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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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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. 
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s tep  wh ich  e n h a n c e d  t he  c rys ta l l i za t ion  b y  f i rs t  r e m o v i n g  
aggrega ted  m a t e r i a l  and  lower molecu la r  we igh t  pro te ins ,  
and  secondly  s h o r t e n i n g  t he  t ime  of c rys ta l l iza t ion .  

The  smal l  s u b u n i t  of r ibulose-1,  5 -d iphospha te  ca rbox-  
ylase was p r epa red  b y  r educ t ion  of 3 t imes  crys ta l l ized 
n a t i v e  p ro t e in  w i t h  100 m M  f l -mercap toe thano l  in t he  
presence  of 50 m M  sod ium p h o s p h a t e  buf fe r  p H  11.2 for 
30 rain  and  s u b s e q u e n t  s epa ra t ion  of the  large and  smal l  
s u b u n i t s  b y  gel f i l t r a t ion  on a Sephadex  G-100 c o l u m n  
equ i l i b r a t ed  in 50 m M  p h o s p h a t e  buf fe r  p H  11.2. 
F r ac t i ons  con ta in ing  the  smal l  subun i t ,  wh ich  e lu ted  
w i th  a Kay va lue  of 0.38 (cor responding  to a molecu la r  
we igh t  of 25,000) were pooled and  the  buf fe r  e x c h a n g e d  to 
0.2 M a m m o n i u m  c a r b o n a t e  (pH 8.9) b y  S e p h a d e x  G-25 
c h r o m a t o g r a p h y .  The  smal l  s u b u n i t  was t h e n  lyophi l ized 
to a sal t -free wh i t e  hygroscopic  powder.  Samples  (5 mg) 
of th i s  m a t e r i a l  were e i the r  used d i rec t ly  for sequence  
de t e rmina t i on ,  or S - c a r b o x y m e t h y l a t e d  and  t h e n  se- 
quenced .  

The  N - t e r m i n a l  amino  acid sequence  of t he  smal l  
s u b u n i t  was d e t e r m i n e d  b y  a u t o m a t i c  E d m a n  d e g r a d a t i o n  
on a B e c k m a n  sequencer ,  Model  890C. The  reagents ,  
so lven t  sys tems  and  m e t h o d s  for iden t i f i ca t ion  of pheny l -  
t h i o h y d a n t o i n  a m i n o  acids were as descr ibed b y  SCAWEN 
a n d  BOULTER 9. 

Results and discussion. The  N - t e r m i n a l  amino  acid 
sequence  of t he  f i rs t  21 residues of the  smal l  s u b u n i t  of 
tobacco  ribulose-1,  5 -d iphospha te  ca rboxy lase  is p re sen ted  
in the  Figure.  The  m e t h i o n i n e  res idue a t  t he  N - t e r m i n u s  
was found  in va r i ab l e  yields. W h e n  the  N - t e r m i n a l  Met  
yield was low, Gln 2 was also released in cycle 1 a n d  in 
s u b s e q u e n t  cycles a phase - sh i f t ed  mino r  amino  acid was 
observed ,  i.e. cycle 2, Val  + G l n ;  cycle 3, T r p  + Val ;  
cycle 4, Pro  + Trp,  etc. The  va r i ab le  yield of N - t e r m i n a l  
Met  m a y  be due  to pa r t i a l  r em ova l  of t he  amino  acid 
d u r i n g  isola t ion and  pur i f i ca t ion  of the  smal l  s u b u n i t  or 
due to an  incomple te  r em ova l  in v ivo  in a s imi lar  way as 
in p rokaryo tes .  On p r e s en t  evidence,  however ,  all p l a n t  
p ro te ins  should  s t a r t  w i th  Met  10. 

The  p o l y m o r p h i s m  a t  residue 7, Tyr / I le ,  was obse rved  
in all runs,  and  the  two amino  acids occurred  in equa l  
amoun t s .  Th i s  Tyr / I l e  pai r  was also found  in cycle 6 
u n d e r  cond i t ions  where  the  yield of Met  1 was low. The  
p o l y m o r p h i s m  seen here,  in the  l igh t  of t he  wide v a r i a t i o n  
in a m i n o  acid compos i t i on  of t he  smal l  s u b u n i t  obse rved  
in Nicotiana spp. u ,  m a y  well  be due to the  fac t  t h a t  t he  
smal l  s u b u n i t  is a r ap id ly  evo lv ing  pept ide .  

The  ab i l i ty  to  d e t e r m i n e  t he  N - t e r m i n a l  sequence  of t he  
smal l  s u b u n i t  of 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  
f rom tobacco  b y  a u t o m a t i c  E d m a n  d e g r a d a t i o n  is in 
i tself  n o t e w o r t h y .  R e p e a t e d  a t t e m p t s  in  t he  l a b o r a t o r y  to  
d e t e r m i n e  the  N - t e r m i n u s  b y  classical  m a n u a l  E d m a n  
d e g r a d a t i o n  followed b y  dansy la t ion ,  h a v e  been  unsuccess-  
ful. Th i s  i nab i l i t y  to  d e t e r m i n e  the  N - t e r m i n a l  a m i n o  acid 
of t he  smal l  s u b u n i t  of r ibulose-1,  5 -d iphospha te  ca rbox-  
ylase  ha s  also been  r epo r t ed  b y  MOON and  THOMPSON 12 
in t he  case of t he  sp inach  bee t  enzyme,  and  b y  IWANIJ  
et  al. la for Chlamydomonas reinhardi where  t he  a u t h o r s  
suggested  t h a t  t he  N - t e r m i n u s  was blocked.  

Summary. The  N - t e r m i n a l  sequence  of t he  smal l  sub-  
u n i t  of F rac t ion  I p ro t e in  isola ted f rom tobacco  was 
inves t iga ted ,  us ing  an  a u t o m a t i c  p r o t e i n  sequencer .  The  
amino  acid sequence  of the  f i rs t  21 res idues  is p re sen ted  14. 
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Die Schizogonie bei Eimeria tenella (Sporozoa, Coccidia) 
Schizogony in Eimeria tenella (Sporozoa, Coccidia) 

Bei  der  k lass ischen Schizogonie der  Sporozoen is t  f iber 
den  Ablauf  der  K e r n t e i l u n g e n  und  fiber die B i l d u n g  de r  
Toch te rze l l en  noch  wenig b e k a n n t  1.6. 

I n  U n t e r s u c h u n g e n  a m  Hf ihnercocc id  Eimeria tenella 
wird die F e i n s t r u k t u r  der  zwei ten  und  d r i t t e n  Schizon-  
t e n g e n e r a t i o n  in ihrer  f o r t s c h r e i t e n d e n  l~n twick lung  
dargestel l tT;  der  Vorgang,  der  dieser M a s s e n v e r m e h r u n g  
zugrunde  liegt, wird  bei  Eimeria tenella im e l ek t ronen-  
mik roskop i schen  Bild belegt .  Die Schizogonie  b e g i n n t  h ier  
m i t  der  U m w a n d l u n g  von  Merozoi ten  in intrazellul~tre 
e inkern ige  W a c h s t u m s s t a d i e n  in der  B l i n d d a r m m u c o s a  
u n d  -submucosa .  

Zwei E n t w i c k l u n g s s c h r i t t e  folgen bei  der  Schizogonie  
au fe inande r :  die K e r n v e r m e h r u n g  und  die anschl iessende  
Toch te rze l lb i ldung  ( - -Merozo i t enb i ldung) .  Bei  jeder  

K e r n t e i l u n g  b i lde t  s ich ein exzen t r i s ch  gelegener  in t r a -  
nukle / i rer  Sp inde l appa ra t ,  Cent r io len  s ind den  Spindel-  
po len  im C y t o p l a s m a  vorge lager t .  Vor  e iner  K e r n t e i l u n g  
te i l t  sick jeweils das  z u m  K e r n  geh6r ige  Dic tyosom.  
A h n l i c h  wie bei  Eimeria necatrix 1 und  Eimeria ninakohly- 
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