
A C T A  U N I V E R S I T A T I S  L O D Z I E N S I S  
FOLIA BIOCHIMICA ET BIOPHYSICA 2 ,  1983

M aria  Adamaka, Roman Gondko

AMINO ACID COMPOSITION OF HEMOCYANIN OF THE CRAYFISH 
ORCONECTES LTMOSUS

Amino a c id  com p osition  o f  hemocyanin o f  O rconectes lim o- 
su s was s tu d ie d .  A h igh  con ten t o f  g lu ta m a te  and a sp a r ta t e  
was found . No d i f f e r e n c e s  were re v e a le d  in  th e  amino a c id  
com p osition  o f  hem ocyanins o f  th e  th re e  c r a y f i s h  s p e c ie s  
o c cu r in g  in  Poland v i z .  A stacu s a s t a c u s , A sta cus le p to d a c -  
t y lu s  and O rcon ectes l im o su s .

In trod u c tio n

In th e  group o f  r e s p ir a to r y  p r o t e in s ,  c a p a b le  o f  r e v e r s ib le  
oxygen b in d in g  and t ra n sp o r t in g  oxygen in  a e r o b ic  o rg a n ism s, a 
s p e c ia l  r o le  b e lon g s to  th e  cop per p ro te in  hem ocyanin.

Hemocyanin, a  g ia n t  p ro te in  m olecule o f  hemolymph o f  a r th r o -
pods and m o llu sc s  may c o n s t i tu te  up to  90% o f  hemolymph p r o te in s  
and o c c u rs  in  d i f f e r e n t  a g g r e g a tio n  s t a t e s .  The p ro te in  d i s s o -
c i a t e s  in  a lk a l in e  m edia. D iva len t c a t io n s  a f f e c t  s p e c i f ic a l l y  
i t s  s t r u c tu r e  and fu n c tio n  [1 ,  4 ] ,

Hem ocyanins a r e  p r e se n t  in  two an im al ty p e s  in h a b it in g  both 
t e r r e s t r i a l  environm ent ( e .g .  arth ro p od  P o rc e l io  l e v i s ) and a s  
f re s h  ( e .g .  arth rop od  A stacu s a s ta c u s  ) a s  m arine w a te r s . In s p i te  
o f  d i f fe r e n c e s  in  l iv i n g  c o n d itio n s ,  hem ocyanins fu n c tio n  in  
th e  same way in  a l l  th e se  a n im a ls . As f a r  a s  th e  oxygen concen-
t r a t i o n  i s  concerned th e  w ater medium i s  l e s s  ad van tageous than 
t e r r e s t r i a l .  One l i t e r  o f  d i s t i l l e d  w ater c o n ta in s  10 ml o f  oxy-
gen a t  a tem p eratu re  o f  0°C and t h i s  v a lu e  d e c r e a se s  w ith  in -



c r e a s in g  tem p eratu re  and s a l i n i t y .  At a tem p eratu re  o f  2 0 °C , one 
l i t e r  o f  m arine w ater c o n ta in s  on ly 5 ml o f  oxygen .

I t  i s  assum ed g e n e r a l ly  th a t  th e fu n c t io n a l  and s t r u c t u r a l  
v a r i a b i l i t y  o f  hem ocyanins r e s u l t s  from a d a p ta t io n  o f  one mole-
c u le  to  d i f f e r e n t  e c o lo g ic a l  f a c t o r s  d eterm ining  l i v i n g  cond i-
t i o n s  o f  in d iv id u a l  anim al s p e c ie s .

P o lis h  fr e sh  w aters  a re  in h a b ited  by th re e  c r a y f i sh  s p e c ie s .  
Two o f  them a re  n a t iv e :  a ) A sta cu s a s ta c u s  (L .)  and b) A stac u s le -  
p to d a c ty lu s  ( E s c h .) .  The th ir d  one, O rconectes lim o su s ( R a f . )  
( Cambarus a f f i n i s  S a y ) was brought in  th e  b eg in ning  o f  t h i s  cen-
tu ry  from North America (P e n n sy lv a n ia ) . T h is  s p e c ie s  was in t r o -
duced in  Europe a f t e r  th e  c r a y f i sh  "p la g u e "  epidem ic  th a t  e x te r -
m inated th e  two n a tiv e  s p e c i e s .

About 100 in d iv id u a ls  o f  0 rc on ec te3  lim o su s  were in tro d u c ed  
to  Poland by Max von dem Borne from th e  Delaware r i v e r  (P en nsyl-
v a n ia )  and s e t t l e d  a  sm all pond in  Baranowek connected  w ith  the  
M yila r i v e r ,  a  r ig h t  a f f l u e n t  o f  Odra. A n e x t,  h ig h e r  am ounts o f  
th e se  an im als was brought in  1911 and s e t t l e d  in  th e  b a s in  o f 
Wda and Brda r iv e r s .  T h is  s p e c ie s  a s  r e s i s t a n t  to  th e  p lag u e  
were to  s u b s t i tu te  f o r  th e  n a t iv e  s p e c ie s  [ 6 ] ,  Due to  i t s  o r i -  
f i n .  O rconectes lim osu s  in  c a l le d  commonly " American c r a y f i s h 11.

With r e sp e c t  to  th e  n a t iv e  s p e c ie s ,  Am erican c r a y f i s h  i s  
c h a r a c te r iz e d  by a  sm a l le r  s iz e  and a  much h ig h er  m o b i li ty . Now 
i t  h as  sp rea d  out in to  th e  whole t e r r i t o r y  o f  Poland and d is lo -
d ges the o th e r ,  more good tem pered s p e c ie s .

One can su sp e c t th a t  w h ile  th e  European sp e c ie s  o r ig in  from 
a common a n c e s to r ,  i t  seem s l e s s  p ro b ab le  f o r  O rconecte s lim o- 
s u s .  I t  h as been hyDOthesized th a t  th e  fre sh -w a te r  c r a y f i s h  
sp e c ie s  can be d eriv ed  from a m arine fo r e f a t h e r .

The aim o f  t h i s  p a p er  was to  compare th e  amino a c id  com posi-
t io n  o f  hemocyanin o f  th e  two European s p e c ie s  and o f  O rconectes 
lim o su s  a  s p e c ie s  so d i s ta n t  from th e  s ta n d p o in t o f  th e  o r ig i n a l  
g eo g ra p h ic a l  d i s t r ib u t i o n .  E lu c id a t io n  f i r s t  o f  th e  amino a c id  
com position  and then  o f  th e  amino a c id  sequence i s  in d isp e n sa -
b le  f o r  th e  u n d erstan d in g  o f  fu n c t io n a l  p r o p e r t ie s  o f  any p ro -

t e i n .



M a te r ia l  and methods

Hemolymph taken  from m ales was k ep t f o r  12 h a t  4°C f o r  c lo -
t t i n g .  The c l o t  was d i sc a rd e d  and th e  serum was f i l t e r e d  through 
a 0 .6 4  jam m il l ip o r e  f i l t e r  and u l t r a c e n tr i f u g e d  a t  100 000 x g 
f o r  8 h in  a  Beckman c e n tr i f u g e .  Hemocyanin form ed a  b lu e  s e d i-
ment which was then  washed tw ice  and d is s o lv e d  in  a sm a ll amount 
o f  w ater. A fte r  24 h d i a l y s i s  a g a in s t  d i s t i l l e d  w a ter, th e  p ro-
te in  was c h a ra c te r iz e d  on the  b a s i s  o f  a b so rp t io n  s p e c t r a  and 
copp er c o n te n t .

Hemocyanin was p r e c ip i t a t e d  from th e  so lu tio n  w ith  5 vo lu -
mes o f  c o ld  a ce to n e . P ro te in  a l iq u o t s  were su b je c te d  to  a c id  
h y d r o ly s is  w ith  3 N p - to lu e n e su l fo n ic  a c id  and 2% 3-/2 -am in o- 
e th y l /in d o le  [ 7 ] .  H y d ro ly sis was run a t  110°C  f o r  2 2, 48 and 72 h, 
r e s p e c t i v e ly .  Amino a c id s  in  th e  h y d ro ly sa te  were de term ined  a c -
co rd in g  to  S t e i n  and M o o r e  [1 0  ] w ith  a  J e o l  6AH 
au tom atic  a n a ly z e r .

R e s u lt s  and d is c u s s io n

Amino a c id  com position  o f  hemocyanin o f  O rconectes lim o su s  i s  
shown in  T ab . 1 .

T a b l e  1

Amino a c id  com position  He -  O rcon ectes lim o su s 
Sk ła d  aminokwasowy He -  O rcon ectes lim o su s  

AMHHOKKCJiOTHuft cocTaB reMOijHaHHHa paxa -  O rconectes lim osus

Amino 22 h 48 h 72 h %
Amino
a c id

a c id jiM/mg jiM/mg pM/mg X w eight re s id u e
80 000 MW

1 2 3 4 5 6 7

Trp 0 .0 67 5
± 0 .0 0 96

0 .0 6 7 5 1 .0 6 5 .4 0

Lys 0 .3 95 2 
—0.0 291

0 .4 1 3 4  
± 0 .0 0 7 6

0 .3 62 6
±0.0381

0 .3 9 0 4 6 .1 4 3 1.2 3



T ab le  1 (c o n td .)

1 2 3 4 5 6 7

H is 0 .4 1 8 4
± 0.0 32 2

0.4131
± 0 .0 0 7 6

0 .39 16
± 0 .0 4 27

0 .4 0 77 6.41 3 2.6 2

Arg 0 .2 8 00  
± 0 .0 1 5 7

0.3041
±0 .00 50

0.3081
± 0 .0 3 28

0 .2 9 7 4 4 .6 7 2 3 .7 9

Asp 0 .8 7 97
± 0.1 03 2

0 .9 4 5 9
± 0 .0 2 1 3

0 .8 59 7
± 0 .0 9 1 8

0.8951 1 4 .0 7 71.61

Thr 0 .3 13 2
± 0.0 1 12

0.30 42
± 0 .0 2 7 8

0 .26 87
± 0 .1 1 97

0 .3 4 0 0 5 .3 4 2 7 .2 0

S e r 0 .3 5 69
± 0 .0 3 97

0 .34 52
± 0 .0 1 8 5

0.2721
± 0 .0 1 25

0 .3 8 00 5 .9 7 3 0 .4 0

Glu 0 .62 63
± 0 .0 5 3 0

0 .6 4 0 4
±0.008 1

0.6121
±0.0621

0 .6 2 6 3 9 .8 5 5 0 .1 0

Pro 0 .31 26
± 0 .0 2 2 7

0 .3 1 66
±0 .00 30

0 .3 03 9  
± 0 .0 3 0 9

0 .3 1 1 0 4 .8 9 2 4 .8 8

Gly .0 .4 3 3 2
-0 .0 3 1 7

0 .43 12
± 0 .0 1 8 4

0 .4 11 0
± 0 .0 5 26

0.4251 6 .6 8 34.01

A la 0 .3 97 6
± 0.0 34 2

0.4231
± 0 .0 0 4 9

0.4161
± 0 .0 4 50

0 .4 12 3 6 .4 8 3 2 .9 8

Cys 0.01 32
± 0 .0 0 23

0 .0 1 3 0
± 0.0 0 22

0 .0 01 0
± 0.0 00 5

0.00 91 0 .1 4 0 .7 3

Val 0.32 23
± 0 .0 2 1 4

0 .37 65
± 0.0 0 92

0 .4 07 5 
± 0 .0 4 0 9

0 .3 6 8 8 5 .8 0 2 9 .5 0

Met 0 .03 15  
±0 .00 16

0 .0 2 8 3
± 0 .0 0 2 4

0 .00 17
± 0 .0 0 0 8

0 .0 20 5 0 .3 2 1 .6 4

l i e 0 .2 1 4 0
± 0 .0 2 05

0 .2 7 10
± 0 .0 0 2 7

0 .3 0 2 0
±0.02 91

0 .2 62 3 4 .1 2 2 0 .9 8

Leu 0 .4 8 79
± 0 .0 4 0 9

0 .5 2 56
± 0 .0 0 1 7

0 .5 5 5 9
± 0.0 54 8

0.5231 8 .2 2 4 1 .8 5

Tyr 0 .2 28 2 
± 0 .0 0 9 8

0 .2 58 5
± 0 .0 1 6 7

0 .2 4 5 4
± 0 .0 2 5 0

0 .2 4 4 0 3 .8 4 1 9 .52

Fhe 0 .3 48 3
± 0 .0 2 56

0 .3 98 3
± 0 .0 1 5 9

.0 .3 9 3 6
± 0 .0 4 0 6

0.3801 5 .9 8 30.41

The d a ta  re p re sen t mean v a lu e s  from 3 d e te rm in a tio n s e x p res-
sed a s  p m oles o f  amino a c id  p e r  mg p r o te in ,  a s  w e ll a s  th e  p e r  
cen t abundance. The co n ten t o f  s e r in e  and th reon in e  was c a l c u la -
te d  by e x t r a p o la t io n  to  z ero  tim e . Tryptophan d oes n o t s u f f e r  
d e s t ru c t io n  under th e  above h y d r o ly s is  c o n d itio n s  [ 7 ] .

Com parison o f  amino a c id  com position  o f  hem ocyanins o f  the
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th re e  c r a y f i s h  sr>ec i e s  i s  g iven  in  Tab. 2 . The d a ta  a re  mean 
v a lu e s  f o r  3 h y d ro ly s i s  t im e s .

R e su l ts  o f  Tab. 2 a r e  d em onstrated g r a p h ic a l ly  in  F ig .  1 .
No s i g n i f i c a n t  d i f f e r e n c e s  in  amino a c id  com p osition  were 

found between hem ocyanins o f  th e  th re e  s p e c ie s  s tu d ie d .  A cid ic  
amino a c i d s  v i z .  g lu ta m a te  and a s p a r a ta t e  were d om inating in  a l l  
c a s e s  (a b ou t 25%). The n ext m ost abundant amino a c id s  were: g ly -
c in e ,  a la n in e ,  le u c in e  and p h e n y la la n in e . S u l fu r  amino a c id s  
were p r e se n t  in  s m a l le s t  am ounts. The amino a c id  com p osition  o f  
c r a y f i s h  hem ocyanins does n o t d i f f e r  th e re fo re .fro m  th a t  sep o s te d  
h ith e r to  f o r  o th er  an im al s p e c ie s  [2 ,  3 , 8 ,  1 1 ].

T ab le  2 shows, to o ,  th e  number o f  amino a c id  r e s id u e s  p er  
s m a l le s t  fu n c tio n a l  su b u n it o f  hemocyanin (5  S )  o f  e st im a te d  mo-
l e c u la r  w eigh t 80 000 D. T h is su b u n it i s  form ed by 509 amino 
a c id  r e s id u e s .

The s i m i l a r i t y  o f  amino a c id  com p osition  o f  th e  th re e  hemo-
cya n in s  dem on strated  in  t h i s  stud y  su g g e s t s  th a t  hem ocyanins o f  
th e  s p e c ie s  s tu d ie d  o r ig in a te  from a  common p r o te in  a n c e s to r .
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M aria Adamska, Roman Gondko

SKŁAD AMIN0KWAS0WY He RAKA PREGOWANEGO (AMERYKAŃSKIEGO) 
(ORCONECTES LIMOSUS)

Oznaczono sk ła d  aminokwasowy hem ocyjan iny rak a  pręgow anego. 
W w ym ienionej Hc stw ierd zono  znaczną  z aw a rto ść  kwasu g lu tam in o-
wego i  a sparag in ow ego  (25% ).

N ie stw ierd zono  ró ż n ic  w s k ł a d z ie  aminokwasowym h em ocyjan i- 
ny trz e c h  gatunków raków ż y jący ch  w P o ls c e :  A stac u s a s t a c u s , A- 
s ta c u s  le p to d a c ty lu s  i  O rconectes l im o s u s .

Mapa Aj;aMCKa, PoMaH T0HąK0 

COCTAB AMHHOKHCJIOTHUK rEMOIJHAHHHA PAKA ORCONECTES LIMOSUS

HccJie^oBSuica aMHHOKHCjioTHuii cocTaB reMoi;HaHHHa p an a O rconec-
t e s  l im o su s . Hamjm BUcoKoe coaepacaHiie r-a y ra M a ia  u a c n a p T a ia .  
He oÓHapyKHJiH pasJiHuaS b aMHHOKHCJiOTHOM cociaB e  r e M 0u n a H H H 0B T p e x  
b h u o b  paKOB »HBymax b riojitmes A stacu s a s t a c u s , A sta cu s le p to d a c -
ty lu s  a O rco necte s lim o su s .


