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INTRODUCTION 


Our previous at tempts  to  e lucidate  the s t ructure  and extent  of  the 

hyphal  sheath of  wood- decay fungi  by scanning electron microscopy (SEM) 

showed that  different  preparat ive methodologies  yield differ ing and 

frequent ly  confl ic t ing resul ts .  Foisner  e t  a l .  (1985a and b) ,  Highley and 

Murmanis  (1985,  1987) ,  and Green et  a l .  (1989)  provided substant ia l  

ul t ras t ructural  evidence for  the presence of  extracel lular  membranous 

s t ructures  that  assume a var ie ty  of  forms,  including sheets ,  tubules ,  

vesicles ,  and f ibers .  Evans et  a l .  (1981)  reported a f ibr i l lar  sheath 

surrounded by a t r ipar t i te  pel l ic le  on rapidly growing Bipolar is  maydis .  

Day et  a l .  (1986a and b)  a lso provided evidence for  extracel lular  fungal  

s t ructures ,  cal led "fungal  f imbriae" , which the authors  descr ibed as  

pr imari ly  proteinaceous.  Foisner  e t  a l .  (1985a and b)  analyzed isolated,  

extracel lular  membranous s t ructures ,  which were reportedly composed of  

carbohydrate ,  protein,  and l ipid.  These s t ructures  were bet ter  visual ized 

by t ransmission electron microscopy (TEM) af ter  t reatment  with osmium 

and/or  ruthenium red.  

Thus,  the l i terature  supports  the hypothesis  that  the membranous 

s t ructures  compris ing the hyphal  sheath form a t r ipar t i te  l ipid bi layer ,  

without  phosphol ipids ,  associated with protein and carbohydrate .  The 

carbohydrate  component  is  probably fungal  glucan in  var ious forms.  The 

1The Forest  Products  Laboratory is  maintained in  cooperat ion with the 

Universi ty  of  Wisconsin.  This  ar t ic le  was wri t ten and prepared by U.S.  

Government  employees on off ic ia l  t ime,  and i t  i s  therefore  in  the publ ic  

domain and not  subject  to  copyright .  
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presence of  fungal  glucan in  a var ie ty  of  f i lamentous fungi  has  been well 

documented;  fungal  glucan has  been referred to  var iously as  muci lage,  

extracel lular  s l ime,  mucoid substance,  and mucopolysaccharide.  The glucan 

moiety i s  composed of  90% glucose residues (Foisner  e t  a l . ,  1985b;  

Micales  and Highley,  1990) .  Bonfante- Fasolo e t  a l .  (1987)  suggest  that  

extracel lular  polysaccharides  are  r ich in  low molecular  weight  sugars ,  

usual ly  lost  during convent ional  procedures  for  e lectron microscopy.  

The extracel lular  mater ia ls  of  microorganisms are  f requent ly  viewed 

as  contaminants ,  which should be removed pr ior  to  f ixat ion by t reatments  as  

s imple as  washing in  an isotonic  buffer  (Hayat ,  1981;  Wilcox and Brier ,  

1987) .  Often,  the presence of  adherent  s l ime on the surface of  t issues  

examined by SEM obscures  underlying s t ructures  (Honegger ,  1985;  Waterman,  

1982) .  

We consider  the term 'hyphal  sheath '  to  refer  to  a sheath that  

includes the var ious s t ructural  membranous elements  as  wel l  as  glucan.  The 

hyphal  sheath is  not  confined to  only the immediate  vicini ty  of  the hyphae,  

but  is  ubiqui tous and extensively dis t r ibuted over  the lumen surface of  the 

wood cel l  wal l ,  as  is  the decay process .  Presence of  glucans in  cel l  wal l  

and extrahyphal  extensions are  f requent ly  overlooked (Fleet  and Phaff ,  

1981) .  

In  this  SEM study,  we ut i l ized several  convent ional  f ixat ion 

techniques rout inely used in  TEM for  visual iz ing wood- decay fungi .  We 

conjecture  that  membrane- specif ic  f ixat ives  enhance preservat ion of  the 

organized l ipid layers  in  associat ion with protein and glucan.  

Convent ional  f ixat ion techniques were supplemented with addi t ives  reported 

to  enhance membrane s tabi l izat ion,  e .g .  CaCl 2, OsO4, picr ic  acid,  saponin,  

and glutaraldehyde.  Cryofixat ion was also used,  as  a means of  excluding 

chemical  f ixat ion and solvent  dehydrat ion.  

Central  to  any ul t ras t ructural  s tudy i s  the acknowledgement  of  the 

possible  generat ion of  ar t i facts  that  are  not  ident ical  to  actual  in  vivo 

s t ructures  (Crang,  1988) .  However ,  the modif icat ion of  biological  

s t ructure  by a var ie ty  of  f ixat ion protocols  i s  important  f rom the 

perspect ive that  cer ta in  s t ructures ,  especial ly  membranes,  will respond in  

a predictable  manner ,  thus reveal ing their  ident i ty .  The purpose of  this  

s tudy was to  extend our  previous observat ions (Green et  a l . ,  1989)  of  the 

ul t ras t ructural  morphology of  the hyphal  sheath of  brown- and white- rot  

fungi  by SEM using diverse  preparat ive protocols .  The resul ts  presented 

here  i l lustrate  a var ie ty  of  morphological  modif icat ions of  the hyphal  

sheath observed af ter  f ixat ion and dehydrat ion for  SEM. These 

modif icat ions provide addi t ional  evidence for  the hypothesis  that  the 

hyphal  sheath is  an extensive extramembranous s t ructure .  
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MATERIALS AND METHODS


Fungi  and Culture  Condit ions 

Wood blocks (8 by 8 by 4mm) of  var ious species  were decayed by 

different  fungi  using the ASTM soi l -block procedure (ASTM, 1971) .  Southern 
yel low pine (Pinus spp.) blocks were decayed by Post ia  placenta  (Fr . )  

M.Lars  e t  Lomb.  ( isolate  # MAD-698).  Maple (Acer  spp.) blocks by Trametes  
vers icolor  (L.  :Fr)  Pi la t  ( isolate  # MAD-697),  and poplar  (Populus  spp.) 

blocks by Phanerochaete  chrysosporium Burds.  in  Burds.  e t  Eslyn ( isolate  

# MAD-461).  Wood blocks were removed at  selected intervals  during 

the 12-week decay per iod for  examinat ion by SEM. 

F i x a t i o n  

Several  f ixat ion schedules  were used for  decayed wood blocks;  (1)  

cryofixat ion by rapid quenching in  precooled (30 lb/ in  2, -21°C) l iquid 

ni t rogen (QLN) and lyophi l izat ion without  chemical  f ixat ion;  (2)  a ldehyde 

f ixat ion 1.0% glutaraldehyde (G) and 4.0% paraformaldehyde (F)  in  0 .1  M 

cacodylate  buffer  (pH 7.2)  for  1 to  12 h,  double  f ixat ion in  the same 

f ixat ive plus  0 .05% CaCl 2 and 2% OsO 4, the  same f ixat ive plus  0 .05% CaCl 2 

and 0.05% saponin (SAP) added (Hayat ,  1981) ,  or  the same f ixat ive postf ixed 

in  1% OsO 4; (3)  chemical  f ixat ion in  saturated picr ic  acid,  2% 

paraformaldehyde and 3% glutaraldehyde (PAFG) in  phosphate  buffer  as  

descr ibed by Waterman (1982)  for  2 h ,  or  the same f ixat ive postf ixed in  2% 

OsO 4 overnight ;  and (4)  chemical  f ixat ion in  1% aqueous OsO 4 vapors  for  4 

to  8 h in  a chemical  hood (Cole,  1986) .  

Dehydrat ion and Drying 

Three techniques were used for  dehydrat ion and drying:  cr i t ical  point  

drying,  f reeze drying,  and air  drying.  For  cr i t ical  point  drying (CPD),  

f ixed decayed blocks were dehydrated in  a ser ies  of  increasing 

concentrat ions (30,  50,  70,  85,  90,  95,  100%)  of  e thanol /buffer  or  

acetone/buffer  and dr ied in  5 to  10 changes of  l iquid CO 2 ( t ransi t ion 

f luid)  in  a Balzer 's  2 c r i t ical  point  dryer  equipped with a high pressure 

f i l ter  (Union Carbide,  NJ) .  For  f reeze drying (FD),  cryofixed decayed 

blocks were t ransferred to  a precooled cryovessel  and lyophi l ized 

overnight  a t  - 55°C for  12 h.  

2The use of  t rade or  f i rm names in  this  publ icat ion is  for  reader  

information and does bot  imply endorsement  by the U.S.  Department  of  

Agricul ture  of  any product  or  service.  

313 



Figure 1. Scanning Electron Micrographs of Undecayed and Decayed Wood of 
Pinus spp. (QLN-FD). (a) Undecayed Control, (b) Wood Decayed 
by Postia placenta. Note Prominence of Fiber Angle in S3 Layer 
(a); (b) Fiber Angle Occluded by Hyphal Sheath (s) Covering S3 
Layer and Hypha (h). Scale Bar in (a) = 10 µm; (b) = 5 µm. 

Coat ing and SEM 

Dried wood blocks were spl i t  longi tudinal ly  with a razor  blade to  

expose the radial  face and then coated with gold (Au) in  a Polaron 

sput ter- coater  for  approximately 22 s resul t ing in  an Au- layer  

approximately 65 to  70 A thick.  Specimens were examined with a Hitachi  

S- 530 scanning electron microscope at  an accelerat ing vol tage of  25 Kv and 

working dis tance of  approximately 5 to  10 mm. 

RESULTS 


The ul t ras t ructural  features  of  the hyphal  sheath and associated 

extracel lular  hyphal  s t ructures  of  the brown- rot  fungus P.  placenta  

(Figures  1 to  3 ,  and 4e- f) ,  and the white- rot  fungi  T .  vers icolor  (Figure 

4a- b)  and P.  chrysosporium (Figure 4c- d)  were i l lustrated by SEM. In 

general ,  the  hyphal  sheath of  both brown- and white- rot  fungi  appeared 

extensive and s imilar .  Different  morphological  var ia t ions in  hyphal  

sheath s t ructure  were observed and were dependent  upon the preparat ive 

methods used for  f ixat ion and dehydrat ion,  

The hyphal  sheath covered the hyphae and extended out  f rom them onto 

the lumen surfaces  of  the wood cel l  wal ls .  The sheath of ten appeared 

disrupted at  the hyphal- S3 interface,  This  was probably due to  shr inkage 

during dehydrat ion (Figure 2b,  d ,  and g) .  The extensive nature  of  the 
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Figure 2. Sequential Modifications of Hyphal Sheath of Postia placenta 
on Pinus spp. by Various Preparative Methods. (a) GF 1 h-Etoh-
CPD, (b) GF 2 h-Acctonc-CPD, (c) GF+CaC12 SAP 12 h-Etoh-CPD, (d) 
PAFG 2 h-OsO4 12 h-Etoh-CPD, (c) OsO4 Vap. 4 h-QLN-FD, (f) GF-
Acetonc-CPD, (g) GF+CaCl2 +SAP 1 h-Etoh-CPD. (*Note Extrahyphal 
Structures) Scale Bars = 1 µm. 
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F i g u r e  3. Fibrillar Modifications of Hyphal Sheath of Postia placenta 
on Pinus spp. by Various Fixation-Dehydration Protocols. (a) 
Fixed PAFG 12 h-Etoh-CPD, (b) OsO4 Vap. 4 h-AD, (c) PAFG 2 h-
OsO4 12 h-CPD, (d) GF+CaCl2 +OsO4 8 h-Etoh-CPD, (e) GF-Acetone-
CPD, (f) PAFG 2 h-Etoh-CPD. Scale Bars = 1 µm. 
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Figure 4. 	 Vesiculated and NonVesiculated Hyphal Sheath of Brown- and 
White-Rot Fungi. (a-b) Trametes versiclor : QLN-FD; (c-d) 
Phanerochaetae .chrysosporium : (c) GF-Etoh-CPD, (d) QLN-FD; (e­
f) Postia placenta : (e) PAFG-Etoh-CPD, (f) QLN-FD. Scale Bars 
= 1 µm. 
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hyphal  sheath and i ts  abi l i ty  to  cover  and occlude the l inear i ty  of  the 

f iber  angle  of  the S3 surface layer  of  the wood cel l  wal l  are  evident  in  

Figures  1b and 2c,  as  compared to  the sheath of  the undecayed control  

(Figure 1a) .  

Removal  of  the hyphal  sheath from the outer  surfaces  of  hyphae and the 

S3 lumen surface of  the wood cel l  wal l  occured frequent ly  af ter  

convent ional  chemical  f ixat ion and CPD (Figures  2a-f  and 3e) .  Sequent ia l  

removal  of  sheath components  was commonly observed in  different  areas  of  

the same wood block,  most  l ikely because par t ia l  penetrat ion of  

f ixat ives  and/or  solvents  during CPD. Underneath the hyphal  sheath,  other  

extrahyphal  s t ructures ,  which appeared convoluted and membranous,  were 

vis ible  (Figure 2a-c ,*) .  Inclusion of  "membrane-stabi l iz ing agents"  

during f ixat ion ( that  is ,  p icr ic  acid,  CaCl 2, saponin,  OsO 4) ,  as  wel l  as  

increasing f ixat ion t imes from 2 to  12 h,  apparent ly  improved retent ion of  

sheath components  and s t ructures  during dehydrat ion (Figures  2c-e  and 3f) .  

Figures  2e and 3b i l lustrate  the apparetnt  col lapse of  both hyphae and 

intact  smooth sheath covering the S3 layer .  

The increased porosi ty  of  the S3 layer  of  the wood cel l  wal l  during 

the decay process  were revealed by dehydrat ion in  organic  solvents  and CPD 

(Figure 3a-f) .  Extensive f ibr i l lar  sheath s t ructure  was observed af ter  

a ldehyde f ixat ion fol lowed by dehydrat ion in  e i ther  a lcohol  or  acetone and 

CPD (Figure 3a,  c ,  d ,  and f) .  The f ibr i l lar  e lements  of  the hyphal  sheath 

extending from the hyphae were s imilar  to  the residual  wood s t ructures  

( l ignin ?)  and associated porosi ty  of  the lumen surface of  the wood cel l  

wal l  (Figure 3a,  c ,  and e) .  

Structural  var ia t ion or  modif icat ion ar t i facts  of  the hyphal  sheath 

included lamellar  sheets  (Figures  1b;  2b,  d ,  g;  and 4a,  d ,  f ) ,  f ibr i l lar  

arrays extending between the hyphae and the S3 layer  (Figure 3d,  and e ,  and f) ,  

and vesicular  s t ructures  (Figure 4a,  b ,  d ,  and f) .  these modif icat ions 

were of ten seen in  one preparat ive method but  were absent  in  others .  For  

example,  in  both T.  vers icolor  and P.  chr isosporium, vesicles  wsere observed 

af ter  cyrof ixat ion (QLN) Figure 4a,  b and d) ,  wereas  both lamellar  and 

vesicular  s t ructures  were absent  fol lowing DPD (Figure 4c) .  In  P.  

placenta ,  however ,  angular  vesiculat ion was observed only af ter  pr imary 
f ixat ion with PAFG, supplemented with CaCl 2 and saponin,  and fol lowed by 

CPD (Figure 4f) ,  and never  af ter  QLN (Figure 4e)  or  exposure to  OsO 4 

vapors .  Smooth,  extracel lular  membranous sheets  were most  consis tent ly  
observed and were associated wtih al l  three wood- decay fungi  af ter  QLN, 

even though these sheets  were of ten disrupted with holes  and cracks caused 

by shr inkage during dehydrat ion (Fiures  1b;  2b and g;  3d;  and 4a, d, and f). 
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DISCUSSION 


This  s tudy was a prel iminary survey of  preparat ive methodology for  

f ixat ion and dehydrat ion of  decayed wood blocks for  examining the hyphal  

sheath of  brown- and white-rot  basidiomycetous fungi  by SEM. Clear ly ,  wide 

morphological  var ia t ion in  hyphal  sheath s t ructure  was observed within and 

between different  preparat ive methods.  This  var iabi l i ty  was due in  par t  to  

the biological  var iabi l i ty  inherent  in  the interact ion of  wood-decay fungi  

and substrate  and in  par t  to  the par t ia l  or  sequent ia l  modif icat ion of  

hyphal  s t ructures  during specimen preparat ion (f ixat ion and dehydrat ion) .  

No s ingle  preparat ive method was adequate  for  determining sheath 

s t ructure .  All  methods produced ar t i facts .  Nevertheless ,  several  general  

pr inciples  emerge from this  s tudy with regard to  the interpretat ion of  

sheath s t ructures .  

There are  more morphological  s imilar i t ies  than diss imilar i t ies  in  the 

ul t ras t ructural  character is t ics  of  the hyphal  sheaths  of  the three 

wood-decay fungi .  This  is  in  concert  with the conclusions of  Highley 

(1987) ,  Foisner  e t  a l .  (1985) ,  and Green et  a l .  (1989)  that  the hyphal  

sheath plays a central  and ubiqui tous role  in  wood decay by both the 

brown- and white- rot  fungi ,  and that  i t  i s  operat ive at  large dis tances  

f rom the hyphae.  

Convent ional  a ldehyde f ixat ion (glutaraldehyde and 

paraformaldehyde) ,  fol lowed by solvent  dehydrat ion and CPD, removed and/or  

modif ied the hyphal  sheath unless  supplemented with membrane-stabi l iz ing 

agents  in  the pr imary f ixat ive or  during postf ixat ion.  The dehydrat ion 

s teps  for  CPD included graded ethanol  and acetone ser ies  to  100% 

concentrat ion.  Unless  l ipids  or  carbohydrates  are  adequately preserved,  

extensive removal  during dehydrat ion can be expected.  Acetone is  reported 

to  remove 95% of  l ipids  f rom membranes of  mycoplasmas (Razin,  1969) .  

A universal  feature  of  a l l  cel l  membranes is  the presence of  some 

amphipathic  (bimodal)  s t ructural  molecule ,  usual ly  phosphol ipids  in  animal  

cel ls  and glycol ipid in  plant  cel ls  (Green and Tzagoloff ,  1966) .  Lipid 

extract ion procedures  demonstrate  that  membrane-associated polar  l ipids  

require  polar  solvents ,  such as  e thanol ,  to  disrupt  hydrogen bonds or  

e lectrostat ic  forces  between l ipid-protein complexes.  In  addi t ion,  

a lcohol  dehydrat ion coextracts  sugars ,  amino acids ,  and sal ts  (Kates ,  

1986) .  Neutral  l ipids  are  soluble  in  acetone,  whereas  polar  l ipids  are  

insoluble  in  cold acetone (Kates ,  1986) .  During l ipid extract ion,  polar  

and nonpolar  l ipids  are  extracted by ethanol  and acetone,  respect ively,  and 

in  addi t ion,  a lcohol  disrupts  and extracts  l ipid-protein complexes (Kates ,  

1986) .  Foisner  e t  a l .  (1985a)  character ized the hyphal  sheath as  90% 

319 



glucose residues and the remainder  as  protein and l ipids .  Phospol ipids  

were not  detected by Foisner  e t  a l .  (1985a) ,  but  this  does not  exclude a 

role  for  s t ructural  glycol ipids .  

Ethanol  precipi ta tes  extracel lular  glucan of  wood- decay fungi  during 

isolat ion procedures  (Micales  and Highley,  1990) .  Therefore ,  i f  l ipids  

were removed by ethanol  in  CPD, associated glucan would precipi ta te  and/or  

condense.  Li t t le  evidence in  the l i terature  suggests  that  the sheath and 

related s t ructures  would undergo s imilar  extract ion during QLN, but  

f reezing or  f reeze- thawing ar t i facts  may be evident ,  Such modif icat ions,  

however ,  are  unl ikely to  represent  a large- scale  removal  of  proteins ,  

l ipids ,  or  carbohydrates .  

Glutaraldehyde is  reported to  f ix  biological  membranes (Hayat ,  1981) ,  

but  glutaraldehyde or  formaldehyde has  only a s l ight  react ion with l ipids .  

Glutaraldehyde cross- l inks proteins  without  reducing the f luidi ty  of  the 

l ipid bi layer ;  this  can resul t  in  the formation of  vesicles ,  bl is ters ,  and 

blebs (Crang,  1988) .  In  addi t ion,  phosphol ipids ,  when present ,  may be 

removed and the l ipid moiety of  membranes destabi l ized by glutaraldehyde 

(Hayat ,  1981) .  

In  our  s tudy,  the inclusion of  OsO 4 in  the pr imary f ixat ive or  during 

postf ixat ion enhanced preservat ion of  the hyphal  sheath.  Osmium is  

essent ia l  to  prevent  l ipid loss ,  but  i t  a lso hydrolyzes  and extracts  

proteins  (Todd,  1986) .  Osmium increases  the visual izat ion of  l ipids  

because of  osmophil l ia  (TEM) and s tabi l izes  protein cross- l inks already 

formed (Cole,  1986) .  Postf ixat ion with OsO 4 has  even been shown to 

s tabi l ize  membranous ar t i facts  produced during convent ional  f ixat ion with 

glutaraldehyde (Hayat ,  1981) ,  When OsO 4 i s  used alone as  a Pr imary 

f ixat ive,  i t  may produce more ar t i facts  than i t  e l iminates  (Crang,  1988;  

Sleytr  and Robard,  1982) .  Hyphal  sheath s t ructures  have also been 

visual ized in  TEM with the aid of  ruthenium red (Foisner  e t  a l . ,  1985);  

however ,  the specif ic i ty  of  this  s ta in  i s  in  doubt  because i t  a lso binds to  

acidic  amino acids  and Lipide (Todd,  1986) .  In  Streptomyces sal ivar ius ,  

surface f ibr i ls  (probably carbohydrates)  could not  be seen af ter  

convent ional  a ldehyde and OsO 4 f ixat ion in  TEM. Polymeric  acidic  

polysaccharides  and the neutral  polysaccharide,  dextran,  may also be 

s ta ined by ruthenium red (Handley et  a l . ,  1988) .  

In  our  s tudy,  addi t ion of  CaCl 2 and SAP to convent ional  a ldehyde 

f ixat ives  a lso resul ted in  bet ter  preservat ion of  sheath s t ructures .  

Divalent  cat ions (CaCl 2) a t  very low concentrat ions s tabi l ize  mycoplasma 

membranes againgt  osmotic  lysis  (Razin,  1969)  and also minimize l ipid loss  

during dehydrat ion (Mayat ,  1981) ,  In  addi t ion,  cel l  swel l ing during 

dehydrat ion can be minimized by addi t ion of  divalent  cat ions to  the graded 
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ethonal /acetone se r i e s  (Cole ,  1986) .  To some degree,  these effects  are  due 

to  the increased osmolal i ty  of  the f ixat ive vehicle ,  e l iminat ing the 

membranous blebs of  hypotonic  solut ions.  Saponin is  a mild detergent  that  

solubi l izes  membranes,  but  in  concert  with aldehyde f ixat ion,  SAP also 

s tabi l izes  membrane s t ructure  af ter  membrane permeabi l i ty  is  a l tered 

(Hayat ,  1981) .  

The hyphal  sheath appears  and behaves l ike an extracel lular  

membranous s t ructure  covered by or  embedded in  glucan.  We observed a 

var ie ty  of  ar t i facts  that  are  inherent  in  biological  membranes,  such as  

cracked and disrupted lamellar  sheets  and vesicles  or  blebs.  The best  SEM 

representat ion of  the hyphal  sheath of  P.  placenta  (MAD-698) i s  shown in 

Figure 2c,  where a smooth,  uninterrupted matr ix  covers  the ent i re  S3 

surface of  the wood cel l  lumen.  The sheath may be envis ioned as  a complex 

f luid s t ructure  of  high water  content .  

Correlat ive TEM evidence in  the l i terature  supports  the hypothesis  of  

the hyphal  sheath as  an extracel lular  membranous s t ructure  (Foisner  e t  a l . ,  

1985a and b;  Highley and Murmanis ,  1985;  Palmer e t  a l . ,  1983) .  Foisner  e t  

a l .  (1985a and b)  demonstrated t r ipar t i te ,  extracel lular  membranous 

s t ructures  using TEM. Recent  s tudies  showed that  gold- labeled ant ibodies  

to  l igninase label  the extracel lular  membranes,  suggest ing that  the hyphal  

sheath plays a role  in  decay by white- rot  fungi  (Daniel  e t .  a l . ,  1989;  

Blanchet te  e t  a l . ,  1989) .  

The removal  and modif icat ion of  the hyphal  sheath reveal  an extensive 

f ibr i l lar  s t ructure  that  i s  l ikely to  represent  condensat ion and 

precipi ta t ion of  extracel lular  fungal  protein components  of  the sheath.  

Our observat ions are  s imilar  to  those of  Tsuneda e t  a l .  (1987)  for  Lent inus 

edodes (Berk.)  Sing. ;  however ,  these authors  ident i f ied the s t ructures  as  

cel lulose microf ibr i ls .  Fibr i l lar  extracel lular  sheath s t ructures  were  

also observed by TEM in wood- decay fungi  (Bracker ,  1967;  Nilsson e t  a l .  

1989) ,  plant  pathogenic  fungi  (Evans e t  a l . ,  1981) ,  and er icoid mycorrhizal  

fungi  (Bonfante- Fasolo et  a l . ,  1987) .  

Vesicular  modif icat ions of  the sheath were viewed in  a l l  three fungi  

s tudied.  Vesicles ,  blebs,  and bl is ters  represent  some of  the most  common 

ar t i facts  visual ized in  membranes f ixed in  glutaraldehyde (Hayat ,  1981) .  

I t  i s  interest ing to  note  that  vesicles  of  the two white- rot  fungi  s tudied 

were seen only af ter  QLN and that  vesicles  of  P.  placenta  were seen only 

af ter  CPD. We found l i t t le  TEM evidence to  support  vesiculat ion of  the 

sheath in  P.  chrysosporium or  P.  placenta  and view these s t ructures  as  

ar t i facts .  However ,  the numerous regular  vesicles  of  T.  vers icolor  have 

also been seen in  TEM (unpubl ished resul ts) ,  and we reserve judgement  as  t o  
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the possible  role  that  these small  vesicles  play in  enzyme del ivery and 

membrane extension in  this  species .  

This  paper  in  no way exhausts  the preparat ive methodology of  f ixat ion,  

dehydrat ion,  and preservat ion of  labi le  biological  s t ructures  for  

examinat ion by SEM. Methods designed specif ical ly  to  f ix  or  remove the 

glucan component  of  the hyphal  sheath have not  yet  been developed.  Great ly  

improved preservat ion of  fungal  ul t ras t ructure  has  been obtained by 

freeze-subst i tut ion (Hoch,  19861.  Frozen- hydrated specimens bet ter  

represent  the in  vivo condi t ion of  specimens than specimens prepared by 

convent ional  chemical  f ixat ion (Read et  a l . ,  1982;  Becket t  e t  a l . ,  1982) .  

We hope to  confirm our observat ions of  the hyphal  sheath of  wood-decay 

fungi  by these and other  methods in  the future .  

SUMMARY 


A prel iminary evaluat ion of  different  SEM preparat ive metod was 

made with specif ic  emphasis  on s t ructural  modif icat ions of  the 

extracel lular  sheath of  brown- rot  and white- rot  wood- decay fungi .  The 

var ie ty  of  complex sheath s t ructures  (sheets ,  f i laments ,  and vesicles)  
observed of ten depended on the preprat ive method.  The hyphal  sheath of  

the three basidiomycetes  s tudied Post ia  placenta ,  Trametes  vers icolor ,  

and Phanerochaete chrysosporium was similar and extensive, and it usually 

covered the entire S3 surface of the wood cell wall. Conventional aldehyde 

fixation, followed by organic solvent dehydration for CPD, apparently 

resulted in the largest morpholocial variation, unless supplemented by 

membrane-stabilizing agents. Specimens quenched in liquid nitrogen most 
consistenly showed smooth, lamellar hyphal sheath surfaces. These 

results provide additonal evidence for a "structural membrane element" of 

the hyphal sheath of wood-decay fungi, which can be sequentially removed 

and modified by SEM preparative methodology. A more precise understanding 

of the interaction of fixatives, stains, and solvents with the hyphal 

sheath components will be required to better approximate the in vivo 

morphology of the hyphal sheath. 
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