
[n the s tudy of cell walls of yeasts and other micro- 
cell wall material  is a first requirement. The usual me 

rial, by  an alkali digestion of the whole yeast, invoR 
ontents, and the cell walls are chemically attacked. Th 
vall studies of yeasts and other fungi. 
~ome years ago suitable apparatus  became available: 
e cell wall of yeasts from its contents 1. This has rece 
~scope and X-ray diffraction studies z, 8, 4, ~ of mech 
dcally intact cell walls. The work mainly concerned 
,ns on other species have been included 2 4. As a re, 
rmed that  certain yeast  constituents isolated befol 
itely part  of the cell wall. These constituents are ye 
~. Also fa t ty  substances and probably proteins are pro 

Yeast mannan has been found by GARZULY-.IANKE ~ 

ast in a series examined by this author which includec 
1an appeared to be absent only in Nadsonia [ulvesc 

mechanically isolated and, hen( 
baker ' s  yeast, although obse 

result of this work it has be 
before from the whole yeast a 

1east mannan,  yeast glucan al 
)resent 2, the bulk being manta 

to occur in nearly all speci 
ted representatives of 12 genel 

fulvescens, Rhodotorula glutinis al 
• us and all hyphal fungi examined. The criterion for t 
e formation of a copper mannan precipitate with Fehli 
75 % H~SO4 extracts of the organisms. 

isolated by alkali digestion of the whole yeast. I t  is part 
e mineral acids. The remaining part,  which is extreme 
then becomes soluble in alkaliT, 4. Recent details of i 

view of earlier papers are given by BELL AND NORTHCOT] 

~alls I has revealed that  the glucan residue after boiling t 
25 % of the original cell wall material. I t  dissolves up 

• The remaining, now alkali-soluble, glucan (termed yea 
bres in the electron microscope and yields a sharp X-r 
ent is sufficiently prolonged. The same X-ray diagram 
nent is omit ted and the cell walls are merely boiled wi 
m has been found to be identical with the reserve care 

vations 
confirmed 
definiteb 
chitin. 
and glucan. 

of yeast  m 
Mannan 
Schizosaccharomyces octosporus 
presence of mannan was the 
solution in neutralised, cold 

Yeast glucan is usually 
hydrolysed by boiling dilute 
resistant to such reagents, 
chemical structure and a revmw 

The s tudy of pure cell w~ 
walls with 3 % NaOH is ca. 
ca. 50% in boiling 2% HC1. 
hydro-glucan) appears as fibres 
diagram if the acid t reatment  
obtained if the alkali t reatment  
dilute acid. The hydro-glucan 
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Lse of an observation mentioned later in this paper 
~d requires slight revision. 
;omewhat earlier attempts to detect chitin in yeasts b, 
ost species u. Nevertheless our own experience is that 
~d or alkali- and acid-treated cell walls of most specie, 
m rather strong, lines of chitin, and always a complete 
hydro-glucan was dissolved by alkali, except with Scl 
afirm the statement of ROELOFSEN AND HOETTE. Pr( 
o the method used for isolating the chitin, viz. repe 
with lO% alkali according to SCHOLL ~2, which seem, 

:ities than the method involving acid treatment indi 
,all material is used. 
)n account of the above observations yeast glucan a 
Lsts, even simultaneously, by X-ray diffraction. Moreo 
n and chitin interferences in the X-ray diagram p 
Lities of these substances in the specimen. 
Fhe above-mentioned data give rise to three quer ies  
ct of the work reported in the present paper; they m~ 
" Is yeast glucan a basic constituent characterising l 
asts exist in which this polysaccharide is lacking, as 

,. Is the occurrence of this substance restricted to tt 

ana cnmn are easuy aetecte 
Moreover, comparison of the hydr~ 

~ermits an estimation of tL 

which have formed the mai 
may be summarised as follow~ 

the cell walls of all yeasts, ( 
is the case with mannan an 

the yeasts, as seems to be t[ 
, or is it also present in the cell walls of other fungi? 
hose fungi where the mannan is absent, is it replaced k 
st glucan and chitin? In other words, are the three con 
ing stones of cell walls of fungi, apart from the cellulo~ 
fatty or waxy substances and proteins? And if not, w 
.~r constituents ? 
above, we could find no reference in the literature to tt 
.tact pure cell walls of fungal tissues. 

M A T E R I A L  A N D  M E T H O D S  

l g h t ,  m i g h t  b e  e x p e c t e d  m o s t  l i k e l y  i n  t h e  y e a s t  s p e c i e s  w i t h  c 
n t h a t  m a n n a n ,  o r  m a n n a n  a n d  c h i t i n ,  a r e  a b s e n t .  T h e  ce l l  w a  
a d i e d  f i r s t ,  t o g e t h e r  w i t h  s o m e  r e l a t e d  a n d  o t h e r  spec i e s .  
e method used for isolating yeast cell walls (vibration of a yes 

glucan 
quantities 

Thq 
subject 

I .  

do yeasts 
chitin ? 

2 .  

case with the yeast mannan 6, 
3. In the cell walls of those 

constituents other than yeast 
ponents the exclusive buildin 
detected in certain groups, 
X-ray diffraction reveal other 

In connection with (3) 
constitution of chemically intact 

Absence of glucan, we thou 
walls of abnormal constitution in 
of these yeasts were therefore studied 

When it appeared that the 
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nd the quant i t ies  of alkali or acid used were ca. I ml to each 
['he X-ray  diagrams were taken at a specimen-fihn distance 
tered) and glass pinholes 4 ° m m  long by  0. 5 mm diam. The 

Cs 

osaccharomyces oclosporus 

[n confirmation of previous data, m a n n a #  and chitin 
ntrast with other yeasts the alkaline extract of th 
flent precipitate when it was neutralised. The weig 
pitate was about 3o% of that  of the initial cell w a l l  
ed a set of rather  sharp interferences 
I, I) different from that  of hydro-glucan 
I, II). The weak, innermost reflection 

s to a slight contamination with yeast 
n as will appear later (see Penicillium). 
Fhe strongest interferences of the precipi- 

I are also present in the X-ray diagram 
e untreated cell walls and disappear after 
ticiently long boiling of the cell walls 
dilute HC1, to give place to the hydro- i ydro-glucan resi- 

initial cell wall 

r species recog- IV III  
~ccharomyces, viz. 
They are clearly 
:her  a n d  f r o m  S. Fig. i. Quadrants  of X-ray  powder  diagrar 
m d  p h y s i o l o g i c a l  of: I. precipitate formed in neutralised 3 

N a O H  extract  (30' at  60 ° C) of Schizosacch  
i n g  t h e r e f o r e  t o  romyces  octosporus  cell walls; II .  S. octospor 
a~all c o n s t i t u t i o n  cell walls after  boiling for 2 hours with 2 

HCI (hydro-glucan);  I I I .  N a d s o n i a  /u lvesce  
:iples underlying cell wails treated wi th  3 % NaOH for 15' 
tsts in one genus, ioo ° C and boiling 2 % HC1 for i h (mixtu 
all  t h r e e  s p e c i e s  of chitin and hydro-glucan);  IV. Sporoboi  

myces  roseus  cell walls, same t rea tment  
s essentially the Nadsonia (chitin only). 

(Fig. 
points 
glucan 

Th( 
tate 
of the 
a suffici 
with 
glucan interferences. The h 3 
due was about lO% of the 
material. 

There are two further 
nised in the genus Schizosaccharo~ 
S. pombe and S. versatilis 14. 
differentiated from each oth, 
octosporus on morphological and 
grounds. I t  seemed interestin 
ascertain whether the cell wall 
is in harmony with the princl[ 
the classification of these yeasts m 
Our results showed that  in 
the cell wall constitution is 

Re/erences  p,  9. 

I *  

a Mickle shaker  and collecting the cell 
onditions (bigger size glass beads:  ca. : 
lium of hyphal  fungi, the research wa 
I t  has to be recognised, however, tha t  t 
t isfactory.  In  par t icular  P h y c o m y c e s  o~ 

Lgar plates, the fungi in mal t -ext rac t  sl: 
naterial consisted mainly in an extract  
'~ HC1 for 1-2 hours. Afterwards  the res 
a t an t  liquids by  neutralising, alcohol t 
led and subsequent ly  X-rayed.  
o the superna tan t  after  extract ion of tl 
mannan .  A blue precipitate was regar 
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?he absence of mannan was confirmed and the gl 
s species. In the residues after acid boiling or succes 
:-ray diagram demonstrated the presence of chitin 
tct. 
"he genus Rhodotorula classified in the family Crypto 
resence of a red to yellow carotenoid pigment. The ', 
Sporobolom3~ces, belonging to the family Sporobolomyc 

fore to compare the cell walls of Rhodotorula with thc 

bolomyces roseus 

"he investigation of the cell walls revealed that her 
.cking. Only chitin could be detected (Fig. I, IV), b 
of the whole cell wall in both this and the preceding 
)uestions may be raised as to the existence of a gen 
y to produce carotenoid pigments in yeasts and the abe, 
hat components the mannan and glucan are replacec 

~ycopsis, Endomyces and Eremascus 

"hese genera are regarded as transition forms betwem 
cell wall constitution might be of interest therefore 

~e yeasts on one hand and that of moulds on the othe 

but thlS accounts tor only c~ 
yeast. 

eneral correlation between th 
the absence of yeast glucan ; furthe 

alaced. This is being investigate( 

between the yeasts and the mould 
therefore for a comparison with tha 

~r. The following species wei 
ularis, Endomyces decipiens and Eremascus /ertilis. The 
in accordance with the rule of GARZULY-JANKE, nocop pe 

he alkali extract of the two last species on adding Fehlin 
f precipitate was obtained from the cell walls of Endom) 

.* treatment with dilute acid, the insoluble part of the ce 
inly of chitin and hydro-glucan. As with baker's yeast, th 
)f the native wall, but the chitin content is much highe 
ninates over hydro-glucan, in the other two species th 

aline extract of Endomyces cell walls, a small amount c 
ich gave a similar X-ray diagram to the precipitate fror 
s prepared in the same manner. 

Q 
abilit 3 
by what 

Endom" 

These 
Their 
of true 
studied: Endomycopsis capsularis, 
all form true mycelium, and, 
mannan was obtained from t 
solution. A small quantity of 
copsis. 

In all three species after 
wall was found to consist mainl, 
residue consists of 2o-25 % of 
In Endomyces chitin predominates 
reverse is the case. 

On neutralising the alkaline 
precipitate was obtained which 
Schizosaccharomyces cell walls 
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weak innermost reflection in the dia- 
of the precipitate from Schizosaccharo- 

s spp., corresponding to 
most  hydro-glucan interference, is not 
:ved in the diagram of the precipitate 
Penicillium. This is evidence that  the ] 

I 
er precipitate is contaminated by yeast 
.n. According to the paper  chromato- 

of the hydrolysed substance, made in 
abora tory  by Mr P. KOOIMAN, it seems 
e built up mainly of glucose residues. 
:ther study is in progress. 
Fhe residue, after boiling with dilute 
or treating with warm dilute alkali and 
~g dilute acid successively, appeared to 

Fig. 2. Qua 
of product., 

material and gave an X-ray diagram precipitate 
ing chitin and hydro-glucan interferences of the wall 

above  extr~ 
2, II). The presence of these substances for ~ h (mi~ 
confirmed, as seemed desirable in par- III. the sa 

wi th  a lka l i  , 
tr for the hydro-glucan, by dissolving dissolved w 
~ydro-glucan with alkali (Fig. 2, I I I )  

u a d r a n t s  of X- ray  powder  d iagra r  
,ducts from Penicillium cell wal l s :  

in neu t ra l i sed  3 % N a O H  e x t r a  
wal ls  (3 o'  a t  6o ° C); I I .  wal ls  af t  

ex t r ac t i on  and boi l ing wi th  2 % H 
mi x t u r e  of hydro-g lucan  and chit in 

same, bu t  hydro-g lucan  dissolv{ 
(chitin) ; IV. same as I I ,  bu t  chi t  

w i th  cold 3 ° % HCI (hydro-glucar  

{C1 (Fig. 2, IV). The proportions of hydro-gluean and chiti 
td 2/a respectively. 
hizosaccharomyces cell walls contain a substance which hl 
udding yeasts, but which was detected in Endomyces an 
tong  the new lines; also, as will appear later, it was isolate 
aiting body of Agaricus campeslris. This seems to emphasis 
n Schizosaccharomyces and the hyphal fungi, a relationshi 
.~tative reproduction. 

all material with 2% HC1 for two hours the residue gay 
which did not resemble those usually obtained from acic 

boilin 
constitute about 3o°J.o of the 
wall 
showin 
(Fig. 
w a s  

ticular 
the h 
or the chitin with cold 30 % HC1 
in the residue were ca. 1/a and 

I t  is remarkable that  Schizosacc 
not been found to date in buddin 
the very first mould studied alon 
in small amounts from the fruitin 
the close relationship between Schiz{ 
already indicated by its vegetatlve 

Phycomyces blakesleeanus 

a. lllycelium 

After boiling the cell wall 
an X-ray diagram (Fig. 3, I) 
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O'I HER FUNGI 

f moulds and the higher fungi has 
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The above  
also in 2% HC 
inferred from t i  

i t r ac t ion  wi th  aci 
subsequent  boili 
a b rown flocculm 
gives rise to the  

When  the 
walls was 

wi th  in teres t  th  
in con t ras t  wil 
o ther  fungi ex~ 
tare  represente(  

• Sectors of X-ray powder diagrams of 
myces cell walls and extracted products: cell wall  m a t e r  
ls after a 2 hours boiling with 2 % HC1; g ram correspon( 
!ter subsequent extraction with 3%, the  deace ty la t i (  
[ (3o' at 6o ° c); ItI.  precipitate in neu- 
d acid extract; IV, chitosan prepared chi t in  af ter  hea 
crustacean chitin; V. sporangiophore In Fig. 3, I I I ,  tt 
treated with 3% NaOH for 3 o' at is shown ma tch  
and 2 % boiling HC1 for t h (chitin and 
(X)) ; VI. native sporangiophore walls, of chi tosan pre I 

wi th  our experience: Wltl~ a 
examined  so far. This precip 

n t ed  about  io°."o of the  origin 
ma te r i a l  and  gave an X-ray  di~ 

ponding to tha t  of chi tosan,  i. 
glation p roduc t  ob ta inab le  fro1 

hea t ing  in concen t ra t ed  alka] 
the  d iag ram of the  substan( 

m a t c h e d  agains t  t ha t  of a samp 
prepared  from crus tacean chitJ 

(Fig. 3, IV). As a confi rmat ion tha t  we al 
p rec ip i t a te  formed the charac ter i s t ic  chi tosan s u l p h a  

ct wi th  H2SO 4 according to publ i shed  me thods  of prep 
ecere nega t ive ly  b i ref r ingent  and  indis t inguishable  from tl 
p repa red  from the  a lka l i - t r ea t ed  crus tacean chit in.  Tt 
the  X - r a y  d i ag ram of the  fungal chi tosan and the  bigg 
stals it  p roduced,  as compared  wi th  those from the contr  

in an even more near ly  pure  s ta te  t han  the la t te r .  Sin 
di lute  acids b u t  not  in neu t ra l  solvents  x:', it  is unde r s t an  

n the  acid  ex t rac t  of the  cell walls on neut ra l i sa t ion .  
s is the  first observa t ion  of the  occurrence of chi tosan 
y in l iving na ture .  However ,  the  " lycope rd ine"  s tud ied  t 
be ident ica l  wi th  chi tosan.  We hope to be able to go in 

v 
Fig. 3. 
Phycom:y 
I. walls 
II.  after 
NaOH 
tralised 
from 
walls 
60 ° C 
waxes 

deal ing wi th  chi tosan,  the  
spherocrys ta l s  when t r e a t ed  
ra t ion  *a. The  spherocrys ta l s  were 
chi tosan  su lpha te  crys ta ls  t 
s l ight ly  h igher  definit ion of 
size of the  largest  spherocrys ta l s  
subs tance ,  suggest  t ha t  i t  is 
ch i tosan  is read i ly  soluble in 
able  t ha t  i t  p r ec ip i t a t ed  f rom 

As far as we know, this  
p lan t  cell wails and  p r o b a b l y  
K O T A K E  A N D  S E R A  16 might  
th is  p rob lem at  a l a te r  date .  
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as concerning spiral growth, tropism and c~ll wall s 
itution we know only that  chitin is a major  eonstitu 
ine the sporangiophore walls for comparative purpo: 
lial walls. 
in sporangiophore cell walls from a culture on brea, 
lial cell walls could be observed. In contrast to the a( 
or alkali- and acid-treated, sporangiophore walls gav( 

ing clear chitin lines. Furthermore, the unknown retie 
~r walls were absent in those of the latter, and strong 
ited the presence of a high amount of waxy or fat ty 
:hloroform extraction it was concluded that  ca. 55 
fly equal amounts of chitin and wa ~y or fa t ty  substa 
dilute HC1, but it would not crystallise sufficiently 
,:tion. I t  was idmtifi3d by the ch tosan  sulphate 
ulites had a yellow colour, presumably due to an irr 
,,nted the crystallisation of the chitosan. 
~_ substance was also obtained which showed in the 
tions of a long crystal spacing of 6o.5 A. I t  was foI 
ct with boiling 2% HC1 from the residue of the ce] 
~aOH. This substance may  be identical with that  re t 
d from the alkali-treated sporangiophore walls in dilu 

Ly for identification by X-ra 
test. The chitosan sulpha 

Impuri ty  which may  also ha~ 

the diagram the 2nd-5th ord 
formed on neutralisation of 
cell walls after t reatment  wit 

,ported by CASTLE 17 to be di 
dilute acid and to affect strong 

tither the fa t ty  substances of the sporangiophore walls m 
it of the mycelium cell walls revealed themselves in tt 

cases give somewhat vague rings (Fig. 3, VI) correspondir 
rences of chitin; these are slightly more distinct in tt 
parently the constituents of the native cell wall are partJ 
;tallites, presumably on account of linkages by which the 
~re complex compounds. 

~amined here was from the stem of a young fruit body. i 
of chitin we have obtained so far from fungal cell wall 
small amount of the "Schizosaccharomyces polysaccharidc 
sing the alkali extract  of the cell walls. The occurrence 

spherulites 
prevented 

A 
reflections 
extract  
3% NaOH. 
solved 
the optical behaviour of the walls. 

I t  is to be noted that  nei 
the acid-insoluble component 
X-ra J diagrams of the native wails. 

The native walls in both 
to the most intense interferences 
sporangiophore diagram. Apparenfi  
prevented fro.n forming crystallites, 
are united to form one or more 

Agaricus campestris 

The cell wall material  examinee 
yielded the highest amount 
viz. 30-35 %; in addition, a small 
was precipitated on neutralisin 
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:. The poly-glucosan known as yeast glucan is lacking i 
:osa and Sporobolomyces roseus. Yeast mannan is als( 
e for Rhodotorula. 
~. Yeast glucan is present in other mannan-deficient 
cens and Schizosaccharomyces octosporus, and in certai 
msition forms between the yeasts and the moulds. 
;. All mannan-deficient species mentioned above (e: 
~sed chitin content, but the amount is smaller thai 
Lan in other species. We cannot say, therefore, that in 
ent species mannan is replaced by chitin. It  is mainl~ 
own, substances. 
i. In all three species recognised at present in the ge: 
Lan and chitin appear to be absent. An unknown a 
onent consisting of about 3o-35 % of the cell wall occu 
ast glucan; this is probably a different glucan. 
i. The cell walls of Penicillium notatum contain about 
own substance as just mentioned. In addition yeast 
1 (ca. 20%) were obtained from the walls of this spec 
i. A small amount of the above unknown componer 
myces decipiens and the stem of the fruit body of At 
.ins no yeast glucan and a high amount of chitin (ca. 
7. In the myceliai walls of Phycomyces blakesleeanus, 

alkali-soluble microcrystallir 
wall occurs in these species in additic 

about 3o% of essentially the sar~ 
hydro-glucan (ca. lO%) an 

)ecies. 
)onent occurs in the cell wails , 

Agaricus campestris. The latt~ 

35%). 
, after boiling with 2 % H(  

itin is present in addition to an unknown microcrystallii 
in warm 3 % NaOH. Furthermore, these cell walls appe~ 
lucan is absent. 
walls of Phycomyces have a different constitution. Th~ 
and nearly as much waxy or fat ty substances. An aci~ 

ng crystal spacing of 6o.5 A was obtained from the aikai 
;o present. 
ical method of chitin detection needs to be revised in th~ 
t precede the conversion of chitin into chitosan. 
;uggests that  as a rule in the native cell wails of fungi tt 
ore or less easily hydrolysable bonds to form complexes. 
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, I l l  I..1~1 I.d, l l l  yi:;a~b~l a l l t l  ~t/llllJ IJbll~l IUlI~I  l la~  [/~.~11 IIIV~.~bI~O. 
all ma te r i a l  and  app l y i ng  X - r a y  diffract ion for t he  de tec t ion  
2onsiderable differences be tween  t h e  cell walls  of ce r ta in  yea 
fung i  h a v e  been  es tab l i shed .  
~everal new  funga l  cell wall  c o m p o n e n t s  wi th  charac te r i s t i c  X- 

La pr6sence de c o n s t i t u a n t s  c o n n u s  des  pa to i s  cellulaires de le~ 
,ure et  chit ine) chez cer ta ines  l evures  et  que lques  au t r e s  c~ 

pu res  et  c h i m i q u e m e n t  in tac tes ,  en  u t i l i san t  la diffract ion 
ch i t ine  e t  de la g lucane .  Des  diff6rences i m p o r t a n t e s  en t r e  
~s e t  en t r e  celles de d ivers  au t r e s  c h a m p i g n o n s  on t  6t6 6tabli~ 
Plusieurs n o u v e a u x  c o n s t i t u a n t s  des  parois  cellulaires, poss6d 
:6ristiques, o n t  6t6 mis  en  6vidence.  

Das V o r k o m m e n  yon  b e k a n n t e n  Ze l lwandbes t and te i l en  der  t 
a u n d  Chi t in  in gewissen He l en  u n d  einigen ande ren  Prize: 
; e n d i a g r a m m e n  zur  A u f t i n d u n g  yon  Chi t in  u n d  Hefeg lucm 
andma te r i a l  u n t e r s u c h t .  E s  w u r d e n  be t rgch t l i che  Unterschfi  
ater t t e f e n  u n d  denen  gewisser  ande re r  Pilze fes tgeste l l t .  
Ylehrere neue  P i l zze l lwandbes tand te i l e  m i t  charakter i s t i sc~  

Here,  n~imlich H e f e m a n n a n ,  Hel 
Pi lzen wurde ,  u n t e r  V e r w e n d u n g  v 
lucan ,  an  re inem,  c h e m i s c h  i n t a k t  

Un te r sch i ede  zwischen  den  Zellw~inden 

cha rak te r i s t i s chen  R 6 n t g e n d i a g r a m m e n  w u r d  

•Soc., 68 (I948) lO. 
HORNE, Biochem. J. ,  51 (1952) 232. 

~-g ANI~ P.  A. ROELOFSI~N, Nature, 168 (I95 I) 693. 
RI~GER, Antonie van Leeuwenhoek, 19 (1953) I.  
iophys. Acta, IO (1953) 477. 
hi. Parasitenh., lO2 (194 o) 361. 
)LEY-MACLEAN, Biochem. J. ,  31 (1937) 72. 
COTIL J. Chem. Soc., (195o) 1944. 
IEEUSE, Biochim. Biophys. Acta, 9 (1952) 699, 
IOETTE, Antonie van Leeuwenhoeh, 17 (1951) 297. 
Ges., 6o (195o) 199. 

9 (19o8) lO23. 
~Iakromolekulare Chemie, 4 (1949) 91. 
;GER-VAN R I J ,  The Yeasts, A m s t e r d a m  (1952). 
t 3 (1921) i i i .  
9hysiol. Chem., 88 (1913) 56. 

(1938 ) 331 • 

Received June 22nd, 19 

Da:  
g lucan  
R 6 n t g e n d i a g i  
Ze l lwandmate r i a l  
s t i m m t e r  

Mehrere  
ge funden .  

1 H.  MICKLE, J, Roy. Microscop. 
D. H. NORTHCOTE AND R. W. 

3 A .  L.  HOUWINK, D.  R .  KREGER 
4 A, L. HOUWINK AND D. R. KREGER 
6 p.  A. ROELOFSEN, Biochim. Bi~ 
e R.  GARZULY-JANKE, Zentr. Baht. 
r R.  A. MCANALLY AND I. SMEDLEY'-MA 
S D. J .  BELL AND D. H.  NORTHCOTE 
9 D. R. K R E G E R  AND B .  J .  D .  MEEU~ 

10 p .  A .  ROELOFSEN AND ILSE HOETTE 
i i  R .  FREY,  Ber. Schweiz. Botan. 
12 E .  SCHOLL, Monatsh.  Chem., 2 9 
1~ H. D E U E L  AND H. ~'~EUKOM, Makromo 
14 j .  LODDER AND N .  j• w .  KRI~GER-VAI~ 
15 H.  BRUNSWIK, Biochem• Z., I I 
18 y .  KOTAK~ AND Y. SERA, Z.  
12 S. E .  CASTLI~, Protoplasma, 3I 

ACKNOWLEDGEMENTS 

r M. P. SCARR, Hayes, for correc 
for valuable assistance in the wor 
ision of the Centraal Bureau voo 
ed by the Netherlands Organisatio 

SUMMARY 

II constituents of yeasts, viz. yeast mal 
her  fungi  ha s  been  inves t iga t ed  us ing  ] 

de tec t ion  of chi t in  a 
'easts  and  bc 

onen t s  wi th  charac te r i s t i c  X - r a y  diagra 

RI~SUMI~ 

de levures  (man 
c h a m p i g n o n  

ct ion des  rayol  
les paro is  

flies. 
~oss~dant  des  di 

Z U S A M M E N F A S S U N G  

REFERENCES 

MAC LEAN 

molekMare 
VAN 

English 
t strains 
cultures, 
iesearch 

lucan and  
dly i n t a c t  
:an. 
of ce r ta in  

de tec ted•  

e, g lucane  
!e su r  des  
d6tec t ion  
cer ta ines  

r a y o n s  X 

Hefe-  
v o n  

:akten 
be-  

w u r d e n  

)53 


