
1038 Specialia 

Places for collecting of the samples polluted by cadnlium and fungi isolated from the samples 
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Places Samples Cadmium contents Cd-resistant fungi Tolerance to cadmium 
(ppm) (ppm) 

Neighborhood of closed refinery Soil ( • 2) ~ 23,15 b Penicillium lilacinum 10,000 
Paecilomyces sp. 10,000 
Synnematium sp. 10,000 
Cephalosporium sp. 4,000 

Standing water 0,15 Penicillium lilacinum 10,000 
Penicillium waksmani 8,000 
Penicillium ]umiculosum 2,000 
Penicillium sp. 2,000 
Trichoderma sp. ( • 2) ~ 4,000 2,000 

River fronl the mine field Mud ( • 6) 6,05 Penicillium lilacinum 10,000 
Paecilomyces sp. 2,000 
Trichoderma sp. ( • 5) 8,000-1,000 
Helminthosporium sp. 4,000 
Doratomyces sp. 4,000 
Cladosporium sp. 6,000 

Water ( • 2) 0,14 Trichoderma sp. ( • 2) 4,000 

Paddy field Soil ( • 5) 2,37 Penicillium lilacinum ( • 6) 10,000 
(polluted) Trichoderma sp. 8,000 

Helminthosporium sp. 1,000 
Cephalosporium sp. 4,000 
Curvularia lunata 6,000 
Microascus sp. 1,000 
Fusarium sp. 6,000 

Paddy field Soil ( • 4) 0 , 4 2  Trichodermaligurosum ( • 2) 6,000 1,000 
(little polluted) Trichoderma sp. 4,000 

Helminthosporium sp. ( • 2) 2,000-1,000 
Microascus sp. 1,000 

~Number of samples, bThe average value. ~ of strains. 

p p m  as a min imum.  The to lerance of 40 isolates, ob ta ined  
f rom the  land by  the  use of the  med ium conta in ing  1,000 
p p m  of cadmium,  was evaluated.  

Results  and discussion. A number  of fungi isolated f rom 
the  pol lu ted  samples  by  tile use of the  PSA-rosebenga l -  
s t r e p t o m y c i n  med ium showed a decrease compared  wi th  
those  f rom the  soil outs ide the  farm. The ra t io  of the  
n u m b e r  of the  fungi  isolated f rom the  samples  using the  
med ium  conta in ing  1,000 p p m  of c admium to the  n u m b e r  
of those  isolated by  the  use of the  med ium wi thou t  cad-  
mium were raising according to the  increase of c ad mi u m 
con ten t s  in the  samples.  As shown in the  Table, Penic i l l ium 
l i lac inum accounts  for 23% of all the  fungi  isolated by  
the  use of t he  med ium conta in ing  1,000 p p m  of cadmium,  
and  seems to be a s t rong res i s tan t  fungus to cadmium.  
Judging  form these  results,  P. l i lac inum m a y  be a 
d o m i n a n t  species in land pol lu ted  by  cadmium,  and  it 
was p r e sumed  t h a t  P .  l i lacinum is an indica tor  fungus in 
t he  biological inves t iga t ion  of the  soil pollut ion.  

In  addi t ion  to t he  fungus,  2 isolates of Paecilomyces sp. 
and S y n n e m a t i u m  sp. showed resis tance to  10,000 p p m  

of cadmium.  Penic i l l ium waskman i  and  an isolate of 
Trichoderma sp. showed res is tance  to  8,000 p p m  of 
cadmium.  

Summary .  Pen ic i l l i um l i lacinum, one of the  fungi 
isolated f rom fa rm land cont inuous ly  i r r igated f rom the  
mine  fields, m a y  be a d o m i n a n t  species in t he  land pol lu ted  
by  cadmium,  so i~ was p re sumed  t h a t  P .  l i lac inum is an  
indica tor  fungus in the  biological inves t iga t ion  of the  soil 
pollution.  

I{. TATSUYAMA, H .  EGAWA, H .  SENMARU, 
1-I. YAMAMOTO, G. ISHIOKA 5 
T.  TAMATSUKURI 5 and  K. SAITO 5 

Facul ty  o~ Agriculture,  Sh imane  University,  
Matsue  690 (Japan),  and 
Sh imane-ken  Publ ic  Health Laboratory, 
Matsue  690 (Japan),  25 February 7975. 

5 Shimane-ken Public Health Lab., IVIatsue 690 (Japan). 

Serum Protein Pattern of Mice During Infection 
Ancylostoma caninum Larvae 

Ancylos toma can inum is one of the  m o s t  pa thogen ic  
canine h o o k w o r m  causing anaemia ;  t he  larvae  also 
infect  m a n  cutaneously ,  producing  clinical s y m p t o m s  of 
cu taneous  larva  migrans  or creeping e rup t ion  1-*, there-  
af ter  t h e y  m a y  migra te  to the  lungs 6, 6 and  even appear  in 
the  s p u t u m  L Signif icant  a l t e ra t ions  in the  se rum pro te in  
following di f ferent  hookworm infect ions have  been re- 

with Single and Repeated Doses of 

por ted  in m a n  s-l~ d o g n ,  12 and o the r  exper imenta l  
hos t s  13. The unde r s t and ing  of zoonosis of A.  caninum,  
and also of the  i m m u n e  responses  induced  by  the  infective 
larvae of Ancylos tomes  in the i r  no rmal  hos ts  (man and  
dog) dur ing init ial  per iods  of infect ion wi th in  t he  tissues, 
can be apprec ia ted  in such exper imen ta l  hos t s  (Swiss 
albino mice) where  t he  larvae do no t  develop fur ther  14. 
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Electrophoretic analysis of serum protein of mice infected with various doses of A. caninum larvae 
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Dose ofinfection Percentage of serum protein components 

Albumin a-l-globulin ~-2-giobulin ~-globulin y-globulin Totalglobulins A/G ratio 

Uninfected control 41.78 ~k0.90 4 .18•  0.20 14.16 4-0.61 30.91 4-0.74 7.28 4-0.49 56.67 4-0.94 0.74 4-0.034 

Infected groups 

1 250 larvae 33.49 ~ ~ 2.80 3.88 b4- 0.31 16.48 b i 1.03 40.02 ~ ~ 2.56 4.95 �9 i 0.52 65.33 ~ 4- 2.97 0.52 ~ 4- 0.058 
(p < 0.025) (p < 0.005) (p < 0.005) (p < 0.025) (p < 0.005) 

2 500 larvae 32.61 ~ i 1.79 4.97 b4-0.41 17.52 b 4- 1.98 38.79 ~-k 2.20 5.26 ~ • 0.42 66.54~ ~ 3.27 0.49 ~ ~ 0.033 
(p < 0.001) (p < 0.005) (p < 0.01) (p < 0.01) (p < 0.001) 

3 1000larvae 33.09 ~ 4- 1.74 4.25 b4- 0.43 14.03 b • 0.73 42.28 ~ ~ 1.43 5.21 ~ ~ 0.65 65.77~ -c 0.58 0.51 ~ 4- 0.036 
(p < 0.001) (p < 0.001) (p < 0.025) (p < 0.001) (p % 0.001) 

4 2000 larvae 28.08 ~ ~ 1.43 3.74 b4- 0.26 15.46 b 4- 0.99 46.95 ~ =~ 2.07 4.27 ~ ~ 0.52 70.42~ i 2.16 0.40 ~ ~ 0.029 
(p <~ 0.001) (p < 0.001) (p <~ 0.001) (p < 0.001) (p <~ 0.001) 

5 4000 larvae 21.05a 4- 1.03 2.99 b J_ 0.84 17.94 b 4- 2.90 48.55a :~ 4.20 6.41 b 4- 0.71 75.89~ 4- 0.56 0.28 ~-[- 0.023 
(p < 0.05) (p < 0.05) (p < 0.05) (p < 0.05) 

Immunized groups 

6 500 @ 500 larvae 30.17 ~ 4- 1.88 5.31 b 4-0.52 17.38 ~ 4- 1.13 38.68 a 4- 1.39 6.90b T 0.64 68.33~ 4- 1.96 0.45 ~ 4- 0.042 
(p < 0.001) (p < 0.025) (p < 0.001) (p < 0.001} (p < 0.001) 

7 500 + 500 + 34.15 �9 ~ 1.82 4.75 b~= 0.42 16.87 u 4- 1.23 39.35 ~ -~ 1.04 4.54 ~ ~ 0.50 65.51~ 4- 2.01 0.53 ~ i  0.046 
1000 larvae (p < 0.005) (p < 0.001) (p < 0.005) (p < 0.001) (p < 0.005) 

8 2 5 0 + 5 0 0 + 1 0 0 0 +  3 3 . 0 3 ~ 2 . 1 3  4.2864-0.24 16.0664-1.13 4 2 . 9 6 ~ 2 . 1 3  3.68~• 66.98~4-2.55 0.51~• 
2000 + 4000 larvae (p < 0.05) (p < 0.05) (p < 0.05) (p < 0.05) (p < 0.05) 

Average relative percentage of serum protein components during a 30 day infection period. All values except A/G ratio are expressed in 
average relative percentages with standard errors. ~ Statistically significant values, b Not significant values. 

R e c e n t l y  ~BHOPALE a n d  JOHRI ~5 r e p o r t e d  a decrease  in t he  
a l b u m i n  a n d  a n  increase  in t h e  /5-globulin in s e r u m  of 
m o u s e  in fec ted  w i t h  A .  c a n i n u m  l a rvae .  T h e  p r e s e n t  
c o m m u n i c a t i o n  p r o v i d e s  an  ob jec t ive  e f for t  to  d e t e r m i n e  
a l t e r a t i o n s  in s e r u m  p r o t e i n  of mice  in fec ted  w i t h  s ingle 
a n d  r e p e a t e d  doses  of A .  c a n i n u m  l a rvae .  

Mater ia l  and  method. I n f e c t i v e  A. c a n i n u m  l a r v a e  were  
o b t a i n e d  f r o m  faeces b y  the  m e t h o d  of SEN et  al. 16. 

T w o  e x p e r i m e n t s  were  c o n d u c t e d  w i t h  Swiss  a lb ino  
mice  of e i the r  sex  (body  w e i g h t  20-23 g) in fec ted  pe r  os. 
I n  e x p e r i m e n t  No  1, s ingle doses  (250, 500, 1000, 2000 a n d  
4000 larvae)  were  g iven  to  5 d i f f e ren t  g r o u p s  of mice,  
20 in each.  I n  e x p e r i m e n t  No.  2, r e p e a t e d  doses  (500 + 
500, 500 d- 500 + 1000 a n d  250 + 500 + 1000 +. 2000 + 
4000 larvae)  we re  g iven  a t  w e e k l y  i n t e r v a l s  to  3 d i f fe ren t  
g r o u p s  of mice,  20 in each.  A g r o u p  of 20 mice  w a s  k e p t  as  
u n i n f e c t e d  cont ro l .  T w o  mice  f r o m  each  g r o u p  were  
sacr i f iced  a n d  s e r u m  s a m p l e s  were  s e p a r a t e d  f r o m  t h e  
b lood  col lected b y  card iac  p u n c t u r e ,  f r o m  d a y  3 a t  r e gu l a r  
i n t e r v a l s  of 3 d a y s  u p t o  30th  d a y  f r o m  mice  of exper i -  
m e n t  No.  1 a n d  s imi l a r ly  f r o m  t h o s e  of e x p e r i m e n t  No.  2 
a f t e r  t h e  las t  infec t ion .  

R e s u l t s  f r o m  a 30-day  pe r iod  of each  in fec ted  g r o u p  
were  c o m p a r e d  w i t h  t h o s e  of t he  c o n t r o l  g roup ,  a n d  a m o n g  
t h e m s e l v e s  also t a k i n g  t h e  l a s t  dose  of t h e  r e p e a t e d  
in fec t ion  as  t h e  bas i s  for  c o m p a r i s o n  w i t h  the  s ingle 
dose  of in fec t ion  as fo l lows:  

Groups Experiment No. 1 Experiment No. 2 Control 
(single dose) (repeated dose) (uninfected) 

1 500larvae 500 + 500larvae 
2 1000larvae 5 0 0 + 5 0 0 + 1 0 0 0 l a r v a e  
3 4000larvae 2 5 0 + 5 0 0 +  1000+ 

2000 + 4000larvae 

nolarvac 

S e r u m  s a m p l e s  were  p roces sed  e l ec f ropho re t i c a l l y  on  
W h a t m a n n  c h r o m a t o g r a p h i c  p a p e r  No.  1 u s i n g  b a r b i t o n e  
b u f f e r  ( p H  8.6), a q u e o u s  b r o m o p h e n o l  b lue  a n d  dens i to -  
m e t e r  for  s cann ing .  T h e  v a l u e s  of g lobu l ins  were  m u l t i -  
p l ied w i t h  1.6 (cor rec t ion  factorlT).  

Resul ts  and  discussion.  I n  e x p e r i m e n t  No.  1, in fec ted  
mice  f r o m  all t h e  g r o u p s  s u r v i v e d  for  30 d a y s  e x c e p t  
t hose  w i t h  a dose  of 4000 l a r va e  w h i c h  s u r v i v e d  for  6 
d a y s  only.  T h e r e  w a s  a s ign i f i can t  increase  in t h e  fl- 
g lobu l in  w h i c h  w a s  a t  t h e  cos t  of a l b u m i n  e v e n t u a l l y  
r e s u l t i n g  in t h e  increase  of t o t a l  g lobu l in s  a n d  the  dec rease  
in t he  A / G  ra t io .  T h e r e  w a s  no  s ign i f i can t  v a r i a t i o n  in t h e  
~-1 a n d  a-2 g lobu l ins .  T h e  s ign i f i can t  decrease  in 7- 
g lobu l in  w a s  r e co r de d  in all t h e  in fec ted  g r oups ,  e x c e p t  
in t he  one  in fec ted  w i t h  4000 l a r vae  w h e r e  it  r e m a i n e d  
une f fec t ed  (Table) .  S t a t i s t i ca l  a na ly s i s  s h o w e d  a s igni-  
f i can t  n e g a t i v e  co r r e l a t ion  b e t w e e n  t h e  infec t ive  dose  a n d  

i W. E. DOVE and G. F. WHITE, J. Parasit. 13, 221 (1927). 
2 j .  L. KIRBY-SMITH, ~V. ]~. DOVE and G. F. WHITE, J .  Parasit. ld, 

121 (1927). 
a G. F. WroTE and W. E. DOVE, J. Parasit. 15, 149 (1928). 

G. F. WHITE and W. E. DovE, Arehs Derm. Syph. 20, 191 (1929). 
D. WRIGHT and E. GOLD, Archs intern. Med. 78, 303 (1946). 

s E. H. KAL~ON, Radiology. 62, 222 (1954). 
J. P. MUIILEISEN, Ann. int. Med. 38, 595 (1953). 

s K. KINU~ASA, Acta haemat. Jap. 17, 71 (1954). 
90 .  MORI, Jap. J. Parasit. 6, 185 (1957). 

10 T. ISHIZUKA, Osaka Daig. Igaku Zasshi 19, 353 (1959). 
n K. HARA, Gunma J. reed. Sei. 5, 173 (1956). 
12 I. TOMODA, Jap. J. vet. Sci. 25, 177 (1963). 
la T. SAWADA and M. KONO, Jap. J. Parasit. 10, 574 (1961). 
14 M. KoNo and T. SAW'AD& KitakaHto n,ed. J. 11, 416 (1961). 
45 M. K. BHOPALE and G. N. JOH~I, J. Hyg. Epidem. Mierobiol. 

Immun. in press. 
46 H. G. SEN, U. N. Josm and D. SETH, Trans. R. Soc. trop. Med. 

Hyg. 59, 684 (1965). 
17 H. D. CREgER and A. TISELIUS, Biochem. Z. 320, 273 (1950). 
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decrease  in a l b u m i n  level  (p < 0.01) and  a pos i t ive  cor- 
re la t ion  w i t h  the  increase  of t he  fl-globulin (p < 0.05), 
i nd ica t ing  t h a t  s e rum p ro t e in  a l t e r a t ions  t ook  place 
accord ing  to the  increas ing  dose levels. 

I n  e x p e r i m e n t  No. 2, two an ima l s  f rom the  group  
infec ted  w i t h  a chal lenge dose of 4000 la rvae  died on  t he  
24 th  day.  Compar ing  w i t h  t he  control ,  i t  was  obse rved  
t h a t  t he re  was a s ign i f ican t  decrease  in t he  a l b u m i n  and  
increase  in t he  fl-globulin r e su l t ing  in s igni f icant  increase  
in t he  t o t a l  g lobul ins  and  decrease  in t h e  A/G rat io.  
Whi le  ~-1 c o m p o n e n t  r e m a i n e d  u n c h a n g e d  in all t he  
r epea t ed ly  infec ted  groups,  ~-2 increased on ly  in the  
g roup  infec ted  w i t h  500 + 500 larvae.  The  7-globul in  
decreased  in all t he  groups  b u t  r e m a i n e d  u n c h a n g e d  in 
t h a t  infec ted  w i t h  500 + 500 la rvae  (Table).  The  decrease  
in t he  a l b u m i n  a n d  increase  in fl-globulin showed  no 
co r re la t ion  w i t h  t h e  increas ing  doses of r epea t ed  in fec t ion  
(p > 0.05) sugges t ing  t h a t  these  changes  were i n d e p e n d e n t  
of r epea t ed  exposures  of infect ion.  The  decrease  in t he  
a l b u m i n  and  increase  in  fl-globulin was less p r o n o u n c e d  
in r epea t ed ly  infec ted  groups  as compared  w i t h  those  of 
single dose in fec ted  groups.  W h e n  i m m u n i z e d  groups  
which  received 500 + 500 and  500 + 500 + 1000 l a rvae  
were c o m p a r e d  w i t h  t h e i r  n o n - i m m u n i z e d  c o u n t e r p a r t  
groups  wh ich  received 500 and  1000 larvae,  no  s ign i f ican t  
a l t e r a t i on  in a l b u m i n  a n d  fl-globulin levels (p > 0.05) 
was  seen, b u t  w h e n  t he  heav i l y  i m m u n i z e d  group  (250 + 
500 + 1000 + 2000 + 4000 larvae)  was compared  w i t h  t he  
n o n - i m m u n i z e d  group  (4000 larvae) ,  a s igni f icant  increase  
was seen in a l b u m i n  (p < 0.05) b u t  no t  in fl-globulin 
(p > 0.05). 

The  p re sen t  f ind ings  revea l  t h a t  s e rum p ro t e in  a l te ra -  
t ions  were  in accordance  w i t h  t he  increas ing  single dose 
levels, b u t  d id  n o t  d e p e n d  upon  r epea t ed  dose levels. No 
differences occur red  in s e rum p ro t e in  of mice r e p e a t e d l y  
infec ted  w i t h  500 + 500 a n d  500 + 500 + 1000 l a rvae  
w h e n  c o m p a r e d  w i t h  t h e i r  single dose c o u n t e r p a r t s .  
An ima l s  which  rece ived  a dose of 4000 la rvae  died, 
i nd i ca t i ng  t he i r  i n c o m p e t e n c e  to ex ih ib i t  a n y  m e a s u r a b l e  
i m m u n e  response.  F u r t h e r  i nves t iga t ions  are  be ing  
car r ied  o u t  on  ce r t a in  immuno log ica l  aspects  of A. 
caninum infec t ion in mice, a n d  t he  resul t s  will be ava i l ab le  
ill due  course is. 

Summary. Elec t rophore t i c  p a t t e r n  of s e rum p ro t e in  in  
mice d u r i n g  Ancylostoma caninum l a rva l  infec t ion  w i t h  
var ious  single a n d  r epea t ed  doses were obse rved  to 
ace r t a in  w h e t h e r  these  changes  t ake  place accord ing  to 
t h e i r  increase  in dose levels.  Compar i son  be tween  single 
and  r epea t ed ly  in fec ted  groups  were also m a d e  s ta t i s -  
t ically.  
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The N-Terminal  Amino Acid Sequence of the Small  Subunit  of Ribulose - l ,5 -d iphosphate  
Carboxylase from Nicot iana tabacum 

The  sequence  of t h e  f i rs t  21 N - t e r m i n a l  amino  acids of 
F r a c t i o n  I p ro t e i n  smal l  s u b u n i t  f rom tobacco  was 
de t e rmined ,  us ing  a B e c k m a n  890C a u t o m a t i c  sequencer .  

R i b u l o s e - l , 5 - d i p h o s p h a t e  ca rboxy lase  (F rac t ion  I 
p ro t e in ;  E.C. 1.1.4.39) is t he  m a j o r  soluble p ro t e in  p re sen t  
in  green leaves  of p l a n t s  wh ich  fix ca rbon  v ia  the  Calv in  
(Ca) p a t h w a y .  The  p ro t e in  ha s  a molecula r  we igh t  of 
a b o u t  525,000 and  can  be  d issocia ted  us ing  a v a r i e t y  of 
t echniques ,  inc lud ing  sod ium dodecyl  su l fa te  1, u rea  s, 
a lkal i  3 a n d  pheno l :  acet ic  acid : u rea  (2 : 1 : 1 v /v /v )  ~ in to  
2 types  of subuni t s .  The  larger  s u b u n i t  has  a molecula r  
we igh t  of 50-60,000 and  t he  smal ler  a molecu la r  w e i g h t  
of 12-25,000, t he  abso lu te  molecu la r  we igh t  depend ing  on  
t he  d issoc ia t ing  sys t em used. E x t e n s i v e  work  us ing  pep-  
t ide  m a p p i n g  t e c h n i q u e s  in t he  l a b o r a t o r y  of S. G. Wild-  
m a n  ha s  p rov ided  ev idence  for  t he  i nhe r i t ance  of t h e  2 
s u b u n i t s  be ing  d e t e r m i n e d  b y  2 s epa ra t e  genet ic  sys tems :  
t he  smal l  s u b u n i t  exh ib i t i ng  a classical  Mendel ian  segrega- 
t ion  in rec iprocal  crossing e x p e r i m e n t s  whi l s t  t he  large 
s u b u n i t  appea r s  to  be con t ro l led  b y  fac tors  i nhe r i t ed  
solely v ia  the  m a t e r n a l  side in a rec iprocal  cross 5-7. 

I n  t he  genet ic  ana lys i s  of p ro t e in  inher i t ance ,  know-  
ledge of t h e  amino  acid sequence  of t he  p ro t e in  in ques t ion  
is a lways  of g rea t  a d v a n t a g e .  W i t h  t he  e v e n t  of a u t o m a t i c  
p ro te in  sequenc ing  e q u i p m e n t ,  t h i s  s tep  of t he  work  is 
g rea t ly  s implif ied.  W e  p re sen t  here  t he  a m i n o  acid 

sequence  of the  f i rs t  21 amino  acid residues f rom t h e  
N - t e r m i n a l  region of the  smal l  s u b u n i t  of r ibulose-1,  5- 
d i p h o s p h a t e  ca rboxy lase  f rom tobacco  (Nicotiana tabacum 
var .  T u r k i s h  Samsun) .  

Experimental. R i b u l o s e - l , 5 - d i p h o s p h a t e  ca rboxy la se  
was p r e p a r e d  f rom leaves of 8-week-old glasshouse  g rown 
p l a n t s  of Nicotiana tabacum var .  T u r k i s h  S a m s u n  b y  t h e  
d i rec t  c rys t a l l i za t ion  m e t h o d  of CI~AN et  al. 8 w i t h  severa l  
modif ica t ions% t h e  m a j o r  change  be ing  t h a t  a f te r  Se- 
p h a d e x  G-25 c h r o m a t o g r a p h y ,  t he  p ro t e in  was pur i f ied  b y  
gel f i l t r a t ion  on  Sepharose  6 B pr ior  to  c rys ta l l i za t ion  - a 
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5 10 15 20 

Met Gln Val Trp Pro Pro Tyr Asn Lys Lys Lys Tyr Glu Thr Leu Ser Tyr Leu Pro Asp Leu 
Ile 

The N-terminal amino acid sequence of the small subunit of ribulose-1, 5-diphosphate carboxylase from Nicotiana tabacum. 


