o gol d
par t i cl es or t o FI TC, or as an enzyme, t o di gest chi t i n or
chi t i n ol i gosacchar i des .

al most al l of t he chi t i n, whi ch i s ver y r esi st ant t o
t hese t r eat ment s ( 4) .

When cel l ghost s wer e t r eat ed wi t h WGA- Au,
t he l abel i ng was sur pr i si ngl y weak i n t he bud scar
ar ea ( Fi g. 3 a and b, compar ed wi t h Fi g . 2 a and
b) . At t he same t i me, gr ai ns wi t h about t he same
densi t y di st r i but i on wer e obser ved on t he r emai n-
der of t he ghost sur f ace . Ther ef or e, i t appear s t hat
despi t e ext ensi ve di gest i on of t he cel l wal l , most of
t he chi t i n i n t he bud scar r egi on was st i l l shi el ded
f r om t he gol d gr ai ns .

The amount of WGA- Au at t ached t o t he sur f ace
of t he cel l ghost s was r el at i vel y smal l , but t he
bi ndi ng appear s t o be speci f i c . Gol d par t i cl es wi t h
at t ached bovi ne ser umal bumi n di d not bi nd ( Fi g .
3 c) and t he l abel i ng wi t h WGA- Au was decr eased
by addi t i on of chi t i n ol i gosacchar i des ( Fi g . 3 d) .
Tr eat ment of ghost s wi t h chi t i nase abol i shed
WGA- Au bi ndi ng, except over t he bud scar ar eas
( Fi g. 3 e) .

Fl uor escence Mi cr oscopy of Cel l Ghost s

To compl ement t he st udi es done by el ect r on

mi cr oscopy, obser vat i ons of cel l ghost s wer e made
under t he f l uor escence mi cr oscope, wi t h t he use of
FI TC der i vat i ves of bot h WGAand chi t i nases as
mar ker s . Because t he f l uor escei n der i vat i ves ar e
much smal l er t han t he gol d par t i cl es, t hey pene-
t r at e easi l y t he ghost cel l wal l s and i ndi cat e t he
l ocat i on of chi t i n even when i t i s deepl y embedded
i n t he wal l s.

Wi t h FI TC- WGA, f l uor escence was obser ved
not onl y at t he bud scar si t es ( cel l pol es) , wher e
most of chi t i n was expect ed t o be, but al so ar ound
t he whol e cont our of t he cel l ghost s ( Fi g. 4 a) .

Af t er t r eat ment wi t h chi t i nase f or 6 h, t he f l uo-
r escence was r est r i ct ed t o t he bud scar r egi on ( Fi g .
46) . Repeat ed addi t i ons of chi t i nase, f ol l owed by
over ni ght i ncubat i on, gr adual l y l ed t o a decr ease
of t he r esi dual f l uor escence unt i l , af t er t he t hi r d
t r eat ment , t he ghost s wer e har dl y vi si bl e ( not
shown) .

Af t er sever al i ncubat i ons of cel l ghost s wi t h / 3-
( 1 - - ) , 6) - gl ucanase t he same appar ent ef f ect was
obser ved as wi t h a si ngl e chi t i nase di gest i on, i . e . ,
el i mi nat i on of f l uor escence f r om t he l at er al wal l s

( Fi g . 4c and d) . I f t he / 3- ( 1 - ~- 6) - gl ucanase i ncu-
bat i on was per f or med on t he chi t i nase- t r eat ed
ghost s of Fi g. 4b, t he r emai ni ng f l uor escence at
t he cel l pol es di sappear ed compl et el y ( Fi g . 4e and

The l oss i n f l uor escence of l at er al wal l s obser ved
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FI GURE 2

	

Label i ng of pr i mar y sept a wi t h col l oi dal gol d- mar ker par t i cl es . ( a) WGA- Au as pr epar ed, ( b)

WGA- Au at f i vef ol d di l ut i on, ( c) cont r ol wi t h col l oi dal gol d onl y, ( d) same exper i ment as b, but t he sept a

wer e mi xed wi t h N- acet yl chi t opent aose at l mMf i nal concent r at i on, bef or e addi ng WGA- Au, ( e) l abel i ng

wi t h St r ept omyces chi t i nase- gol d, ( J) l abel i ng wi t h wheat ger m chi t i nase- gol d . x 11, 900 .
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FI GURE 3

	

Label i ng of cel l ghost s wi t h col l oi dal gol d- mar ker par t i cl es. ( a) WGA- Au, ( b) WGA- Au at 1 :
5 di l ut i on, ( c) gol d par t i cl es coat ed wi t h bovi ne ser um al bumi n, ( d) same as b, but t he ghost s wer e mi xed
wi t h N- acet yl chi t opent aose at 1 mMf i nal concent r at i on bef or e addi ng WGA- Au, ( e) WGA- Au, ( concen-
t r at i on as i n a) on chi t i nase- t r eat ed ghost s, ( f ) WGA- Au, ( concent r at i on as i n b) on Q- ( 1 ~ 6) - gl ucanase-
t r eat ed ghost s . x 9, 100 .

af t er a- ( 1- - > 6) - gl ucanase t r eat ment was par al l el ed
by a decr ease i n t he densi t y of WGA- Au par t i cl es
at t ached t o t he wal l ( Fi g. 3j ) .

I n cont r ast wi t h t he obser vat i ons made wi t h

FI TC- WGA, t he f l uor escei n der i vat i ves of wheat

ger m or St r ept omyces chi t i nase yi el ded f l uor es-

cence onl y at t he pol es of t he cel l ghost s, i . e . , i n
cor r espondence wi t h t he bud scar s posi t i on ( Fi g .
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FI GURE 4

	

Fl uor escence l abel i ng of cel l ghost s wi t h FI TC der i vat i ves . ( a) I nt act ghost s wi t h FI TC- WGA;

( b) chi t i nase- t r eat ed ghost s wi t h FI TC- WGA; ( c and d) / 3- ( 1 ~ 6) - gl ucanase- t r eat ed ghost s wi t h FI TC-

WGA: c, phase- cont r ast i mage, d, f l uor escence i mage ; ( e andf ) ghost s t r eat ed i n successi on wi t h chi t i nase

and ß- ( l - 6) - gl ucanse, wi t h FI TC- WGA: e, phase- cont r ast i mage, , , f l uor escence i mage ; ( g) i nt act ghost s

wi t h FI TC- St r ept omyces chi t i nase ; ( h) i nt act ghost s wi t h FI TC- wheat ger m chi t i nase . x 940.



4g and h) . The r esul t was especi al l y cl ear cut wi t h

t he St r ept omyces enzyme . I n t hese cases, pr evi ous
t r eat ment of t he ghost s wi t h St r ept omyces chi t i nase

l ed t o t ot al l oss of f l uor escence ( not shown) .

St udi es wi t h [ I " CJGl ucosami ne- l abel ed Ghost s

To cor r el at e t he r el ease of hexosami ne- cont ai n-
i ng compounds f r om t he cel l ghost s wi t h t he mor -
phol ogi cal obser vat i ons i t was desi r abl e t o l abel
t he wal l s wi t h r adi oact i ve gl ucosami ne . I t was not
possi bl e t o do t hi s wi t h gl ucose- gr own cel l s, be-
cause gl ucose compet ed wi t h gl ucosami ne f or
t r anspor t i nt o t he cel l s ( V. Far kas and E. Cabi b,
unpubl i shed obser vat i ons) . When gal act ose was
subst i t ut ed f or gl ucose i n t he gr owt h medi um,
however , gl ucosami ne was t aken up . At t he l ow
concent r at i ons of ami nosugar ut i l i zed, t he gl ucose
and mannose of cel l wal l pol ysacchar i des wer e not
l abel ed . About 45%of t he t ot al r adi oact i vi t y i n
i nt act cel l s was r ecover ed af t er conver si on i nt o cel l
ghost s . Besi des mechani cal l osses, t he l oss i n r a-
di oact i vi t y may be ascr i bed t o ext r act i on of gl u-
cosami ne- cont ai ni ng met abol i t es and t o sol ubi l i -
zat i on of mannan pr ot ei ns, whi ch cont ai n a di ace-
t yl chi t obi ose br i dge bet ween pol ysacchar i de and
pept i de moi et y . Pr act i cal l y al l t he r adi oact i vi t y
r emai ni ng i n t he cel l ghost s ( 97- 98%, see Tabl e I )
coul d be sol ubi l i zed wi t h chi t i nase . Of t hi s mat e-
r i al , 85% was r ecover ed af t er passage t hr ough a
mi xed bed exchange r esi n, an i ndi cat i on t hat t he
l abel ed subst ances wer e essent i al l y unchar ged
( - 90%r ecover y i s r out i nel y obt ai ned wi t h neut r al
sugar s i n col umns of t hi s t ype) . The mai n pr oduct
i n t he col umn ef f l uent , as det er mi ned by paper
chr omat ogr aphy, was di acet yl chi t obi ose ( Fi g . 5 A) ,
as expect ed f r om t he speci f i ci t y of St r ept omyces

TABLE I

Sol ubi l i zat i on of Radi oact i vi t y of ( ' " C) Gl ucosami ne- l abel ed Cel l Ghost s by Di f f er ent Enzymat i c Tr eat ment s*

* For condi t i ons of di f f er ent t r eat ment s, see Met hods .
$ Resul t s of t wo di f f er ent exper i ment s .
§ Al l ghost s conver t ed i nt o sept a, as obser ved by phase mi cr oscopy .

chi t i nase ( 16) . The smal l amount of f r ee N- acet yl -
gl ucosami ne f ound ( Fi g . 5A) i s pr obabl y because
of a smal l cont ami nat i on of t he chi t i nase wi t h ß-
N- acet yl gl ucosami ni dase .

To det er mi ne t he t ot al r adi oact i vi t y cont ai ned
i n l at er al wal l s, t he cel l ghost s wer e t r eat ed wi t h
gl ucanase pur i f i ed f r om snai l i nt est i nal j ui ce. Thi s
pr epar at i on, whi ch cont ai ns bot h ß- ( 1 - . 3) and
( 1- * 6) - gl ucanases, di ssol ved compl et el y t he wal l s,
l eavi ng onl y t he chi t i n pr i mar y sept a ( see above) .
The amount of r adi oact i vi t y l i ber at ed by t hi s t r eat -
ment was - . , 8% of t he t ot al ( Tabl e I ) .

By r epeat ed di gest i ons wi t h, ß- ( 1 - - * 6) - gl ucanase
a si mi l ar amount , - 7%of t he t ot al r adi oact i vi t y,
was sol ubi l i zed ( Tabl e I ) . Thi s f i gur e was cal cu-
l at ed af t er cor r ect i ng f or possi bl e hydr ol ysi s of
bud scar chi t i n by t he t r aces of chi t i nase pr esent
i n t he , ß- ( 1 - * 6) - gl ucanase pr epar at i on . " C- l a-
bel ed sept a, i n amount equi val ent t o t hat of t he
cel l ghost s ut i l i zed, wer e used as subst r at e f or
enzyme ; t he l i ber at ed r adi oact i vi t y was subt r act ed
f r om t hat sol ubi l i zed f r omi nt act cel l ghost s ( Tabl e
1) . By measur ement s wi t h ant hr one i t was f ound
t hat ^ - 25% of t he cel l ghost s gl ucan was al so
sol ubi l i zed dur i ng i ncubat i on wi t h / 3- ( l - 3, 6) - gl u-
canase .

The si mi l ar i t y bet ween t he amount s of r adi o-
act i vi t y l i ber at ed by snai l gl ucanase or , ß- ( 1 - - - > 6) -
gl ucanase suggest s t hat , ß- ( l - - ) - 6) - gl ucanase i s abl e
t o l i ber at e al l of t he l abel associ at ed wi t h l at er al
wal l s of t he ghost s .

Because , ß- ( 1 - - ~, 6) - gl ucanase i ncubat i on el i mi -
nat ed bot h t he f l uor escence al ong t he l at er al wal l
of i nt act ghost s and t hat r emai ni ng at t he bud scar
si t es of chi t i nase- t r eat ed ghost s, i t seemed possi bl e
t hat chi t i n and / 3- ( 1 - - * 6) - gl ucan mi ght be cova-
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Exp Mat er i al used Tr eat ment Sol ubi l i zed r adi oact i vi t y

l Cel l ghost s St r ept omyces chi t i nase, 18 h 97, 98$
2 Cel l ghost s Snai l gl ucanase, 4 h§ 7 . 9
3 Cel l ghost s , 8- ( 1 - ~ 6) - gl ucanase, 48 h 7 . 8
4 Cel l ghost s ß- ( 1 - ~ 6) - gl ucanase, 2 x 48 h 10. 5
5 Cel l ghost s , ß- ( 1 6) - gl ucanase, 3 x 48 h 12 . 0
6 Sept a ß- ( 1 - - ~ 6) - gl ucanase, 48 h 2. 3
7 Sept a ß- ( 1 6) - gl ucanase, 2 x 48 h 4. 0
8 Sept a , 8- ( 1 - ~ 6) - gl ucanase, 3 x 48 h 4. 8

5 mi nus 8 7 . 2
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FI GURE 5 Paper chr omat ogr aphy of 14C- l abel ed
sugar s . ( A) Pr oduct of cel l ghost i ncubat i on wi t h St r ep-
t omyces chi t i nase, ( B) , Q- ( 1 ~ 6) - gl ucanase di gest of cel l
ghost s af t er hydr ol ysi s wi t h 6 N HCl and r eacet yl at i on,
( C) , #- ( 1 - - + 6) - gl ucanase di gest af t er dei oni zat i on, ( D)
R- ( 1 - - . 6) - gl ucanase di gest , af t er N- acet yl at i on and
dei oni zat i on, ( E) St r ept omyces chi t i nase pr oduct of t he
mat er i al i n D, ( F) snai l gl ucanase di gest of cel l ghost s,
af t er N- acet yl at i on and dei oni zat i on . Gl cNAc,
( G1cNAc) 2, ( G1cNAc) 3, et c . i ndi cat e t he posi t i on of N-
acet yl gl ucosami ne and of t he di - , t r i - and hi gher ol i go-
sacchar i des of t he chi t i n ser i es, used as st andar ds . SL,
st ar t i ng l i ne.

l ent l y l i nked t o each ot her . I f t hat wer e t he case,
one woul d expect t o f i nd i n t he Q- ( 1 - - o 6) - gl ucan-
ase di gest some ol i gosacchar i de cont ai ni ng bot h
gl ucose and N- acet yl gl ucosami ne . A sear ch f or
such compounds was t her ef or e car r i ed out .

I n t he f i r st pl ace, pr act i cal l y al l t he r adi oact i vi t y
sol ubi l i zed by / 3- ( 1 - + 6) - gl ucanase cor r esponded
t o gl ucosami ne compounds, as shown by t he f act
t hat hydr ol ysi s wi t h 6 N hydr ochl or i c aci d, f ol -
l owed by N- acet yl at i on, desal t i ng, and paper chr o-
mat ogr aphy, r esul t ed i n a mai n peak of l abel ed N-
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acet yl gl ucosami ne ( Fi g . 5 B) . Ami nor peak, whose
posi t i on appr oxi mat el y coi nci des wi t h t hat of di -
acet yl chi t obi ose was al so pr esent ( Fi g . 5 B) .

When t he sol ubl e pr oduct s of a- ( 1 - - * 6) - gl ucan-
ase di gest i on wer e appl i ed t o a mi xed- bed ex-
change r esi n, onl y 36% of t he r adi oact i vi t y
emer ged wi t h t he ef f l uent . Upon paper chr oma-
t ogr aphy, t wo mai n r adi oact i ve peaks wer e ob-
ser ved, wi t h t he same Rf as di acet yl chi t obi ose and
t r i acet yl chi t ot r i ose ( Fi g. 5 C. Some r adi oact i ve
mat er i al wi t h l ower mobi l i t y was al so det ect ed .

Smal l t r i al s wi t h bot h ani oni c and cat i oni c ex-
change r esi n col umns i ndi cat ed t hat most of t he
mat er i al r et ai ned i n t he mi xed bed col umn was
posi t i vel y char ged, per haps as a r esul t of deacet y-
l at i on dur i ng t he al kal i t r eat ment s used i n t he
pr epar at i on of cel l ghost s . I ndeed, af t er t he , Q- ( l

- * 6) - gl ucanase di gest was subj ect ed t o N- acet yl a-
t i on, t he amount of r adi oact i vi t y not r et ai ned by
t he mi xed bed col umn i ncr eased t o 64%G of t he
t ot al . Upon paper chr omat ogr aphy, t hi s mat er i al
yi el ded, i n addi t i on t o t he peaks obser ved i n Fi g .
5 C, ot her s t hat moved mor e sl owl y ( Fi g. 5 D) .
I ncubat i on of t he N- acet yl at ed and dei oni zed gl u-
canase di gest wi t h St r ept omyces chi t i nase con-
ver t ed al l t he r adi oact i ve mat er i al i nt o a subst ance
wi t h t he same Rr as di acet yl chi t obi ose ( pl us a smal l
amount of N- acet yl gl ucosami ne, see Fi g. 5 E) .
Thus, i t appear s t hat al l t he r adi oact i ve peaks of
Fi g . 5 Dar e chi t i n ol i gosacchar i des . To ver i f y t he
absence of gl ucose i n t he r educi ng t er mi nal s of t he
ol i gosacchar i des, t he subst ances movi ng as di - and
t r i sacchar i des wer e separ at el y el ut ed f r om chr o-
mat ogr ams and anal yzed i n gr eat er det ai l .

I ncubat i on of t he put at i ve di sacchar i de wi t h
St r ept omyces chi t i nase f ol l owed by chr omat ogr a-
phy r esul t ed i n no vi si bl e change, as expect ed f r om
t he speci f i ci t y of t he enzyme ( not shown) . On t he
ot her hand, t he t r i sacchar i de yi el ded pr oduct s
movi ng as di acet yl chi t obi ose and N- acet yl gl uco-

sami ne ( Fi g . 6) , i n addi t i on t o some r emai ni ng

i ni t i al mat er i al . The t hr ee peaks of Fi g. 6 B wer e
separ at el y el ut ed and count ed . Of a t ot al of 6, 700
cpmr ecover ed, 1, 740 wer e i n t he N- acet yl gl uco-
sami ne ar ea, 3, 700 i n t he di sacchar i de, and 1, 260
i n t he t r i sacchar i de ar ea . The r at i o di - t o mono-
sacchar i de was 2. 1 : 1, cl ose t o t he 2 : 1 val ue ex-
pect ed i f t he t r i sacchar i de was uni f or ml y l abel ed .
Thi s r esul t pr act i cal l y excl udes t he possi bi l i t y t hat
an ( unl abel ed) gl ucose was at t he r educi ng end of
t he t r i sacchar i de . Thi s was f ur t her conf i r med by

r educi ng bot h di - and t r i sacchar i des wi t h sodi um
bor ohydr i de . Af t er hydr ol ysi s wi t h 6 N HCl and

c
GkNAC I GI CNAa12 I GI CNACI , I GI CNAaI , I GI CNAcI s

D

GI , NAC I GkNAJI , I GI C ACI , I GI CNACI , I GI CNAe,
- ~

G

E"̀ GI CNAC I GI CNAd,

F

GICNAC I GI CNACI , I GI CNACI , I GI CNACI , I GI CNACI . ,
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Ef f ect of St r ept omyces chi t i nase on t r i sac-
char i de . ( A) Tr i sacchar i dc, as el ut ed f r om a chr omat o-

gr amsi mi l ar t o t hat of Fi g. 5 C, and r echr omat ogr aphed;

( B) same as A, af t er t r eat ment wi t h St r ept omyces chi t i -
nase. Abbr evi at i ons as i n Fi g . 5 . Ar r ows, st ar t i ng l i ne.

r eacet yl at i on, t he mi xt ur e was subj ect ed t o paper

el ect r ophor esi s wi t h 2% mol ybdat e at pH 5 as

el ect r ol yt e . I n bot h cases, peaks cor r espondi ng t o

N- acet yl gl ucosami ne and N- acet yl gl ucosami ni t ol

wer e det ect ed ( not shown) .

The mat er i al r el eased by snai l gl ucanase was

al so anal yzed . I t s behavi or on mi xed bed exchange

r esi n col umns bef or e and af t er N- acet yl at i on was

ver y si mi l ar t o t hat of t he R- ( 1 - - + 6) - gl ucanase

di gest . The same can be sai d of t he paper chr o-

mat ogr aphy pr of i l e of t he N- acet yl at ed and dei on-

i zed mat er i al ( Fi g . 5 F) . As wi t h t he 8- ( 1 - - + 6) -

gl ucanase di gest , af t er t r eat ment of t hi s mi xt ur e

wi t h St r ept omyces chi t i nase, pr act i cal l y al l t he r a-

di oact i vi t y moved on paper as di acet yl chi t obi ose,

except f or a smal l N- acet yl gl ucosami ne peak ( not

shown, but si mi l ar t o Fi g . 5 E) .

Rol e of Cont ami nat i ng Chi t i nase i n t he

Act i on of t he #- ( 1 - - 6) - Gl ucanase

Pr epar at i on

Pr epar at i ons of R- ( 1 - ). 6) - gl ucanase, af t er pu-

r i f i cat i on t hr ough t he Sephadex G- 100 chr oma-

t ogr aphy st ep ( see Met hods) , wer e st i l l cont ami -

nat ed wi t h chi t i nase. Most of t he chi t i nase ( - 95%)

coul d be el i mi nat ed by passage t hr ough a chi t i n

col umn, as descr i bed under Met hods . Speci f i c ac-

t i vi t i es wi t h r espect t o pr ot ei n cannot be gi ven,

because al bumi n was added bef or e t he l ast st ep.

On a r el at i ve basi s, an amount of Sephadex G- 100

el uat e cont ai ni ng 1 U of R- ( 1 - - ) , 6) - gl ucanase

act i vi t y ( 1 l umol of gl ucose equi val ent l i ber at ed per

mi n at 30° C) decomposed 39 nmol of chi t i n ( as

N- acet yl gl ucosami ne) i n 16 h i n t he chi t i nase assay

( 18) . Af t er t he chi t i n col umn st ep, t he amount of

chi t i nase pr oduct was r educed t o 1 . 6 nmol under

t he same condi t i ons . When i ncubat ed wi t h cel l

ghost s, t hi s pr epar at i on yi el ded smal l ol i gosaccha-

r i des of t he chi t i n ser i es, as ment i oned i n t he

pr evi ous sect i on ( Fi g . 5 C and D) . Ther ef or e, i t

seemed t hat even t he t r aces of chi t i nase pr esent i n

t he pr epar at i on mi ght have an i mpor t ant r ol e. To

ver i f y t hi s poi nt , cel l ghost s wer e t r eat ed wi t h t hr ee

di f f er ent pr epar at i ons of gl ucanase : a Sephadex

G- 100 el uat e, a pr epar at i on t hat had been f ur t her

pur i f i ed by passage t hr ough a chi t i n col umn, and

anot her t hat had under gone a second chi t i n t r eat -

ment . The ef f ect i veness i n el i mi nat i ng FI TC-

WGA f l uor escence f r om t he l at er al wal l s of t he

ghost s decr eased f r om t he f i r st t o t he t hi r d pr epa-

r at i on, i . e . , as t he chi t i nase cont ami nat i on di mi n-

i shed . On t he ot her hand, smal l amount s of chi t i -

nase i n t he absence of / 3- ( 1 - - o 6) - gl ucanase wer e

i nef f ect i ve. When " C- l abel ed cel l ghost s wer e sub-

j ect ed t o r epeat ed i ncubat i ons wi t h an amount of

St r ept omyces chi t i nase t hat l i ber at ed about t he

same amount of r adi oact i vi t y as t he a- ( 1 - - ) . 6) -

gl ucanase pr epar at i on, ver y l i t t l e di mi nut i on of

t he f l uor escence was obser ved . I t i s concl uded t hat

bot h a- ( 1 - - * 6) - gl ucanase and t r aces of chi t i nase

( or ver y hi gh amount s of chi t i nase al one, Fi g . 46)

ar e r equi r ed t o el i mi nat e t he WGA- bi ndi ng ma-

t er i al f r om t he l at er al cel l wal l s .

DI SCUSSI ON

The t hr ee met hods used i n t hi s st udy compl ement

each ot her . Thus, t he use of gol d- at t ached l i gands

al l ows exami nat i on of sur f ace chi t i n di st r i but i on

because t he l ar ge gol d gr anul es cannot cr oss t he

ghost cel l wal l net wor k . On t he ot her hand, t he

smal l er FI TC der i vat i ves can penet r at e f ur t her

and yi el d i nf or mat i on about chi t i n pr esence i n

i nner l ayer s . Fi nal l y, t he r adi oact i ve l abel i ng of

chi t i n af f or ds t he possi bi l i t y of quant i t at i ve and

chemi cal st udi es . The combi nat i on of t he t hr ee

appr oaches al l ows cer t ai n concl usi ons about t he

l ocal i zat i on of chi t i n i n t he yeast cel l wal l .

I n t he f i r st pl ace, t he evi dence st r ongl y suppor t s

t he not i on t hat chi t i n i s di st r i but ed t hr oughout t he

pr i mar y sept um. The sept a wer e compl et el y cov-

er ed wi t h gol d par t i cl es when ei t her gol d- bound

WGA, wheat ger m chi t i nase, or St r ept omyces chi -

t i nase wer e used as pr obes . The smal l amount of

gl ucan st i l l pr esent i n t he i sol at ed sept a i s pr obabl y

i nt er sper sed i n bet ween t he chi t i n chai ns . These
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r esul t s essent i al l y coi nci de wi t h t hose of Hor i sber -
ger and Vonl ant hen ( 15) obt ai ned wi t h yeast cel l
sect i ons . I n cont r ast , pr evi ous obser vat i ons f r om
t he same l abor at or y on i sol at ed sept a ( 14) had
shown weak l abel i ng wi t h WGA- Au, mai nl y r e-
st r i ct ed t o t he per i pher al ar ea of t he sept um. As
t he bud scar pr epar at i on used i n t hose exper i ment s
had a hi gh cont ent of mannan ( 2) , i t may be t hat
t hi s pol ysacchar i de was par t i al l y shi el di ng chi t i n
f r om t he WGA- Au par t i cl es .

Al t hough t he WGA- or chi t i nase- l abel ed gol d
par t i cl es ser ve onl y as mar ker s of t he mat er i al on
t he sur f ace, t he compl et e di ssol ut i on of sept a by
pur i f i ed chi t i nase show t hat t he sept a consi st of
chi t i n t hr oughout . Toget her , t hese f i ndi ngs i ndi -
cat e t hat bot h t he i ni t i al r i ng, whi ch ends up as
t he pr i mar y sept um " r i dge, " and t he cent r al por -
t i on of t he sept um ar e made up of chi t i n, as
pr evi ousl y pr oposed ( 5) .

The ver y heavy l abel i ng of sept a wi t h WGA- Au
cont r ast s wi t h t he spar se bi ndi ng t o cel l ghost s,
even i n t he bud scar ar eas . Thi s r esul t suggest s
t hat t he pr i mar y sept a i n t he bud scar ar e pr ot ect ed

by a l ayer of r esi dual gl ucan f r om secondar y sept a
( 4, 7) , t hat t he gol d par t i cl es cannot penet r at e . A

si mi l ar concl usi on was r eached f r om di r ect obser -
vat i ons of sect i ons of i nt act cel l s and cel l ghost s
by el ect r on mi cr oscopy ( 3, 4) . Fur t her mor e, t he
t ext ur e of t he sur f ace of met al - shadowed pr epa-
r at i ons i s ver y di f f er ent i n i nt act bud scar s and
sept al di sks ( 4) , anot her i ndi cat i on t hat t he ex-
posed mat er i al i s of a di f f er ent nat ur e .

I n cont r ast wi t h t he gol d par t i cl es, t he much
smal l er FI TC der i vat i ves of WGA and of t he
chi t i nases can f r eel y di f f use t hr ough t he i nt act
ghost cel l wal l s, t hus i mpar t i ng t o t he bud scar
r egi on an i nt ense f l uor escence . Wi t h FI TC- WGA,
t he f l uor escence al so ext ended t o t he l at er al wal l s
i n agr eement wi t h t he spar se di st r i but i on of WGA-
Au on cel l ghost s ( cf . al so r ef er ence 15) . Al t hough
t he l at er al wal l WGA- bi ndi ng mat er i al i s a mi nor
component , i t seemed i mpor t ant t o est abl i sh i t s
nat ur e, bot h because of possi bl e physi ol ogi cal i m-
pl i cat i ons and because of i t s i nt er f er ence wi t h t he
use of t he l ect i n as a pr obe f or t he f or mat i on of
t he chi t i n sept um.

Sever al l i nes of evi dence i ndi cat e t hat t hi s ma-
t er i al i s al so chi t i n . Fi r st l y, t he bi ndi ng of t he
WGA- Au par t i cl es appear s t o be speci f i c, i nas-
much as i t was sever el y i nhi bi t ed by chi t i n ol i go-
sacchar i des ; f ur t her mor e, al bumi n- coat ed par t i cl es
di d not at t ach t o t he ghost s . Secondl y, t r eat ment
wi t h St r ept omyces chi t i nase under condi t i ons t hat
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r emove 97%of t he r adi oact i vi t y f r om I " C- gl uco-
sami ne- l abel ed ghost s el i mi nat ed t he FI TC- WGA
f l uor escence as wel l as t he WGA- Au bi ndi ng f r om
l at er al wal l s, al t hough f l uor escence r emai ned i n
t he bud scar ar ea . Thi r dl y, t he same appar ent
r esul t was obt ai ned by pr ol onged i ncubat i on wi t h
a pur i f i ed, but chi t i nase- cont ami nat ed pr epar at i on
of / 3- ( 1 - ~- 6) - gl ucanase . I n t hi s case onl y ^- 7%of
t he t ot al r adi oact i vi t y was r el eased f r om [ ' " Cl gl u-
cosami ne l abel ed ghost s . The coi nci dence bet ween
t hi s amount and t hat l i ber at ed by compl et e di ges-
t i on of t he l at er al wal l s wi t h snai l gl ucanase sug-
gest s t hat t he same mat er i al i s sol ubi l i zed i n bot h
cases . Thi s concl usi on i s r ei nf or ced by t he si mi l ar -
i t y i n t he chr omat ogr aphi c pat t er n of t he r adi o-
act i ve mat er i al i n bot h hydr ol ysat es 3 ( Fi g. 5 Dand
F) . I n bot h di gest s i t was shown t hat al l t he
compounds bel onged t o t he chi t i n ol i gosacchar i de
ser i es, because t hey wer e al l conver t ed i nt o di ace-
t yl chi t obi ose ( pl us a l i t t l e N- acet yl gl ucosami ne)
by St r ept omyces chi t i nase .

Because t he chi t i n of l at er al wal l s amount s t o
<10% of t he t ot al , i t f ol l ows t hat t he bul k of t he

pol ysacchar i de i s i n t he pr i mar y sept a .
An unexpl ai ned r esul t i s t he r el at i vel y st r ong

l abel i ng of t he bud scar ar ea by bot h WGA- Au
and FI TC- WGA, af t er i ncubat i on wi t h chi t i nase
( Fi gs. 3 e and 4b) . I t woul d seem as i f t he accessi -
bi l i t y of t he r esi dual chi t i n t o t he mar ker s had
been enhanced by t hi s t r eat ment . I t may be t hat
on r emoval of t he t hi ck chi t i n " f i l l i ng, " t he t hi n
gl ucan l ayer t hat cover s t he bud scar par t i al l y
col l apses and per mi t s easi er access t o t he r emai n-
i ng chi t i n . Never t hel ess, no evi dence i s as yet
avai l abl e on t hi s poi nt .

The l i ber at i on of chi t i n ol i gosacchar i des by , Q-

( 1 - * 6) - gl ucanase t r eat ment , added t o t he cor r e-
l at i on bet ween f l uor escence decr ease and chi t i nase
cont ent of gl ucanase pr epar at i ons ( see Resul t s) ,
st r ongl y suggest t hat bot h gl ucanase and chi t i nase
ar e r equi r ed f or ef f i ci ent r emoval of t he r adi oac-
t i ve and WGA- bi ndi ng mat er i al . Fur t her mor e,

' On t he basi s of t hi s r esul t , one woul d have expect ed t o
f i nd some chi t i nase act i vi t y i n t he snai l gl ucanase, as was
t he case f or t he / 3- ( 1 - - > 6) - gl ucanase . Never t hel ess, we
wer e unabl e t o det ect such act i vi t y i n t he chi t i n- t r eat ed
snai l enzyme . Per haps t he amount pr esent was bel owt he
sensi t i vi t y of our assay . The al t er nat i ve possi bi l i t y, t hat
t he smal l chi t i n ol i gosacchar i des wer e pr ef or med i n t he
wal l s and r et ai ned t hr ough hydr ogen bondi ng by t he , 0-
( 1 - - > 6) - gl ucan, seems r emot e i n consi der at i on of t he
dr ast i c t r eat ment used f or conver si on of cel l s i nt o ghost s .



compl et e el i mi nat i on of t he r esi dual f l uor escence

i n t he bud scar ar ea of chi t i nase- t r eat ed ghost s was
obt ai ned by i ncubat i on wi t h R- ( 1 - , , 6) - gl ucanase .
Al l t hese r esul t s poi nt t o a st r ong associ at i on be-
t ween chi t i n and #- ( 1 - - - > 6) - gl ucan, a r el at i vel y
mi nor component of t he yeast cel l wal l ( 17) .
Whet her t hi s associ at i on i s si mpl y physi cal or
i ncl udes coval ent l i nkages, i t i s di f f i cul t t o deci de
at t he pr esent t i me . The f i ndi ng t hat St r ept omyces
chi t i nase by i t sel f coul d el i mi nat e al most com-
pl et el y t he FI TC- WGA f l uor escence, al bei t wi t h
di f f i cul t y, suppor t s t he not i on t hat chi t i n and / 3- ( 1
- * 6) - gl ucan ar e not coval ent l y l i nked . Fur t her -

mor e, exami nat i on of t he r adi oact i ve di - and t r i -
sacchar i de r esul t i ng f r om , Q- ( 1 - - - ) , 6) - gl ucanase
di gest i on f ai l ed t o r eveal any gl ucose at t he r educ-

i ng end. The hi gher ol i gosacchar i des coul d not ,

however , be anal yzed i n t he same way because
suf f i ci ent mat er i al was not avai l abl e . The exi st ence

of a f ew N- acet yl gl ucosami ne- gl ucose l i nkages r e-

mai ns t her ef or e a possi bi l i t y .
Fi nal l y, i t i s wor t h not i ng t hat bef or e r eacet y-

l at i on hal f or mor e of t he r adi oact i ve mat er i al

l i ber at ed f r om l at er al wal l s by ei t her a- ( 1 - - > 6) -
gl ucanase or snai l gl ucanase was r et ai ned on an
i on exchange r esi n . I n cont r ast , t he r adi oact i vi t y

sol ubi l i zed by St r ept omyces chi t i nase, whi ch com-
pr i ses ~97% of t he t ot al and i s mai nl y der i ved

f r ombud scar s, was al most compl et el y unchar ged,
i . e. acet yl at ed . I t seems pr obabl y t hat i ni t i al l y al l
chi t i n chai ns wer e f ul l y acet yl at ed, but some wer e
deacet yl at ed by t he al kal i t r eat ment s used i n t he
pr epar at i on of cel l ghost s . The bud scar chi t i n
f or ms a l ar ge, t i ght l y packed aggl omer at e, as
shown by t he abi l i t y of pr i mar y sept a t o mai nt ai n
t hei r shape af t er bei ng f r eed of sur r oundi ng st r uc-
t ur es . I t may t her ef or e be mor e r esi st ant t o al kal i
at t ack t han t he r el at i vel y mor e i sol at ed chai ns or
f i br i l s of l at er al wal l s . Thi s woul d al so expl ai n
why St r ept omyces chi t i nase can el i mi nat e t he f l u-
or escence f r om l at er al wal l s much mor e easi l y
t han f r ombud scar s. We have r ecent l y shown ( 19)
t hat i sol at ed chi t i n chai ns ar e ver y suscept i bl e t o
t he at t ack of chi t i nases.

The concl usi ons of t he pr evi ous di scussi on ar e
summar i zed i n t he dr awi ng of Fi g . 7 . I n t hi s
scheme, chi t i n i s pr esent at a hi gh densi t y i n t he
bud scar and at a ver y l ow densi t y on t he l at er al
wal l . J3- ( 1 - - + 6) - Gl ucan i s pi ct ur ed as cl osel y as-
soci at ed wi t h t he chi t i n. FI TC- WGA, because of
i t s st r ong af f i ni t y f or a- ( 1 - - * 4) - N- acet yl gl ucosa-
mi nyl r esi dues, woul d bi nd t o chi t i n bot h at t he
bud scar s and on t he l at er al wal l , t hus yi el di ng

al most uni f or mf l uor escence . On t he ot her hand,
t he FI TC- chi t i nase der i vat i ves woul d yi el d f l uo-
r escence onl y i n t he bud scar r egi on, because of
t hei r weaker bi ndi ng . The poor er at t achment of

t he chi t i nases may act ual l y be an asset when i t i s
desi r ed t o st udy speci f i c event s occur r i ng dur i ng
chi t i n deposi t i on i n t he sept al ar ea, wi t hout i nt er -
f er ence f r om t he l at er al wal l mat er i al .

I n t he out l i ne of Fi g . 7, i t i s assumed t hat
chi t i nase can el i mi nat e pr act i cal l y al l of t he l at er al
wal l chi t i n, despi t e i t s associ at i on wi t h , ( 3- ( 1 - - - o 6) -

gl ucan, because of t he gr eat er suscept i bi l i t y of t he
i sol at ed f i br i l s and of t hei r sur f ace l ocat i on. On
t he ot her hand, t he chi t i nase does not succeed i n
hydr ol yzi ng al l of t he mor e deepl y bur i ed pol ysac-
char i de i nsi de t he bud scar . Fr omt he r esul t s wi t h
" C- l abel ed ghost s, t he r emai ni ng chi t i n cannot be
>3% of t he t ot al . Yet , t he bud scar s ar e st i l l
st r ongl y f l uor escent wi t h FI TC- WGA ( Fi g . 46) , a
r esul t t hat i l l ust r at es t he ext r eme sensi t i vi t y of t hi s
met hod . At t ack wi t h 8- ( 1 - - - ) . 6) - gl ucanase ( Fi g . 7,
l ower l ef t ) el i mi nat es t he a- ( 1 - - + 6) - gl ucan and,
t hanks t o t he pr esence of t r aces of chi t i nase, al so
t he chi t i n f r om l at er al wal l s. The same t r eat ment ,
when per f or med on chi t i nase- t r eat ed ghost s ( Fi g .
7, l ower r i ght ) nowel i mi nat es t he r emai ni ng bud
scar chi t i n t oget her wi t h t he associ at ed / 3- ( 1- - o 6) -
gl ucan .

Chi t i nase
Bud Scar

	

-

' ~ 0- 1- 6- Gl ucanase

Chi t i nase ( t r aces)

- Chi t m

P- 1- 6- Gl ucan

( 11- 3 Gl ucan

Lat er al

wal l

	

o

/ 1 1- 6- Gl ucsnase

Chi t i nase ( t r aces)
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FI GURE 7 Scheme of t he di st r i but i on of chi t i n and
ot her pol ysacchar i des i n cel l ghost s bef or e and af t er
act i on of di f f er ent enzymes . The scheme i s hi ghl y si m-
pl i f i ed and does not at t empt t o por t r ay t he r eal si t uat i on
i n det ai l . Fi br i l s of , Q- ( l ~ 3) - gl ucan have been l ai d
hor i zont al l y over t he bud scar t o suggest a t hi n l ayer ,
not t o si gni f y t hat t hey have t hat or i ent at i on. The r el at i ve
densi t y of chi t i n i n bud scar and l at er al wal l i s not
necessar i l y t he r eal one .



The or i gi n of t he chi t i n i nt er sper sed i n t he
l at er al wal l i s unknown. I t may r esul t f r om occa-
si onal act i vat i on of some mol ecul es of chi t i n syn-
t het ase zymogen or by movement of act i ve chi t i n
synt het ase al ong t he pl asma membr ane ( 8, 10)
f r om t he sept um si t e t o r andomposi t i ons over t he
cel l sur f ace . Al t er nat i vel y, i t may be ascr i babl e t o
an i ncompl et e evol ut i onar y l oss of t he i nser t i on of
chi t i n i n t he l at er al cel l wal l whi ch occur s i n
f i l ament ous f ungi .

Asi de f r om t he physi ol ogi cal si gni f i cance of t he
r esul t s, t hi s st udy i l l ust r at es t he pot ent i al i t i es, f or
t he st udy of cel l wal l st r uct ur e, of a combi nat i on
of met hods, such as f l uor escence and el ect r on
mi cr oscopy of speci f i c l i gands at t ached t o di f f er ent
car r i er s, act i on of enzymes, and use of r adi oact i ve
l abel i ng of speci f i c pol ysacchar i des.

The aut hor s ar e gr at ef ul t o Dr . H. J . Phaf f ( Uni ver si t y
of Cal i f or ni a, Davi s) f or a st r ai n of Baci l l us ci r cul ar s and
t o Dr . F. Rombout s ( Agr i cul t ur al Uni ver si t y, Wageni n-
gen, The Net her l ands) f or a sampl e of pur i f i ed / 3- ( 1 - - >
6) - gl ucanase . They al so wi sh t o expr ess t hei r t hanks t o
Dr s . G. Ashwel l , J . Cor r ea, A. Dur an, C. Mar cus, 1 .
Pol acheck, E. Shemat ek, and M. Sl at er f or usef ul di scus-
si ons and cr i t i ci sms .

Recei ved f or publ i cat i on 10 August 1979, and i n r evi sed

f or m 17 December 1979.
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