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ABSTRACT 

The crystalhzatlon of (1+3)-r-D-glucan of four fungal species, Luetrporus 

suiphureus, Pzptoporus betuhnus, ScJzzzopJzyIIum commune, and Aspergtlhs ntdulans, 
has hem mvestlgated by X-ray dlffractlon The glucan crystalhzed as three polymorphs 
(I-III) Polymorph I was observed only m native tissue of L sulphureus and P 

betuiznus Polymorph II appeared on preclpltatlon from alkaline solution, and III 
arose after drying In native tissues, a complete change of the glucan mto polymorph 
III occurred after moderate drying (*St 607, but m precipitates only after preceding 
severe drying (at 95” ztz vacua) Polymorph III changed reversibly mto II upon 
hydration. With L. sulphuretts, there were small but srgmficant differences between 
the X-ray patterns of polymorph I, which depended on the tissue investigated (trama 
or context) Preclpltatlon of the natlvc polymorph (I) was observed m one instance, 
but could not be reproduced Improved X-ray patterns of the three polymorphs were 

obtamed after treatment of samples with hot, dilute HCI This treatment led to a 
change from polymorph I mto II m powdered but not m ummpalred native tissues 

INTRODUCTION 

The presence of (l-+3)-a-D-glucan has been demonstrated m the walls of a 
large number of fun@’ TUB glucan 1s soluble m dilute alkali (“S-glucan”)’ ’ X-Ray 
dlffractlon has shown that it 1s present m mlcrocrystalhne condltlon, both m native 
walls and m preclpltates from alkaline solutlon3-6 The reported X-ray patterns 
of the glucan m the native wall are of poor quality, showing only the prmclpal 
reflectrons3*5v6 On the basis of these patterns, Kreger4 and Wessels et al ’ have 
assumed that It has the same crystalline structure as the preclpltated glucan ObaIdah 

and Buck’ have reported drfferences m the X-ray pattern of (1+3)-or-D-glucan 

isolated from cell walls of Fuszcoccttm amygdah as compared with that from Aspergtlius 
nzger isolated by Johnston 8 They ascribed these differences to the presence m F 
amygdali of blocks of (1+4)-rr-hnked residues m the (l-+3)-x-lmked chams. 

We observed slmllar differences m our X-ray patterns of (1+3)-a-D-glucans 

We also found small differences between X-ray patterns of the native and preclpltated 
tX-D-&XXul from mature fruiting bodies of Laetzporus szdpkureus, which are very 
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rich m crystallme (I-_, 3)-a-D-glucan” These observattons led to a more detailed 
study of the crystalhzatlon of (143)~or-D-glucan, resulting m the identification of 
three polymorphs 

EXPERIMENl-AL 

Materials - Frunmg bodies of the bracket fungi Luettporrts stdphtrreus and 
Ptptopot LIS bettritnrts we~ft collected m the field They consist of reproductive tissue 
(trama) and non-reproductrve ttssue (context), which can be easily separated from 
each other9 In both species, the presence of (I+ 3)-a-D-glucan has been demonstrated 
by several methods ’ ’ lo Fruiting bodies of ScIttzopJtyiIttm contnwte and (1+3)-or-D- 

glucan Isolated from hyphal walls of this fungus2 were supphed by Professor J G H 
Wessels This material has been characterized chemically as a linear (1 +3)-U-D- 
glucan5*‘r The glucan of Aspergtlltts tttdtdatts was a gift from Dr J H Sietsma It 
was prepared by neutrahzmg an alkaline extract from isolated walls, and contained 
92 8 % of anthrone-positive maternil and 5 2% of protein Methylatton analysis 
showed 95 ok of the glucostdic lmkages to be (I +3), and its X-ray diffraction pattern 
is slmllar to that of (I+S)-a-D-@can of S commzme (J- H Sietsma, unpublished 
data) This characterrzatron IS in agreement wrth a previous study12 The followmg 
enzymes were used_ R-glucanase, a (1+6)-j?-D-glucanase Isolated from the culture 
filtrate of S contmtttte13, exo-( 1 -+3)-B-D-glucanase, isolated from the culture filtrate 
of Basidlomycete QM SO6 (Spol otrtchm dtntorphosportnn)‘4, and endo-(1 +3f-B-D- 
glucanase isolated from the culture filtrate of Rhizopus QM 1032 (Rhtzopusarr/ttztcs)‘4 

Preparattott of specttnerts - Au-drred trama and context of L stdphtrretts 

and P bettrltntts were used as whole pieces (- 1 mm thick) or as powders made m a 
mortar LipId extraction was done with bomng chloroform-methanol (2-l) and 
treatment with 2% HCl at 60”, both under reflux In the extraction of whole pieces, 
stirring was omitted to prevent dismtegratron Treatments of pieces with chmnase 
(Koch-Light), R-glucanase, or a mixture of endo- and exo-(143)~P-D-glucanases 
were done m 0.05~ acetate buffer (pH 5 5), and those wrth pronase (Calblochem) 
m 0.05hr Sorensen phosphate buffer (pH 8 0) All enzyme treatments were carried 
out for 24 h at 35” under toluene at an enzyme concentration of 1 mg/ml 

Preclpltated (l-+3)-a-D-glucan was regularly obtained from a solution of 
the &can m M NaOH by neutrahzatlon with acetic acrd Tlus gave immediate 
precipitation Alternatively, a 0 I % glucan solutton m 0 5~ NaOH was placed m an 
atmosphere of acetic acrd vapour m a closed vessel After one week, a thm layer of 
precipitated crystalhtes had formed, which was collected by centrifugatlon 

After all treatments, the materials were washed repeatedly wrth de-ionized 
water (powders on the centnfuge, whole pieces by careful shakmg) and dried m air 
at room temperature, unless mdlcated otherwise 

Infrared spectrometry - Infrared absorption spectra were obtained with a 
Umcam SP 1000 spectrometer Specimens were prepared by the KBr disc technique 

X-$?a>? dtffracttort - X-Ray powder diagrams were recorded on a flat film 
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(Kodak Kodlrex), at a distance of 40 0 mm from the specimen, cahbrated with 

SIO,(a-quartz) Samples were pressed mto holes drllled m plastic drscs (thickness, 
0 5 mm) Nl-filtered CuKa-radlatlon was taken from a Phlhps fine-focus tube 
operated at 38 kV/23 mA and passed through a pinhole colhmator (40 mm long and 

0 25 mm wide) Radial density tracings of the diagrams were made with a Joyce- 
Loebl MK III mlcrodensltometer with an effective sht of 0 2 x 2 mm D-spacmgs 
were determined from rmg diameters measured as peak distances on these x 5 optlcal 
analogues 

RESULTS 

Infrared spectrornetq 

The infrared spectra of homogemzed tissues of L srrlphrrrens and P bethtrrs 

showed, n addition to peaks mdlcatmg (1 +3)-z-D-glucan (S44 and 823 cm- ‘) and 
/?-D-glucans (890 cm-‘)‘, an absorption at 860 cm-’ (Fig 1) This means that the 
(1+3)-a-D-glucan m the samples 1s present as a hydrateI 16_ 

X-RaJ drffractlon 

(a) Laetlporus sulphureus (I) Natrle and precrprtated &can As reported 
alreadyg, both trama and context of mature frultmg bodies of this species consist 
largely (up to 78 %) of (L-+3)-%-D-&can, gvmg rise to a dlstmct X-ray pattern of 
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1400 1200 1000 800 
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Fig 1 Infrared spectra of powdered context of frultmg bodies A, P betuhrrs, B, L mlphrem 
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Fig 2 (Lft) Radial density tracmgs of X-ray powder patterns of tissues of frultmg bodies for 
L sulphureus A powdered context, B same as A, but dned at 60” for 2 h, C same as A, but dned 
m vac~to for 2 h, D same as C, but remolstened Numbers mdlcate the crystal spacmgs (run) 

Fig 3 (nght) Radial density tracmgs for L sulphweus A alkah-soluble, acid-preclpltated fraction 
of context (preclpltated glucan), B same as A, but dned in vacua for 2 h, C same as A, but dned 
m vacua at 95” for 2 h, D powdered context, treated with chloroform-methanol and HCl, alkah- 
soluble, acid-preclpltated frachon, E same as D, but dned IIZ vacua for 2 h 

this @can m native tissues (Fig. 2A). Accurate measurements from the micro- 

densitograms have now revealed that the d-spacmgs of the glucan in the trama are 
shghtly larger than those of the glucan m the context. These differences were observed 

with the tissues of fruiting bodies from two locations (Table I) 
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TABLE I 

CRYSTAL SPACIhGS (NM) OF NATIVE AND PRECIPITATED (1 +3)-OL-D-GLUCAN= OF L. SZ&hWeUS 

Natwe Precrpltated 

Context Trama Context Trama 

Sample 1 Sample 2 Sample I Sample 2 

0 978 0 978 0 993 0 993 0 963 0 970 
0 484 0 484 0 488 0 486 0 499 0 499 
0 416 0418 0 422 0421 0 419 0 419 
- - - - 0 392 0 391 
- - - - 0 366 0 363 
0 317 0 318 0 321 0319 0 321 0 321 
0 271 0 270 0 272 0 271 0 270 0 270 

aSamples 1 and 2 were obtamed tom frultmg bodies from dlfferent locatIons 

The alkah-soluble, acid-preclpltated fractions of both tissues showed glucan 

patterns that were slmllar to each other but dlffered from the native patterns The 

differences, which now appear to be fully reproducible, include a small shift of two 

maJor peaks (0 963 and 0 499 nm) towards each other and the appearance of two 

shoulders at 0 392 and 0 366 nm m the pattern of the preclpltated glucan (Fig 3A 
and Table I) These differences between the native and preclpltated glucan became 
partlcuIarly clear from the patterns of the context, smce these showed the best hne 

resolution Furthermore, some low peaks m the pattern of the native glucan, with 

correspondmg spacings between 0 978 and 0 484 nm, had disappeared from the 

patterns of the preclpltated glucan The diffraction patterns of the native and preclpi- 

tated glucan w111 be referred to as pattern I (of which a trama and a context version 

exist) and pattern II, respectively 

With both native tissues, we observed that heating at 60” m the dry state for 

2 h induced a third X-ray pattern (pattern III, Fig 2B) The prmclpal reflection rings 

of this pattern were wider (correspondmg to smaller spacings) than those m patterns 

I and II Heating the tissues m water of 60° for 2 h followed by drymg at room 

temperature did not generate pattern III 
The most likely explanation for these observations IS that heatmg m the dry 

state removes water from the glucan crystalhtes, avmg rise to a different crystal 

structure To test this view, powder saz;ples of native context were dned Z~Z VQCZ~O 

(IO- 6 Torr) at room temperature for 2 h They then showed pattern III (Frg. 2C) 

with considerably sharper hnes than that of the heated samples When these samp!es 

were subsequently remolstened, dried at room temperature, and X-rayed, they 

showed a sharp pattern II (Fig 2D) 
Samples of preclpltated glucan (pattern Ii), when dried zlz vac~o or heated at 

60’ or even at 95”, sometlmes continued to show an unchanged X-ray pattern, but 
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in most cases showed a mrxed II/IIK pattern (Fig 3B) A pure III pattern could not 
be obtamed wrth the precrprtated glucan untrl rt had been drred m V~CUCI at 95O for 
2 h (Frg 3C), losmg 4 4% of Its dry werght as compared wrth samples dried at 95” 
but at normal pressure. After morstenmg of the dned glucan (III), pattern II re- 
appeared Drymg at 60” under normal pressure was then sufhcrent to evoke a pure 
pattern III from this dried and remorstened glucan 

These results indicate that crystallIne (1 +3)-a-D-glucan of L szdphztrezrs can 

occur m three crystal forms or polymorphs I, II, and III Then mterconversrons 
are summarrzed m the followmg scheme 

precrprtatron 

dehydratron 
Sontcatron of suspensions of native, powdered trama (polymorph I) and of its 

precrpnated fractron (polymorph II) appeared to have no mfluence on the crystalline 
structure 

(2) GIzzcarz treated nztlz hot, dzlzzte aczd_ Enhancement of the crystallnuty of 

polysacchandes u-r cell walls by treatment with borhng, dilute HCl has been reported 
on several occasrons’ r’-*’ Th 1s effect may be ascribed to (z) drssolutron of mter- 
fermg substances, (11) hydrolyses of points of branchmg and other bonds, and (zzz) 
aggregatron and crystalhzatron of the liberated hnear chamslg We applied thrs 
method to context material, m order to obtain a better characterrzatron of the 
dtfferences between the polymorphs However, because of the susceptrbrlrty of the 
a-D-glucan to bodmg 2 o/O HCl (wlthm 15 mm, -60 % of the material drssolved), 
the temperature was lowered to 60” Prror to acid treatment, hprds were extracted 

Indeed, consrderably improved patterns of the three polymorphs were obtained 
from pieces of materral treated as described above and subsequently powdered 
(Fig $A,B,C) In partrcular, the drfferences between the X-ray patterns of polymorphs 
I and II m the regions between 0 98 and 0 50 nm became very clear (Fig 4A,C) The 
slight differences between the two versions of pattern I observed with untreated 
trssues (Table I) remamed after the treatment (Table II) After drssolutron and 
precrprtatron, the HCl-treated glucans from both tissues showed rdentrcal patterns 
(polymorphs II, Frg 3D) After drying in vaczzo for 2 h, both these samples showed 

a partral change Into III (Frg 3E)_ After drying ~12 1.~7~2~0 at 95”, thus change was 
complete (pattern same as Frg 4B) When powders of natrve context were heated 
with HCI, a mixture of polymorphs I and II arose (Frg 4D) 

In one instance, the native form (I) was obtained by precrprtatron. After 
neutralization of an alkalme extract from acid-treated context, the precrprtate drd 
not appear rmmedlately, as 1s usual, but only after 2 h standing m the cold After 
removal of the precipitated polymorph I by centrrfugation, the supematant solutron 
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TABLE II 

CRYSTAL SPACINGS (NM) IN POLYhlORPHS I-III OF HCl-TREATED (1+3)-a-D-GLUCAN OF Luetlporus 
sulphurerrs, COMPARED WTH THOSE OF THE GLUCANS FROM Fus~cocc~~m amygdalr AND AspergrUus nrger 

L sulphureus 

Z (context) Z (trama) 

1 0 (VS.) 

zz ZZI 

F amygdah7 A mger7 

0 985 (vs) 

0 780 (w) 
0 703 (w) 

0 575 (iv) 
0 534 (1) 

0 484 (s) 

0 418 (vs) 

0 339 (VW) 
0318(w) 

0 271 (w\ 

0 795 (w) 

0 712 (w) 

0 626 (w ) 

0 577 (w) 
0 538 (w) 

0 488 (m) 

0 422 (s) 

0 340 (WV) 
0 319 (1s) 

0 295 (VW) 

0 273 (w) 

0 963 (vs) 0 95 (s) 
0 865 (s) 

0 785 (w) 

0 645 ‘w) 

0 612 (w) 

0 531 (m) 
0 502 (s) 

0 629 (vs) 

0 509 (w) 

0 454 (vs) 
0 t12 (m) 
0421 (s) 

0 393 (m) 

0 359 (m) 

0 321 (m) 

0 304 (VW) 

0 270 (H) 

0 260 (w) 

0411 (vs) 

0 379 (VW) 

0 617 (m) 

0 500 (w) 

0 455 (S) 

0 409 (vs) 

0 375 (VW) 

0 312 (\H) 

0 281 (w) 

0 259 (WV) 
0 235 (w/ 

0 308 (w) 

0 276 (WV) 

0 253 (VW) 
0 234 (WC) 

0 95 k.) 

0500 cm) 

0 418 (vs) 

0 363 (VW) 

0 322 (VW) 

0 291 (VW) 

0 272 (w) 

0 209 (VW) 
0 199 (\\) 

was cooled agam After one week, a second precipitate had formed, which proved 
to be polymorph II All attempts to reproduce these results, e g , by usmg the slow 
precrpttatron method (see Experimental), faded The latter method yrelded only 
polymorph II 

The crystallme spacmgs of the three polymorphs of (1+3)-cc-D-glucan of 
L srtlpiz~~eus, denved from the best crystalhzed samples, are comprled m Table IT 
For comparrson, thus Table Includes the pubhshed spacmgs of two addrtlonal samples 
of thrs glucan 

(b) Prptoporus betuhnus Trama and context of frurtmg bodres of P betrrlzzzus 

contain (1+3)-a-D-@can ’ ’ lo This glucan 1s m m:crocrystallme condrtron both 
after preciprtatton from alkaline solutronl and m the native cell-wall9 Powder 
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Kg 4 (left) Radial denslty tracmgs for L s~fph~~eus A piece of context, treated with chloroform- 
methanol and FCl, and subsequently powdered, B same as A, but dned at 60” for 2 h, C same as B, 
but remoatened, D context, powdered and subsequently treated with chloroform-methanol and 
HCl (polymorphs md cated on r&t-hand side ) 

Ftg 5 (nght) Radial densuy h-acmgs for P bet~rlmr~ A: piece of trama. treated with chloroform- 
methanol, chltutase, pronase, (l-+3)-@-D-glucanase, and HCI, and subsequently powdered, B same 
as A, but dried at 60” for 2 h, C same as A, alkah-soluble, acid-preclpltated fraction; D same as C. 
but drred III VUCNO for 2 h 
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Fig 6 (left) Radial density tracmgs for S commune A powdered tissue of frmtrng body, B piece 
of frmtmg body, treated with chloroform-methanol, chrtmase, and R-glucanase, and subsequently 
poadered, C same treatment as B, and subsequently with HCI before powdering, D a-D-ghKaU, 

preclpltated (normal method), E a-D-glucan, preclpltated (slow method), F same as E, but dned 
fn vacllo for 2 h 

Fig 7 (r&t) Rachal density tracmgs for A ntdrrlans A preclpltated glucan, B same as A, but 
dned III vacua for 2 h 

patterns of untreated trama-tissue showed only poorly resolved reflections of (1+3)- 

a-D-&Karl, whtch were partlaIIy masked by those of other constltuentsg and did not 
therefore allow unequivocal identlficatlon of the native polymorph When samples 
of trama were treated with chloroform-methanol, chltmase, pronase, and 2% HCl 
at 60”, and subsequently powdered, the glucan pattern could be recognized as pattern 
I (Fig 5%) HeatJug at 60” m the dry state resulted m a change into pattern III 
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(Fig. SB). men this purified glucan was dissolved in alkali, precipitated, and dried 
at room temperature, it showed pattern II (Fig- SC). Subsequent heating at 60” 
induced a par&I and reversible change into III (Fig. SD). 

All (143)~rw-n-glucan preparations from P. betu/~~~, especially those not 
precipitated, showed a poorly resolved peak around 1.4 nm. This reflection, which 
was hardly visible in native trama-tissueg, comes from (L-+3)-&D-glu=ang. The 
enhanced intensity, which is probably due to the HCI treatmentl’, persisted in 
samples treated previously with a mixture of endo- and exo-(l-+3)-@-D-glucanases. 

(c) Schizophyilum commune. X-Ray patterns of total hyphal walls of S. 
confnltrtre and of its native (I +3)-a-D-glucan, obtained by enzymic purification of 
these walls, have been published 5*6. Both patterns show the principal (1-+3)-a-m 

glucan reflections. However, whether these belong to polymorph I or II could not 
be established because of the poor quality of the patterns. To obtain better crystallized 
sampIes, pieces of fruiting bodies were extracted with chloroform-methanol, and 
treated twice with a mixture of chitinase and R-ghtcanase in order to remove chitin 
and R-glucan’l. They were then treated with 2% HCI at 60” and subsequently 
dried and powdered. They showed pattern II, indicated by the position of the major 
peaks, 191th a strong? diffuse, background blackening (Fig. 6C). The latter must be 
due to scattering from amorphous material. After enzyme treatment aIone (Fig. 6B), 
the X-ray pattern was hardIy improved as compared with that of untreated tissue 
(Fig. 6A). These patterns did not ahow a distinction between poIymorphs I and II, 
but they mostly resembIe pattern II. 

In agreement with previous results2*5, the X-ray pattern of the precipitated 
glucan showed only the principal reflections of (1+3)-a +gIucan. Nevertheless, the 
two major peaks were sharp enough to estabhsh the presence of pattern II (Fig. 6D). 
This was confirmed by the more-detailed II pattern (Frg. 6E) of a powder sample 
obtained by gradual precipitation (see Methods). After being heated at 60”, this 
specimen showed a partial change to III (Fig. 6F). In contrast, the glucan precipitated 
in a normal way showed no change, neither after drying ir2 vacua nor after heating 
at 60”. 

(d) Aspergillus niduIans. From the hypha1 walls of this species, only the precipi- 
tated fraction of the alkaline extract was investigated_ It showed a faint X-ray pattern 
with the principal (l-+3)-a-D-glucan reflections. An oily substance could be extracted 
from this material by sonication of an aqueous suspension. After dissolution in hl 
NaOH and precipitation, powder specimens showed a clear II pattern (Fig. 7A). 
The same specimen showed a partial conversion into III after being heated at 60” 
for 2 h (Fig. 7B). 

DISCUSSION 

The foregoing results lead to the conclusion that (1+3)-or-D-glucan of L. 
sulphrrerrs and P. be.iz.-,%rrs may occur as three crystalline polymorphs. The differences 
between the X-ray patterns of polymorphs II and III are obvious and have been 
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notIced earher’, though not Interpreted correctly_ The differences between the X-ray 
patterns of polymorphs I and II have been overlooked, because of the poor quahty 
of the patterns obtamed from the native glucan 3- 6 Our dlstmctlon of the native 
polymorph was due to the abundance of crystalhne (l-3)-a-D-glucan m cell walls 
of L sulphuretrs 

The shght dliferences m d-spacmgs (Table I) between poIymorph I of trama 
and polymorph I of context were observed rn frultrng bodies from two locatrons 
The differences therefore seem to reflect a real, though small, varlablhty m crystallme 
arrangement wlthm polymorph I The d-spacmgs of cryslallme native cellulose are 
also shghtly, but slgmficantly, variable, dependent on the source of this material” 

In P- betulzrzus, the presence of other wall components obscured the (1 43)~U-D- 
glucan pattern, and the presence of the native polymorph could be estabhshed only 
after treatment of the tissue with enzymes and HCI Whether polymorpn I generalty 
represents the native form of (l-+3)-r-D-glucan remams to be determmed The 
results with S cotn?zttze leave some doubt on this point However, the (1+3)-z-D- 

glucan of all species Investigated can exist as polymorph II and III 
Apparently, the polymorphs I and II are hydrated, smce they changed mro III 

when dried zpz lacuo and/or at high temperature This confirms the infrared data 
that indicate (l-+3)-a-D-glucan of L szrlphrtrerrs, P betrrlmts, and S cotmmtze 

to be present as a hydrate The existence of two hydrated forms <I and II) implies 
that the mmlmum ener,T requirement for crystallized chains can be satisfied m 
two ways m wet specimens of this glucan Polymorph II seems to represent the 
energetlcally most-stable form, smce both precrprtatron of the dissolved polymorph 
I (native glucan) and hydration of polymorph III (dried native glucan) normally 
led to polymorph II In only one instance, polymorph I was obtained by preclpltatlon 
TransItIons from II mto I have not been observed 

As m the case of cellulose, the question arlses as to why Nature prefers the 
less-stable form For cellulose, It now seems to be establlshed”l ” that biosynthesis 
generates a packm, 0 of chains wth the reducing ends porntrrlg In the same directIon 
(cellulose I) S\\elhng and recrystalhzatlon leads to a packing of chains wth the 
reducing ends pomtmg m opposite directions (cellulose 11)‘3, which apparently 1s 
thermodynamlcally more-favourable Our results suggest that (1+3)-cc-D-glucan too 
can exist as a metastable polymorph mduced by biosynthesis A similarly essential 
difference in cham packmg, as m cellulose, IS unlrkely between the polymorphs I and 
II of (l-+3)-Z-D-glucan, since polymorph II can be obtained from the metastable 
polymorph I simply by drying and subsequent hydration 

A rearrangement m the crystallized a-D-glucan chains can also be effected by 
treatment with hot, &lute HCI, the glucan m homogemzed tissues of L szrlp/lzrreus 

showed a padla1 change from I to II after this treatment The reason why this effect 
was not attamed m Intact pieces of tissue 1s not clear 

Polymorph III may be expected to have the most compact structure, because 
of the absence of water Indeed, its principal X-ray reflectlons appear to be wider 
than those of polymorphs I and II, mdlcatm, 0 smaller lattice spacmgs If induced in 
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native glucan, thrs polymorph was stable for several weeks, when Induced m the 
preclpltated glucan, polymorph III sometimes showed spontaneous reversion to 
II withm 3 days, with concomitant Increase m weight due to water uptake This 
di&rence m stability seems to reflect a difference in ultrastructure (cf- the phenomena 

discussed below) 
Polymorph II, if derived from I by drymg native tissue at 6G” (givmg nse to 

III) and subsequent moistenmg, could easily be changed completely into 111 agam 
by the same method of drymg With polymorph II in the form of precipitated glucan, 
a complete conversion mto III could not be attamed under these conditions Drying 
at 60” seems to remove water from only part of the crystalhtes, mdicated by a mixed 
II/III pattern CompIete conversion mto pol~morph III did not appear until the 
glucan had undergone severe drying, I e , at 95” m vacua However, after reversion 
of the specimen mto II by moistenmg, re-conversion into III could be attamed easily 
by the moderate arymg method Thus, severe drym g apparently induces changes m 
the crystallues, facilitating water loss from the structure. Maybe these changes are 
cracks, such as those induced by drying m smgle crystals prepared by precipitation 
of the fungal a-D-giucan (nlgeran) havmg altematmg (1+3) and (l-+4) linkages 
These cracks appear concomitantly with a change in the electron diffraction pattern 
of the crystals, mdicatmg a umdu-ectlonal shrinkage of the crystal lattice’“. The 
reason why the drying conditions for complete conversion of our native (l-+3)- 
a-D-glucan into polymorph III are less severe than for the precipitated glucan IS 
obscure Possibly rt must be sought m a different size or form of the native crystalhtes. 

Obaidah and Buck’ reported differences between the X-ray paLems of (l-3)- 
rl-D-glucan from Aspergrifus trrger and Fusrcoccrmm atnJgdalt, which were supposed 
to be due to the presence of (l-4)-a-D-lmkages m the glucan of the latter species 
Table I shows that the glucan of A tzrger IS m the II-form, m agreement with its 
being precipitated The precipitated glucan of F atnygdah exhibits a mixed II/III 
pattern. probably induced by drymg The differences are therefore fully explamable 
from our data on the polymorphtsm of the glucan and not indicative of (l-4) 

linkages 
Retd and Bartnickl-Garc~a’5 have published an X-ray pattern of (1+3)-a-D- 

glucan without notmg its difherence from the patterns of this glucan reported earher 
This pattern can now be recognized as that of polymorph III 

Our failure to purify the cr-D-glucan in the hyphal walls of the trama of P 
bettrhrrs with (l-+3)-B-D-glucanase might be due to the presence of the a-D-glucan 
as a separate layer on the outside of the cell wall, preventmg the underlymg B-D-glucan 
from attack by the enzyme An outer layer of (l-+3)-a-D-glucan occurs m the cell 
walls of a number of other fungi, basidiomycetes as well as deuteromycetes26-30 
In at least one of these, S commune, It has also been observed that treatment of 
unbroken cells with B-D-glucanase and cmtmase did not remove the underlymg 
P-D-g!UCan and chum from the cell walls31 

In the infrared spectra of samples contammg (l-+3)-tx-D-glucan presented in 
this paper (Fig 1) and elsewhere ’ ’ 3 ‘, there is a strong absorption peak at 930 cm- l 
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This peak is also present m the spectra of such (l-+4)-a-D-linked @cans as glycogen 

and starch32B33, but not m those of dextran’6*32 and (1~3)-~-~-glucan~~ It seems, 
therefore, to be typrcal for (1+3)- and (l-4)-cr-D-hnked polyglucoses and may 
represent the characterrstrc absorptron at 917 cm-’ of a-D-hnked drsaccharrdes32, 

shrfted to a hrgher frequency because of polymerrzatron, as m the Infrared spectrum 
of starch3’ Furthermore, a-D-ghrcans generally show specific absorptron m the 
800-760 cm-’ regron3’ 33 Ho wever, this generahsatron drd not apply to (143)-a-D- 
glucan’ 13. 3o Our spectra, showing no appreciabIe absorptron m thus regron, support 
the latter data 
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