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S U M M A R Y  

The outer-most layer ( '~xo-~yeff ' )  of the wall was isolated ~om cell walls of 
Epidermophymn floccosum. The pure cell wNls, obtained by disruption in a Ribi 
cell ~actionato~ soNcation and centfifugation, we~ diges~d with snMl enzyme 
for 12 h. Therea~er, the exo-layer preparation was obtNned as the ~action refi~ant 
to the snail enzyme. E~ctron microscopy showed that the exoqayer is a thin, ~randed 
n~work structure 10 20 nm thick. Chemical analysis of the exoqayer showed that 
the main components are pro~in (63 ~ L  mannose (10 ~/;) and Nucosamine (17 ~;). 
Sodium dodecyl sNfa~ po~acrylamide gel electrophoresN has reveMed that the 
mNn band is a Nycopromin contNNng mannose. 

I N T R O D U C ~ O N  

Much a~enfion has recenOy been p~d  to fungal cell w~ls ~om the Nochemi- 
cal and u l~as~u~ur~  point of view and the resuRs of investigations have been re- 
viewed in some detail [1, 2]. However, information on the chemistry and u l~as~u~ 
ture of the fungM cell w~ls seems to be limi~d, espe~Mly in pathoge~c filamentous 
fungi, compared with that on bacteria. T~s  may be due to the lack of successful 
~ c h ~ q u ~  for the ~ a t i o n  of highly purified c~l w~ls and the aNlity to separat~ 
selectively, their different layers. Thus most of the information so far obtained is 
based on the analysis of the whole cell wall [I, 2]. 

We have shown ~]  that the who~ cell w~l of a dermatophyte, Epidermo- 
p~ymn floccosum, which is a t y p ~  pathoge~c filamentous fungus, is composed 
chemically of chitin (34 ~) ,  ~ucose (35 ~) ,  mannose (6 ~) ,  pro~in (10 ~,) and lipid 
(5 ~ )  and consis~ of a thin, ~ec~on-dense ou te rmos t  layer and a thick, ~ss e ~ r o n -  
dense inner layer as seen under the dectron m~roscope. In the present investigation, 
as a preliminary sup toward ~uddat ion  of the ~ o l o ~ c ~  fun~ion of the outer-mo~ 
layer ~xo-~yer~  we have sought to isolate this specific layer exoqayer ~om the cell 
wall of E. floccosum and we have performed dec~on  microsco~c and chemicM 
analysis on the purified p~parat ion of this exo-layer. 
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MATERIALS AND METHODS 

Oryan&m and 9row~ 
Epidermophyton floccosum TEF-30 was grown for 7 days at 28 °C in shake 

flasks contNNng Sabouraud's  m e ,  urn (4 ~; ~ u c o ~ ,  1 ~  po~pepton and 0.5 ~°~ 
yeast extra~).  The Namentous myc~ia we~  harvested by fiRrafion and were washed 
several times with Nstil~d wa~r.  

&oNt&n of the outer-mo~ layer ~xo-~yer) 
The exo-layer was isolated from the purified cell walls of E. floccosum. The 

pure cell walls were obtNned by a m~hod  somewhat modified to that pre~ouMy 
described [3, 4]. Mycelia prepared as above were suspended in 10 vols of 0.85 ?/o 
NaCI solutiom blended for 30 min in a Waring blendor, then subsequently homoge- 
nized in a Potter-Elvehjem Nass homogeNze~ until a fine homogeneous suspension 
was obtained and su~ected to ~ u p t i o n  in a Ribi cell f fa~ionator  (SovNl, Inc., 
NorwNk, Conn.). Pressure in the cell was 3 3.5. 10 4 lb/inch 2. Du~ng the entire 
period of the disruption procedure, care was taken to cool the needle vNve of the 
pressure cell to 50 °C with N 2 gas to keep the ~mperature  of  effluent at the outlet 
below 15 °C. This ~ u p t i o n  was repeamd three times. The difin~grated myceliN 
material taken from the effluent was cen~ifuged at 1500xg for 10 rain in a Sovall 
reffigera~d c:ntdfuge and the residue was resuspended in Nsfil~d water~ followed 
by subsequent centrifugation at 1500xg for 10 min to wash. After repeating the 
washing 5 times, the washed, crude cell wall suspens~n was son~ated (Branson 
Sonifier, Branson Sonic Power Company,  Danbury, Conn.) to ~move  adhering 
cytoNasm and centrifuged at 1500×g for 10 min. A~er this, the sonicated cell wall 
f fa~ions were washed with ~stilled water 5 times: the residue constituted the isolated 
wall preparation. 

1 g (wet weight) of the purified cell walls was suspended in 5 ml of  0.1 M 
citrate buffer (pH 5.8) con tN~ng  500 mg (dry weight) of snail enzyme (Industrie 
BiNoNque FranqNse, Paris) and 25 l~g of cNorampheNcol  and incubated at 28 °C 
for 12 h in a shaking water bath. A~er incubation, the reaction mixture was centri- 
fuged at 4000×g for 8 min and the und~e~ed  residue was washed with ~s t i l~d  
wamr. This wash was repeated three times and the resultant pell~ was resuspended in 
N ~ d  water and centrifuged at 400×g  for 10rain. The turbid supernatant was 
centdfuged again at 4000 ×g  for 10 min and the exoqayer was isolated as a pellet. 
The Ngest~n of the cell wNls and the purity of exoqayer ffa~ions were assessed 
visually by phase contrast and electron mkroscopy  a~er each step. 

E/e~ron microscop), 
For electron microscopy, the exo-layer m~eriMs were fixed for 3 h in 1 ~ 

potasfium permanganat~ buffered to pH 7.4 with VeronM acetate [5], dehydrated in 
a graded series of acetone solution and embedded in epoxy resin ~].  U I ~ N n  sec- 
tions were cut with ~ass knives using Ul~ome I (LKB), then stained douNy with 
uranyl acetate [7] and lead citrate [8]. The sections were examined under the electron 
microscope (Japan Electron Opticals Laboratory Co., JEM-100 U type). 

For negative ~ N N n ~  exoqayer suspensions were stained with an equal 
volume of 2 ~ (w/v) phosphotungsfic acid, a ~ u s ~ d  to pH 6.8 with KOH. Aliquo~ 
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of  the stained exo-layer suspensions were deposi~d on Formva~coated copper grids, 
excess samNe removed with sm~l  pieces of filter paper and after drying at room 
~mperature  the specimens were examined in a JEM-100 U type electron m~roscope. 

Chemical analys& 
Neutral monosaccha~des. Qualitative and quantitative determination of the 

i n ~ d u ~  monosaccharide components was performed by gas-liq~d chromatograph~ 
according to a m~hod  pre~ou~y  described 0] .  10 mg of the exo-layer were re- 
fluxed at 100 °C for 4h  with2 ml of  absolute m ~ h a n ~  c o n t ~ n g  5 ~ dry HCI gas in 
sealed ampoules. To the dried e~efified preparation, c o n t ~ n g  mannitol as in~rnal 
~andard,  was added 0.3 ml of filylating reagent, a mixture of  pyf id in~hexameth~-  
• filazane/trimethylc~orosilane (10 : 2 : 1, by volume). Aliquo~ of 1-2 pl of  each 
sample mixture were used for i~ection onto a column 3 ~ silicone OV-I7 (Gaschro 
Kogyo, Tokyo) at 170 °C, the flow rate of N 2 gas was 45 m~min. Cowe~ions for 
losses due to degradation of sugar components were c~c~a t ed  O] and applied to 
the value obtained from the exo-layer methanolysate. 

Total carbohydra~. This was d~ermined by the anthrone m~hod  using glucose 
as the standard [10]. 

Am~o sugars. 10 mg of the exo-layer m a t e d ~  was refluxed at 100 °C for 4 h, 
with 2 ml of  6 M HCI in se~ed ampoules and thereafter the reaction mixture was 
dilu~d to 1 M HCI by ad~f ion  of 10 ml ofdist i l~d wa~r.  The hydrolysate suspension 
was placed on an Am bed i ~  resin c ~ u m n  (CG 120 type 1) from which neutr~ sugar 
and amino acids were eluted with distilled w a ~  Amino sugars were then recovered 
from the ion-exchange column with 10 ml of 2 M HCI. To t~  hexosamine was esti- 
mated by the m~hod  of Blix [11 ]. The fraction e lu~d with 2 M HC1 was ~so  exam- 
ined in an amino a~d autoan~yzer  (Hi tac~ KLA-3 type) with ~ucosamine, g ~ a ~ o ~  
amine and mannosamine as standards for qu~itative an~ysis. In this case, too, cor- 
rections were made for losses due to decomposition during hydr~ysis ~] .  

P r o ~ s  and am~o acids. Protein was measu~d  by the method of Lowry et al. 
[I 2]. After samNes were hydrolyzed for 20 h in 6 M HCI at 105 °C in se~ed ampo~es ,  
the hydrolysates were dried in boiling water and d~solved in deionized wa~r.  The 
hydrolysates thus obt~ned were analyzed with an amino acid autoan~yzer  (Hitachi 
KLA-3 type). 

L&ids. Lipids were extracted by the method of Bligh and Dyer [13]. The 
amount of phosphorus was de~rmined c ~ o f i m ~ r i c ~  at 820 rim, with mOybdate  
as the chromophore reagent [14]. 

Gel e~rophores& 
Prior to po~acrylamide gel de~rophoresis ,  2 mg of the exoqayer preparation 

were ~ o N e d  at 37 °C for 10 rain in 1 ml of a solution c o n t ~ n g  I ~ sodium dodecyl 
sulfa~, 10 ~ sucrose, I mM ~ h ~ e n e d ~ m i n ~ r a a c e t i c  acid (EDTA) and 40 mM 
di t~othreR~ in 10 mM Tris • HCI, pH 8, with 10 pg/ml of pyronin Y as ~ a c ~ n g  dy~ 
The samNe solution was centrifuged at 16 000 ×9 for 10 rain and the dear  superna- 
tant solution was analyzed on 5.6 ?~ pOyacr~amide gel (8 cm long~0.7 cm thick) 
c o n t ~ n g  0. I 0~ sodium dodec~ sulfate, prepared by the method described by Fair- 
banks et al. [15]. EIe~rophoresis was performed at a current of 4 mA in total current 
for 3 h using 0.1 M T r i ~ a c ~ a ~  buffer (pH 7.4). Pro~ins were ~ n e d  with Coomass~ 
Blue [15], and carbohydrates were stained with Schiff reagent [I 5]. 
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The m o ~ c ~ a r  weight of the pdypeptides was estimated from a c~ibration 
curve in which the logarithm of the m d e c ~ a r  weights of standard protdns was p i t t e d  
agains ~he migration distance [16]. The c~ibration curve was prepared with bovine 
serum ~bumin (M~ 67 000~ cat~ase (M~ 60 000), egg ~bumin (Mr 45 000), chymo- 
trypsinogen A (M~ 25 000) and cytochrome c (M~ 12 500). These standards (Combi- 
thek Protein C~ibrafion Kit, Size ll)  were purchased from Boehfinger Mannheim 
GmbH (West Germany). 

RESULTS 

Isolat~n and uOrastructure of the exo-layer 
The procedure employed in this study for the ~olation of the exo-layer from 

the cell wall of Epidermophyton floccosum is based on the difference in sensiti~ty 
between the exodayer and the inner layer of the cell wall to the snail enzyme. Since 
it was observed by e~c~on  microscopy that the cytoplasm~ membrane was also 
highly resNtant to the snail enzyme, it was necessary to isolate the cell walls prior to 
the snail enzyme digestion procedure in order to prevent contamination with cyto- 
plasmic membrane components. The e~ctron microscopy of the thin sections of the 
intact cell wall of E. fioccosum revealed that the cell wall consists of the thin, dectron- 
dense outer-most layer, which we tentatNdy designate '~xodayeC' in this paper, and 
the thick, less electron-dense inner layer (Figs l a and l b). The exodayer is highly 
re~stant to the snail enzyme, aRhough the inner layer was readily dissolved a~er 
incubation for 12 h with this enzyme. 

The purity of the exo-layer fraction was determined by electron microscopy 
and a typical preparation is shown in Fig. 2. No contamination was observed. Thin 
sections of the isolated exodayer showed identical electron density and thickness 
(10-20 nm) with those of the intact exo-layer shown in Fig. ta. The unit membrane 
structure and vesicle formation usu~ly observed in the celt membrane preparations 
were not found in this preparation. 

With the negative staining technique, the structural features of the isolated 
exoqayer are cleady establ~hed. The exo-layer is seen to exhibit a marked difference 
from the intact cell w~l in appearance and rigidity (Figs 3a and 3b), although the 
exo-layer maint~ned the origin~ tubular shape of the hyphal cell. The structure of 
the negativdy stained exoqayer is a randomly arranged fine ~randed, thin reticulum 
(Fig. 3a), whereas the intact cell wall is of a rigid and solid appearance (Fig. 3b). 
At a higher magnification, the thin, randomly stranded network can dea~y be seen 
(Fig. 3a Insert). 

Chem~al analys& of the exo-layer 
The chemic~ composition of the exo-layer is summarized in Table I. 
Neutral and amino sugars. The total carbohydrate content was I 1 ~,, of  dry 

weight by the anthrone method. By gasqiquid chromatography, it was revealed that 
the only significant monosaccharide eont~ned in the exodayer was mannose: this 
was ~most  90 % w/w of the total neutral sugar content. A trace amount of glucose 
and g~actose was also detected by gas-liquid chromatography. 

The qualitative analysis of hexosamine was performed by using the amino 
acid autoanalyzer and only glucosamine was detected. The glucosamine content was 
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Fig. I. (a) Thin section of Epidermophytonfioccosum showing a pall of a hyphal cell and the cel~ 
wall. A thin, ~ecffon-dense laye~ exo~ayer (EXOL) ~ seen on the thkk, ~ss ~ectron-dense inner 
layer (IL) of the c~l w~l (CW). The th~kness of the exo~ayer ~ Might~ ~rger than the cyto~asm~ 
membrane (CM). MT, m~ochondfia; N, nuc~u~ Bar ~dkates ~5~m. (b) Th~ section of the puri- 
fied cell w~l ffactiom It can be seen that the exo~ayer ~ w~l preserved even after drank procedures 
for ~olat~g the pure c~l wM~. Bar indicates ~5~m. 

de~rmined  according to Blix's modi f ic~ ion  of the H s o m M o r g a n  reaction [1 I]. 
The c~l wNls contNned a large amoun t  of N u c o s a m ~ e  (34 ~ )  whi~ the exoqayer 
contNned a smM~r amoun t  (17 ~ ) .  

The ex~acfion m ~ h o d  of Bligh and Dyer [13] ~veNed  Mmo~ no l i nd .  
Charac~rization of protein componen~ by so~um dodecyl su~a~o@aco'L 

amide gM e~e~opho~Ms and am~o add ana@s~. The exo-layer preparat ion contained 
63 ~ p r o ~ i n  by w~gh~ We fu~her  an~yzed  the amino  a~d  c o m p o s ~ o n  and the 
p r o ~  componems  by sodium dodec~ s M ~ t e - p o l y a ~ a m i d e  gel N e ~ r o p h o r ~ .  
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7 

Fig. 2. Thin  section of  the purified exo~ayer  fraction from the Epidermc)phyton~occosum cell walls. 
It is indicated at the por t ion pointed out by arrows that  the thickness of  the exo~ayers  rangzs ~orn 
10 to 20 nm. Bar indicates 0.5 ~m. 



Fig. 3. (a) Electron micrograph ofthe negatively stained, purified exo-layer preparations. The 
ed exo-layers are seen to retain the original tubular shape of hyphae even after dissolving the 
inner layers with snail enzyme. When compared with the intact cell wall (b) which appears very 
the exo-layer is seen to be a very thin, elastic network structure. Insert: a higher magnification 
negatively stained exo-layer. Bars indicate 1 /tm. (b) Electron micrograph of a negatively s 
intact purified cell wall, showing thick and rigid tubular appearance. Bar indicates I rtm. 
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TABLE I 

CHEMICAL COMPOSITION OF EXO-LAYER OF E. FLOCCOSUM CELL WALL 

Results are given as percentage of dry w~ght. 

Whole cell wall Exoqayer 

Neutral sugaff 42 I I 
Glucose ~ 35 trace 
Mannose 7 10 
Gahctose trace trace 

G~cosam~e ~ 34 17 
Pept ide ~ 10 63 
Lipid ~ 6 0 
Total 92 9 I 

" By anthrone m~hod [10]. 
~ By g a s - l ~ d  chromatography ~]. 
~ By the m~hod of BlixN modification of E~on-Morgan reaction [I 1 ]. 
~ By the m~hod of Lowry et al. [12]. 
~ By the m~hod of Bligh and Dyer [13]. 

TABLE 11 

AMINO ACID COMPOSITION OF EXO-LAYER OF ~ FLOCCOSUM CELL WALL 

Exo~ayer m m ~ l  was hydrolyzed ~ r  20 h in 6 M HCI at 100 °C in sea~d ampou~s and then the 
h y d r o ~  w ~  analyzed with an amino acid autoanalyzer (Hitach KLA-3 type), ln~v~ual  figures 
are expressed as mol %. 

Lysine 2,4 Glycine 17.0 
Histidine 0.0 Alanine 10.1 
Arginine 0.9 Valine 4.1 
Aspartic acid 10.5 Cystine 0.0 
Threonine 9.4 Leucine 9.6 
Sefine 8.0 Isoleucine 4.7 
Glutamic acid 13.3 Tyrosine 4.0 
Proline 0.0 Phenylalanine 5.4 

The  a m i n o  acid  c o m p o s i t i o n  o f  the e x o q a y e r  ( T a b ~  11) shows,  u n e x p e ~ e ~ y ,  

a s igni f icant ly  large a m o u n t  o f  glycine and  ~ a n i n e ,  which are  k n o w n  as the i n ~ g r a l  
c o m p o n e n t s  o f  the  p e p t i d o ~ y c a n  o f  s o m e  b a c ~ r i a  [17, 18]. It s h o u l d  ~ s o  be n o ~ d  

tha t  t h ~ o ~ n ~  ~ f i n e ,  a spa r t i c  a ~ d  a n d  ~ u t a m ~  acid  were f o u n d  in ~ g h  p r o p o r t i o n s  

and  these  m a y  be c o n t r i b u t i n g  to  l inkages  be twe en  c a r b o h y d r a t e  and  p r o ~ i n  m o ~ f i e s  
[19-21].  

Fig. 4 shows  the  e ~ r o p h o m f i c  p a t ~ r n  o f  e x o - h y e r  p o ~ p e p t i d e s  o f  E.flocco- 
sum in p o l y a c r ~ a m i d e  gels c o n t ~ n g  ~ I ~o s o d i u m  dodecy l  su l f a~ .  V i s u ~  i n s p e ~ i o n  
o f  the gels revea led  5 m ~ o r  bands ;  one  m a i n  band  (I),  two  sha rp  bands  (1I, l l I )  a n d  
o thers  (IV, V). Since the e ~ r o p h o r e f i c  p a ~ e r n s  were  ~ g ~ y  m p r o d u ~ e  in d i f ferent  
runs  and  wi th  d i f f e ~ n t  ba tches  o f  the e x o - ~ y e r  p repa ra t ions ,  this p a ~ e r n  seems to be 
charac te r i s t i c  o f  the  e x o - h y e r  o f  E. floccosum cell w ~ l .  In the p e f i o d a t ~ S c ~ f f -  
s ta ined gels, which  had been  s u ~ e c ~ d  to  e ~ r o p h o ~ f i s  in p a r ~ l e l ,  on ly  one  band  
was o b s e r v e d  and  the m o ~ l i t y  c o w e s p o n d e d  to Band  I, sugges t ing  tha t  the  Band  1 



566 

'~ I 15.4 I' 

H 8.4 
~ Z4 

~ 5.2 
V 4.2 

Mo~cu~r 
we~ht 

( × 10 ~) 

A B 

acid detec t eF  d igw "as S c hi ffreagenL T b s  e taine4 d '  S°diumd°deci Yl n gefl rpr°teiB ncorrespo n dP s °lypept ides a ~ ' i  re tsu hlfatt e- polyacrylan~ic d e o o m  asMt eobandlof ge d lesigna t e B  d lue a nA dgefng efe lat i v ~  e isle|B,, II1, lV a neul'~t d rs~api~:~e sf~sr ~fa )s:~ l ; ~ r : ~ : ' ~ 2 r ~ r ~ : l d m  i A c o  bilit y.V from top robot tom. The band 

Pdypeptiso de~u m dodecmylig~te_polyacrylamibe de a ~ycopr~dn. Thg[1 dism cdeCUlaele rctrophoresW isdg~s Weu~ein:~minea dcali~ati~nY 
t~ urv° ef thM e°~Htieb Se  154 00g 0,elP 'repareT dhw~r~4 00m 0,d~ff ar°m me~u~St dandar7 d 4 o00W,dghmtshfiv5elr°teJnOSo°o f p°lypepfidt e°ant  dh~ 6~2 000d, istanca es descfibeb dandr S~pecti~l° y. f th~lI~ackinll g~e~Ma SnddYvearaenfrd°tmhuMs~h°dt S'h~unt d°P 

D~CUS~ON 

We have been ~ud~ng the chem~al and ~aswumural arc~u~ of the 
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col wMl of Epidermophytonfloccosum [3] and other pathogenic fungi [4, 5, 21 ]. In the 
previous paper ~]  we reposed  an improved procedure for the ~olation of pure cell 
wMls from this filamentous fungus E. floccosum, and the chem~al composition of 
the isolated c~l walls was a~o presented together with an dectron m~roscopical 
an~ysis. 

The call wall of E. floccosum is a lamellar structure [3, 22] fimilar to that of 
other fungM c~l wM~. Therefore, R is significant and interesting to isolate the individ- 
ual layers from the cO1 wall for the detaiMd investigation of the call wall ~ructure. 
In the present study, we have isolated the ou tevmo~  layers (exo-layer) ~om the 
Epidermophyton col wal~ and showed the prot6nous nature of the exoqayeL ~ 
is of some interest to note that the ~olated exoqayer material is rich in protein (63 ~ L  
whim the remainder of the cell wall comprises pfindpMly polysaccharides (76 ?/o). 
Little has been reposed  about the fungal cO1 wall protons and mo~ ~udies reported 
so far have been limited to analyfis of total amino a~d composition of the cell walls 
[1, 2, 23] wRh exceptions of Wrathall & Tatum's work on the cO1 wMl peptide compo- 
nen~ of Neurospora crassa ~4, 25]. Therefore, we anMysed the exoqayer preparation 
by sodium dodec~ sulfate-polyacrylamide gO d~c eMctrophores~ and five distinct 
bands were found. Since the band revealed by the pef ioda te -Schi f f~ning  corresponds 
to Band I in mo~ility and the only monosaccharide found is mannose, ~ ~ deafly 
sugge~ed that Band 1 ~ a glycoprotein, contMning mannose. A glycoprot~n con- 
t~ning only mannose as the monosacchafide component has not been extracted ~om 
other dermatophyte cO1 wal~ but fimilar glycoproteins were found in yeast call 
walls [19, 20]. 

Our resu~s indicate that the outer-most layer of the Epidermophyton col wall 
~ mostly composed of a glycoprot~n containing mannose and some proton compo- 
nents and that its chemicM nature differs largely from that of the whole cell wMI. 
Ethyleqdiamine-soluble glycoprot~ns were ex~acted ~om a dermatophyt~ M#ro- 
sporum gypseum hyphM walls and their amino acid composition largely differs ~om 
that of E. floccosum exoqayer [26], whim the Neurospora crassa col wall proteins 
show d o s d y  similar amino a6d  compofition to this exoqayer amino add  composi- 
tion. It is also reported that the surface component of the spore wall of Penicillium 
contains protein, which has an amino acid composition almost idenficM w~h that of 
this exoqayer [27]. It should be mentioned that the amino add  consfituen~ of the 
surface protein components are different ~om these of whole cO1 wall protons.  These 
differenczs appear to be a characteristic feature of the surface layer [25] and are Mso 
seen in the present study of the Epidermophyton call wM1 exoqayeL 

The amino acid anal~s~ of the exo-layer revealed that glydn~ Manine, glutam- 
ic acid, aspa~ic acid, threonine, sefine and leucine are predominant. These amino 
a~ds may be involved in the linkage between carbohydrates and polypeptides because 
of the possibility of O-mannosyl bonds from mannose or mannose oligosaccharides 
to sefine and threonin~ and that of a nRrogen #ycosyl bond to a s p a ~  acid and 
#ucosamine w~ch have been reposed by Santandreu and No~hcote [19]. Gluco~ 
amine found in the exoqayer seems likdy to be involved in Hnkages between carbo- 
hydrate and pepfide as found in the yeast #ycoprot~ns  [20], rather than b~ng due to 
chitin microfibri~ of the inner cell wall, since #ucosamine remMns even a~er t reav 
ment wRh snMl enzyme capable of eafily digesting chitin components. 
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The ~Oo~cM ~ n ~ i o ~  of the exoqayer romans to be clarified by ~ h e r  
~perimen~. 
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