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ABSTRACT: Three strains of Cunninghamella elegance (C. elegance), Pen&illium simplicissi- 
mum (P. simpL), and Aspergillus niger (,4. niger) were isolated from soil that produced the 
enzymes acting on blood groups A and B red cells. Culture filtrates from these fungi contained 
~-N-acetyl-D-galactosaminidase as an A-decomposing enzyme, which resulted in an almost com- 
plete loss of A specificity and an enhancement of blood group H activity as measured by elution 
tests using monoclonal antibodies. They also contained an c~-D-galactosidase and an c~-L-fucosi- 
dase, which partially destroyed the blood group B specific activity, but did not influence the 
blood group H specific activity. 

KEYWORDS: pathology and biology, blood, fungi, soils, blood group substance, monoelonal 
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Blood group substances  of the  ABO system are known to be present  as glycoproteins in 
secretions and  as glycolipids on red cells. Antigenic de t e rminan t  sugars of blood group sub- 
stance propert ies have been de te rmined  by using many k inds  of glycosidases [1-51. 

For many years the de terminat ion  of blood groups in mater ia ls  buried in the soil bac ter ia  
has  been very difficult. In  such cases, specific enzymes f rom soil bacter ia  might  well play 
impor tan t  roles, since they decompose the  serologically active sugars of blood groups [6-17]. 
Still, we have as yet very little i n fo rma t ion  as to what  is involved in the effect of soil fungi on 
h u m a n  blood group substances .  Thus  the  present  study describes the action of c~-N-acetyl-D- 
galactosaminidase,  c~-D-galactosidase, and  a-L-fucosidase,  isolated f rom three strains of 
soil fungi,  on the  A, B, and  H blood group substances of h u m a n  red cells. 

Materials and Methods 

Isolation of Soil Fungi 

Soil samples  were collected to a dep th  of lS cm using a core sampler .  The  soil samples 
were dried and  f i l t rated th rough  a No. 10-mesh (2-mm) sieve. 

For isolation of fungi f rom the  sample the  dilution plate [18] and alcohol-heat  t r ea tmen t  
methods [19] were bo th  applied.  

Samples  were extracted with sterile water  and  dilut ions were cul tured on mal t  extract  agar  
(MEA) medium [20, p. 38] for 14 days at  25~ 
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In addition, soil samples were washed with 70% ethanol (8 min) and heat treated (60~ 
30 min) before the aqueous extraction; dilutions of these extracts were cultured on potato 
dextrose agar (PDA) medium [21] for 14 days at 25~ 

Both MEA and PDA media contained chloramphenicol (100/~g/mL) to inhibit bacterial 
growth. 

Fungal isolates were maintained by three monthly transfers on PDA slants and stored at 

4~ 

Identification of Isolates 

Plate Culture--Four kinds of solutions were used for the identification of the plate me- 
dium as follows: an MEA medium, a PDA medium, an oatmeal-agar (OA) medium [21], 
and a potato-carrot-agar (PCA) medium [21]. Isolates were cultured on the plates at 25~ 
for 10 or 14 days. The characteristics of these isolates were then examined, and isolates were 
identified to their species level by referring to monographs and papers [20,22-26]. 

Slide Culture Method--Further microscopic characteristics of the conidia were examined 
by the slide culture method [21]. 

After incubation at 25~ the slide culture was examined for identification at an appropri- 

ate time. 
Cultivation of Isolates on Groups A, B, and O(H) Red Blood Cells (RBC)--Isolates were 

cultured on Groups A, B, and O(H) RBC following the slide culture method. A filter paper 
(qualitative 2, Toyo Roshi Co., Ltd), 20- by 20-mm size, was placed on a microscopic slide 
supported in a moist chamber,  and 500/zL of a 50% A-, B-, and H-RBC saline solution was 
pipetted on a filter paper.  

Fungi were inoculated on the RBC that had been soaked in the filter paper and then were 
incubated at 25~ for 14 days. 

The uninoculated groups A, B, and O(H) RBC were used as controls after incubation at 
25~ for 14 days. 

Determination of ABH Types from the Fungi-Treated RBC--After cultivation of isolates 
on the RBC for 14 days, the ABH blood group was determined by elution tests from the RBC 
of the culture medium. 

The filter paper of the culture medium, 10 by 20 mm in size, was soaked in a tube contain- 
ing 5 mL of sterile pure water. After standing overnight at 4~ 500/zL of the supernatant  
exudation was transferred to a piece of gauze (Type 1, J. P. XI). The gauze was dried over- 
night at room temperature sheltered from direct sunlight. Three threads, each of 5-mm 
length, from the gauze were used for the elution tests as antigen. 

The mouse monoclonal antibodies, supplied by Professor Shigenori Ikemoto of the Labo- 
ratory of Human Biology, Jichi Medical School, were immunoglobulin M (IgM) antibodies 
and used for the elution tests. The titers of anti-A, B, and H monoclonal antibodies were 
• 128, •  -- • 128, and • 128, respectively. The monoclonal antibodies had higher speci- 
ficity than those of human origin [27]. 

The elution tests were performed following Yada's  method [28]. Three threads, each of 
5-mm length, were placed in a test tube and one drop of antiserum was added. Following 
incubation at 4~ overnight, these specimens were cautiously rinsed with a cold physiologic 
saline solution five times to ensure complete removal of the unabsorbed antibody. After rins- 
ing, one drop of the saline solution was added and the deposits mixture was incubated in the 
water bath at 55~ for 10 min. After incubation, one drop of 0.5% suspension of groups A, 
B, and H cells was added to each tube, and then the tube was centrifuged at 1000 rpm for 1 
min. By holding the tube gently over a microscopic concave mirror, the presence or absence 
of agglutination was ascertained. 

Qualitative Analysis of Glycosidase frorn the Isolates--Qualitative analysis of glycosidase, 
which decomposes ABH blood group substances from isolates, was at tempted following an 
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o-nitrophenyl-/3-D-galactopyranoside (ONPG) test that was used for the detection of/3-ga- 
lactosidase from bacteria. 

For assays of enzymic activity, 25#M of p-nitrophenyl (PNP)-a-N-acetyl-D-galacto- 
saminide, 50p.M of PNP-c~-D-galactopyranoside, 50/zM of PNP-c~-L-fucopyranoside, and 
50/d~/of PNP-/3-N-acetyl-D-glucosaminide were used as the substrate. A mixture of 2.5 mL 
of substrate solution and 7.5 mL of peptone solution (pH 6.75) was used for the liquid cul- 
ture medium. Isolates were inoculated into this liquid culture and then incubated at 25~ at 
a 165-rpm shaking rate for seven days. After incubation, the culture filtrates were collected 
through a membrane filter (0.45 #m). 

Isolates were also cultured in peptone solution without substrates under the same condi- 
tions. The liquid culture medium without inoculation was incubated at 25~ at a 165-rpm 
shaking rate for seven days. After incubation, culture filtrates from peptone solution and the 
liquid culture medium filtrate were used as controls. 

The qualitative analysis of glycosidase was estimated by p-nitrophenol released in culture 
solutions. The culture filtrates were compared with those controls, and then the yellowish 
culture filtrates were estimated as positive. 

Effect of Culture Filtrates on Groups A, B, and H Red Blood Cells--Shake cultures of 
isolates in a liquid culture medium containing 20 g of glucose and 10 g of peptone per litre 
were grown at 25~ at a 165-rpm shaking rate. 

On the 5th, 14th, and 21st day, culture filtrates were collected through a membrane filter 
(0.45/zm). Then the culture filtrates (0.8 mL) were mixed with a 10% A-, B-, and H-RBC 
saline solution (0.2 mL) and incubated at 25~ for 24 h. The reaction mixture was trans- 
ferred to a piece of gauze, and the ABH blood group was determined by elution testing. 

The elution tests were performed following Yada's method described above. Drops of 
blood were blotted on gauze and allowed to dry at room temperature overnight sheltered 
from direct sunlight. Threads of these bloodstains were used for the tests as controls. 

Quantitative Analysis of Glycosidase in Culture Filtrate--Each 1.75pJV/ of substrates 
PNP-ct-N-acetyl-D-galactosaminide, PNP-c~-D-galactopyranoside, and PNP-ct-L-fuco- 
pyranoside were dissolved in 0.4 mL of 0.01M potassium phosphate buffer (pH 6.0) and 
used as substrate solutions. After 30-min incubation at 37~ the reaction was terminated by 
the addition of 0.6 mL of 0.4M sodium carbonate (Na2CO3), and the p-nitrophenol that was 
released was measured by its absorbance at 400 nm. One unit of glycosidase was found to 
release 1 nmole of p-nitrophenol in 30 rain under these conditions. 

Results and Discussion 

Twelve genera of fungi, representing two Zygomycotina, six Ascomycotina, and twenty- 
four Deuteromycotina were isolated from the sample (Table 1). 

Of these twelve genera, three species, Cunninghamella elegance (C. elegance) (Zygomy- 
cotina), Penicillium simplicissimum (P. simpl.) (Deuteromycotina), and Aspergillus niger 
(A. niger) (Deuteromycotina) were used for the experiments described in this paper. 

Initially, to understand better the effect of soil fungi on the blood cells A, B, and H anti- 
gens, the cultivation of fungi was attempted on A-, B-, and H-RBC, following the slide culti- 
vation method. After cultivation of 3 strains on RBC for 14 days, each culture medium be- 
came brownish and covered with mycelium. ABH types of RBC culture media were 
determined by an elution test using monoclona! anti-A, B, and H antibodies. Table 2 indi- 
cates that the A and B activities were almost completely lost, whereas the H activity remained 
unchanged. As controls, ABH types of C. elegance, P. simpL, and A. niger were examined 
by elution tests using monoclonal antibodies. But from each sample of three strains, A, B, 
and H antigens could not be detected in this procedure. Then, a qualitative analysis of glyco- 
sidase from fungi was done by using p-nitrophenyl (PNP)-a-N-acetyl-D-galactosaminide, 
PNP-c~-D-galactopyranoside, PNP-ct-L-fucopyranoside, and PNP-~3-N-acetyl-D-gluco- 
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TABLE 1--Fungi  identified f rom  sample soil. 

Taxa Number of Isolates 

Zygomycotina 
Cunninghamella 1 
Gongronella 1 

Ascomycotina 
Eupenicillium (Penicillium) ~ 2 
Neosatorya (Aspergillus) u 2 
Talaromyces (Penicillium) ~ 1 
Hamigera (Penicillium) ~ 1 

Deuteromycotina 
Penicillium 15 
Aspergillus 5 
Fusarium 1 
Trichoderma 1 
Paeeilomyees 1 
Verticilliu m 1 

Total Number of isolates 32 

"Anamorphic state. 
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TABLE 2--Elution tests f rom  R BC culture media. 

Monoclonal Antibodies ~ 
RBC 

Strain Types Anti-A Anti-B Anti-H 

C, elegallce 

P. simpl. 

A. niger 

Control 

A -- + 
B -- 2 +  
H -- -- 2 +  

A m _ 1 

B -- -- + 
H -- -- 2 +  

A m _ - ~  

B -- -- + 
H -- -- 2 +  

A 3 +  -- -- 
B -- 3 +  -- 
H -- -- 3 +  

"3 + = the strongest agglutination, 
2 +  = strong agglutination, 

+ = weak agglutination, and 
- -  = no agglutination. 

s a m i n i d e  as the  s u b s t r a t e .  T h e  f u n g i  were  c u l t u r e d  in t he  p e p t o n e  so lu t ion  a d d e d  to  e a c h  of 

these  s u b s t r a t e s  a t  2 5 ~  wi th  a 165- rpm s h a k i n g  ra te .  T h e  r e su l t s  revea l  t h a t  a - N - a c e t y l - D -  

g a l a c t o s a m i n i d a s e ,  c~-D-galac tos idase ,  a n d  c~-L-fucosidase were  p r o d u c e d  f r o m  e a c h  of 

these  s t r a ins ,  b u t  t he  p r o d u c t i o n  o f / 3 - N - a c e t y l - D - g l u c o s a m i n i d a s e  was  no t  a p p a r e n t  ( T a b l e  

3). 
As the  p r o d u c t i o n  of t he  A-, B-, a n d  H - d e c o m p o s i n g  e n z y m e s  in t h e s e  i so la tes  was  ob-  

served by th i s  q u a l i t a t i v e  ana lys i s ,  the  r e l a t i o n s h i p  b e t w e e n  ac t iv i ty  of e n z y m e s  a n d  th i s  de- 

c o m p o s i t i o n  c a p a c i t y  was  e x a m i n e d .  C u l t u r e  f i l t r a t e s  were  co l lec ted  f r o m  t he  s h a k e  c u l t u r e  
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TABLE 3--Qualitative analysis of fungal enzymes that decompose group specificities 
of blood group substances. 

Enzymes C. elegance P. simpl. A. niger 

c~-N-acetyl-D-galaetosaminidase +_ + + + 
/5-N-aeetyl-D-glucosaminidase __. +_ +_ 
c~-D-galaetosidase + + + + + + + + + 
cx-L-fucosidase + + + + + + + + 

media on the 5th, 14th, and 21st day. The activities of the A-, B-, and H-decomposing en- 
zymes in these filtrates were measured by quantitative analysis (Table 4). Then the effect of 
the filtrates on RBC was examined by an elution test using a monoclonal anti-A, B, and H 
antibody (Table 5). 

A-decomposing enzymes produced by three strains, C. elegance, P. simpl., and A niger, 
did indicate ~-N-acetyl-D-galactosaminidase activity (Table 4). Treatment of group A eryth- 
rocytes with each of these filtrates showed an almost complete loss of agglutinability by the 
monoclonal anti-A antibody and consistently increased their reactivity with the monoclonal 
anti-H antibody. 

This result shows close agreement with the behavior of the A-decomposing enzyme in the 
human and the pig liver [29], Trichomonas foetus [17] and Helix pomatia [30]. The A- 
decomposing enzyme, a-N-acetyI-D-galactosaminidase, released N-acetyl-D-galactosamine 
from the A substance, and the immunochemical A activity disappeared concominant with 
the development of H activity. 

Alpha-N-acetyI-D-galactosaminidase is the enzyme that decomposes the blood group A 
determinant sugar. Two ways in which the decomposing mechanism of the A substance 
functions are known. One is by direct decomposition of N-acetyl-D-galactosamine by c~-N- 
acetyl-D-galactosaminidase as seen in the human and the pig liver [29], Trichomonasfoetus 
[I 7] and Helix pomatia [30]. The other is by decomposition of N-acetyl-D-galactosamine in 
two steps: first, by N-acetylase and, second, by D-galactosaminidase from Clostridium ter- 
tium [7]. There has been little study of purified N-aeetylhexosamine deacetylase, which was 
seen to be inactive against phenyl-N-acetylglucosaminidases [31]. Thus, it may be consid- 
ered that the A-decomposing enzyme in fungi is of the former type. 

TABLE 4--Enzyme activities of culture filtrates. 

c~-N-Acetyl-D- c~-D- c~-L- 
Strain D a y s  Galactosaminidase, U Galactosidase, U Fucosidase, U 

C. elegance 

P. simpl. 

a .  n/~er 

S 8.8 2.9 12.0 
14 1.S 1.1 1.6 
21 1.5 < < 

5 26.9 6.25 10.3 
14 14.9 12.8 14.5 
21 12.0 64.1 9.1 

5 7.9 132.0 13.5 
14 2.25 33.9 1.8 
21 3.6 13.0 2.4 

"< = below the measurement range. 
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T A B L E  5--Elution tests of culture filtrates treated red blood cells. 

St r a in  

M o n o c l o n a l  A n t i b o d i e s  ~ 
RBC 

Days  Types  A n t i - A  An t i -B  A n t i - H  

C. elegance 

P. simpl. 

A. niger 

Contro l  

A - - -  2 +  
S B - -  2 +  + 

H - -  - -  2 +  
A - -  - -  2 +  

14 B --  2 +  + 
H - -  - -  2 +  
A - -  - -  2 +  

21 B - -  2 +  + 
H - -  - -  2 +  

A - -  - -  2 +  
S B - -  - -  + 

H - -  - -  2 +  
A --  - -  2 +  

14 B - -  - -  + 
H --  - -  2 +  
A --  - -  2 +  

21 B - 2 +  
H --  - -  2 +  

A - -  2 +  
5 B - -  - -  2 +  

H - -  - -  2 +  
A - -  - -  2 +  

14 B - -  + 2 +  
H --  - -  2 +  
A - -  - -  2 +  

21 B --  + 2 +  
H - -  - -  2 +  

A 3 +  - -  - -  

B - -  3 +  - -  

H - -  - -  3 +  

" 3 +  = the  s t ronges t  a g g l u t i n a t i o n ,  
2 +  = s t rong  a g g l u t i n a t i o n ,  

+ = weak  a g g l u t i n a t i o n ,  a n d  
- -  no a g g l u t i n a t i o n .  

B - d e c o m p o s i n g  e n z y m e s  p r o d u c e d  b y  C. elegance, P. simpl., a n d  A. niger w e r e  s e e n  t o  

c o n t a i n  a - D - g a l a c t o s i d a s e  a c t i v i t y  ( T a b l e  4) .  T h e  leve l  o f  c ~ - D - g a l a c t o s i d a s e  d e c r e a s e d  w i t h  

a g e  f o r  C. elegance a n d  A. niger b u t  i n c r e a s e d  f o r  P. simpl. 
P r o d u c i n g  p a t t e r n s  o f  g l y c o s i d a s e s  a r e  g e n e r a l l y  d i f f e r e n t  a m o n g  t h e  s p e c i e s  o r  s t r a i n s  

u n d e r  t h e  s a m e  c u l t i v a t i o n  c o n d i t i o n s .  

D i f f e r e n c e s  o f  c u l t i v a t i o n  c o n d i t i o n s  ( t e m p e r a t u r e ,  m e d i u m ,  a n d  so  o n )  i n f l u e n c e  t h a t  

p a t t e r n  o f  s a m e  s p e c i e s  o r  s t r a i n .  So ,  i t  w a s  s u g g e s t e d  t h a t  d i f f e r e n c e s  o f  t h e  p r o d u c i n g  

p a t t e r n s  o f  a - D - g a l a c t o s i d a s e  o c c u r r e d  a m o n g  t h e  c u l t i v a t i o n  o f  t h r e e  s t r a i n s  ( T a b l e  4 ) .  

T h e  t r e a t m e n t  o f  g r o u p  B e r y t h r o c y t e s  w i t h  a l l  o f  t h e  P. simpl, f i l t r a t e s  w a s  a l m o s t  t o t a l  

loss  o f  B a c t i v i t y  a n d  a n  i n c r e a s e  in  H a c t i v i t y .  A f t e r  t r e a t m e n t  o f  t h e  g r o u p  B e r y t h r o c y t e s  

w i t h  a l l  o f  t h e  C. elegance f i l t r a t e s ,  t h e  B a c t i v i t y  r e m a i n e d  u n c h a n g e d  a n d  t h e  H a c t i v i t y  

i n c r e a s e d .  I n  t h e  c a s e  o f  A. niger, g r o u p  B e r y t h r o c y t e s  t r e a t e d  w i t h  t h e  f i l t r a t e  c o n t a i n e d  

1 3 2 . 0  ( U )  a c t i v i t y  o f  t h e  B - d e c o m p o s i n g  e n z y m e ,  a n d  t h e r e  w a s  c o m p l e t e  l o s s  o f  B a c t i v i t y  

a n d  a n  i n c r e a s e  in  H a c t i v i t y .  B u t ,  in  t h e  o t h e r  t w o  f i l t r a t e s  [ B - d e c o m p o s i n g  a c t i v i t y  w a s  3 3 . 9  
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and 13.0 (U)] of group B erythrocytes, the B activity remained and the H activity increased. 
Thus, a B-decomposing enzyme (~-D-galactosidase) can act on a B substance to split D- 
galactose and be accompanied by the development of H activity. In the case of low B-decom- 
posing enzyme activity, it can be assumed that the ~-D-galactosidase acts on B-RBC incom- 
pletely. The same observation was made after treatment with an c~-D-galactosidase 
preparation from coffee beans [32,33] or Trichomonas foetus [16]. 

Alpha-galactosidase from Aspergillus niger causes the complete hydrolysis of methyl-c~- 
D-galactopyranoside and it also liberates 37 to 40% of the u-linked galactose residues from 
large polysaccharides such as galactomannans isolated from guar and locust beans [34]. 

Thus, it may be considered that two filtrates (ct-D-galactosidase activity was 33.9 and 13.0 
U) of A. niger could not decompose B activity completely because of substrate specificities. 

B-decomposing capacity of ct-D-galactosidase from P. simpl, at Days S (6.25 U) and 14 
(12.8 U) was stronger than that of A. niger at Days 14 (33.9 U) and 21 (13.0 U) (Tables 4 and 
S). So, between P. simpL and A. niger, there may be some differences of ct-D-galactosidase 
specificities. 

H-decomposing enzymes produced by C. elegance, P. simpL, and A. niger did contain a- 
L-fucosidase activity (Table 4). Treatment of group H erythrocytes with all of the filtrates 
remained unchanged by H activity. The specificity of the c~-L-fucosidase from the isolates 
may be such that it is incapable of splitting the ~-fucosyl linkage. 

Further work is needed to examine the biochemical characterization of A-, B-, and H- 
decomposing enzymes. 

In the present study, the author examined the glycosidases produced by soil fungi and the 
effects of these enzymes on human blood groups. Production of A-, B-, and H-decomposing 
enzymes and the effect on the RBC are compared among three strains from soil fungi; P. 
simpl, produced blood group A- and enough B-decomposing enzyme to destroy A and B 
substance with an increase in H activity. A. niger and C. elegance produced an A-decom- 
posing enzyme, which showed an almost complete loss of blood group A activity. They also 
contained an c~-D-galactosidase and an ct-L-fucosidase, which incompletely destroyed the 
blood group B specific activity, but did not influence the blood group H specific activity. 

In view of the results, the effect of soil fungi is very important in cases of determination of 
the blood group from blood soaked in soil. 

Acknowledgment 

The author would like to thank Emeritus Professor Hirofumi Suyama of Nagasaki Univer- 
sity for helpful advice during the course of this study. 

I would like to thank Professor Keisuke Tubaki of Tsukuba University, Mr. Seiichi Ueda, 
and other colleagues at the Nagasaki Prefectural Institute for Public Health and Environ- 
mental Science for their helpful advice and support in all microbiological investigations. 

Also, the author's thanks are extended to Professor Shigenori Ikemoto of the Laboratory 
of Human Biology, Jichi Medical School, for his generous supply of anti-A, B, and H mono- 
clonal antibodies. 

This work was partly supported by a Grant in Aid from the Ministry of Education, Science 
and Culture of Japan No. 62570268. 

References 

[1] Rege, V. P., Painter, T. J., Watkins, W. M., and Morgan, W. T. J., "Three New Trisaccharides 
Obtained from Human Blood-Group A, B, H and Le a Substances: Possible Sugar Sequences in the 
Carbohydrate Chains," Nature," Vol. 200, No. 4906, Nov. 1963, pp. 532-534. 

[2] Rege, V. P., Painter, T. J., Watkins, W. M., and Morgan, W. T. J., "Isolation of Serologically 
Active Fucose-Containing Oligosaccharides from Human Blood-Group H Substance," Nature, 
Vol. 203, No. 4943, July 1964, pp. 360-363. 



KUBO-CHANGESOFBLOOD GROUP BYSOILFUNGI 103 

[3] Rege, V. P., Painter, T. J., Watkins, W. M., and Morgan, W. T. J., "Isolation of a Serologically 
Active. Fucose-Containing, Trisaccharide from Human Blood-Group Le a Substance," Nature, 
Vol. 204, No. 4960, Nov. 1964, pp. 740-743. 

[4] Painter, T. J., Watkins, W. M., and Morgan, W. T. J., "Serologically Active Fucose-Containing 
Oligosaccharides Isolated from Human Blood-Group A and B Substances," Nature, Vol. 206, No. 
4984, May 1965, pp. 594-597. 

[5] Lloyd, K. O. and Kabot, E. A., "Some Products of the Degradation of Blood Group Substances by 
Alkaline Borohydride," Biochemical and Biophysical Research Communications, Vol. 16, No. 5, 
1964, pp. 385-390. 

[6] Iseki, S. and Okada, S., "On a Specific Enzyme Which Decomposes Group A Substances," Pro- 
ceedings of the Japan Academy, Vol. 27, No. 8, 1951, pp. 455-458. 

[7] Murcus, D. M., Kabot, E. A., and Schiffman, G., "Immunochemical Studies on Blood Group 
XXXI. Destruction of Group A by an Enzyme from Clostridium tertium Which Deacetylase N- 
Acetyl-Galactosamine in Intact Blood Group Substances," Biochemistry, Vol. 3, No. 3, March 
1964, pp. 437-443. 

[8] Iseki, S. and Ikeda, T., "On Bacterial Enzyme Specifically Decomposing Group B Substance," 
Proceedings of the Japan Academy, Vol. 32, No. 3, 1956, pp. 201-205. 

[9] Iseki, S. and Tsunoda, S., "B Substance-Decomposing Enzyme Produced by a Bacterium. I. Sero- 
logical Action of B-Decomposing Enzyme," Proceedings of the Japan Academy, Vol. 35, No. 8, 
1959, pp. 507-512. 

[10] Crumpton, M. J. and Morgan, W. T. J., "The Enzymic Decomposition of Blood-Group H Sub- 
stance Derived from Pig Mucin," Biochemical Journal, Vol. 54, 1953, pp. xxxii. 

[11] Buchanan, D. J., Crumpton, N. J., and Morgan, W. T. J., "Studies in lmmunochemistry 17. The 
Decomposition of Serologically Specific H Substance Isolated from Gastric Mucin and Human 
Ovarian Cyst Fluids by an Enzyme Preparation Obtained from Clostridium welchii (Type B)," 
Biochemical Journal, Vol. 65, 1957, pp. 186-196. 

[12] Iseki, S. and Tunoda, S., "On a Bacterial Enzyme Which Specifically Decomposes O Substance," 
Proceedings of the Japan Academy, Vol. 28, No. 7, 1960, pp. 370-373. 

[13] lseki, S., Furukawa, K., and Motegi, O., "A New O(H) Substance-Decomposing Enzyme Pro- 
duced by Aerobic Bacterium 1," Proceedings of the Japan Academy', Vol. 36, No. 10, 1960, pp. 
675-680. 

114] Furukawa, K., Fujisawa, K., and Iseki, S., "An Enzyme Decomposing Common Antigenic Sub- 
stance Between Blood Group Substance and Diplococcus pneumoniae Type XIV. I," Proceedings 
of the Japan Academy, Vol. 38, No. 7, 1962, pp. 371-376. 

[15] Watkins, W. M., "Enzymes of Trichomonasfoetus. The Action of Cell-Free Extracts on Blood- 
Group Substances and Low-Molecular-Weight Glycosidases," Biochemical Journal, Vol. 71, 
1959, pp. 261-274. 

[16] Watkins, W. M., "Changes in the Specificity of Blood-Group Mucopolysaccharides Induced by 
Enzymes from Trichomonasfoetus,'" Immunology, Vol. 5, 1962, pp. 245-266. 

[17] Harrap, G. I. and Watkins, W. M., "Characterization of the Enzyme from Trichomonasfoetus 
That Destroys the Serological Specificity of Blood-Group A Substance," Biochemical Journal, 
Vol. 93, 1964, pp. 9-10. 

[18] Barron, G. L., "Soil Fungi," in Method in Microbiology, C. Booth, Ed., Academic Press, London 
and New York, 1971, pp. 413-415. 

[19] Warcup, J. H. and Baker, K. F., "Occurrence of Dormant Ascospores in Soil," Nature. Vol. 197, 
1963, pp. 1317-1318. 

[20] Raper, K. B. and Fennell, D. I., The Genus Aspergillus, Williams & Wilkins, Baltimore, 1965, 
p. 38. 

[21] Stevens, R. B., Ed., Mycology Guidebook, University of Washington Press, Seattle and London, 
1974. 

[22] Raper, K. B. and Thom, C., A Manual of the Penieillia, Williams & Wilkins, Baltimore, 1949. 
[23] Pitt, J. 1., The Genus Penicillium and Its Telemorphic States, Eupenicillium and Talaromyces, 

Academic Press, London, 1979. 
[24] Samson, R. A., "Revision of the Genus Cunninghamella (Fungi, Mucorales)," Proceedings K. 

Nederlandse Akademie van Wetenschappen: Ser. C: Biological and Medical Sciences, Vol. 72, 
1969, pp. 322-335. 

[25] Hesseltine, C. W. and Ellis, J. J., "The Genus Absidia: Gongronella and Cylindrical-Spored Spe- 
cies of Absidia," Mycologia, Vol. 56, 1964, pp. 568-601. 

[26] yon Arx, J. A., The Genera of Fungi Sporulating in Pure Culture, 3rd ed., Crammer, Vaduz, 
1981. 

[27] Ikemoto, S., Miyake, B., Yoshida, H., and Tomita, K., "Application of Monoclonal Anti-A and 
Anti-B Antibodies to the Blood Grouping of Blood Stains," Japanese Journal of Legal Medicine, 
Vol. 38, No. 3, 1984, pp. 302-305. 



104 JOURNAL OF FORENSIC SCIENCES 

[28] Yada, S., "Determination of the ABO Blood Groups of Blood Stains by Means of Elution Test," 
Japanese JournalofLegal Medicine, Vol. 16, No. S and 6, Sept. and Nov. 1962, pp. 290-294. 

[29] Iseki, S. and Yamamoto, H., "A-Decomposing Enzyme Derived from Human and Pig Liver," 
Proceedings of the Japan Academy, Vol. 44, No. 4, 1968, pp. 269-274. 

[30] Tuppy, H. and Staudenbauer, W. L., "The Action on Soluble Blood Group A Substances of an t~- 
N-acetyl-galactosaminidase from Helix pomatia," Biochemistry, Vol. 5, No. 5, May 1966, pp. 
1742-1747. 

[31] Roseman, S., "Glucosamine Metabolism I. N-Acetylglucosamine Deacetylase," Journal of Bio- 
chemistry. Vol. 226, 1957, pp. 115-124. 

[32] Zarnitz, M. L. and Kabot, E. A., "Immunochemical Studies on Blood Groups. XXV. The Action 
of Coffee Bean c~-Galactosidase on Blood Group B and BPI Substances," Journal of the American 
Chemical Society, Vol. 82, Aug. 1960, pp. 3953-3957. 

[33] Zarnitz, M. L. and Kabot, E. A., "Development of H Activity by Human Blood-Group B Sub- 
stance Treated with Coffee Bean a-Galactosidase," Nature, Vol. 195, No. 4847, Sept. 1962, pp. 
1204-1206. 

[341 Bahl, O. P. and Agrawal, K. M. L ,  "~-Galactosidase, ~-Galactosidase, and ~-N-Acetylgluco- 
saminidase from Aspergillus niger," in Method in Enzymology, Vol. 28, Academic Press, London, 
1972, pp. 728-734. 

Address requests for reprints or additional information to 
Shin-ichi Kubo, M.D. 
Department of Legal Medicine 
Nagasaki University School of Medicine 
12-4 Sakamoto-machi 
Nagasaki 852, Japan 




