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l .  la troduetlon 

Low resolution mass spectrometry is now estab- 
lished as a technique for peptide sequence analysis 
[1 ] .  in addition, the method is uniquely useful for 
sequence analysis ofpeptides with blocked N-terminal 
residues [2~-~]. We describe here the sequence anM- 
y~is o f  the pentapeptides from the N-termini o f  the 
a-chains of  Hb trout [ and Hb trout IV. 

In view of  the well established role of  the amino- 
te~nini of  the a~hains in the Bohr effect and in COs 
transport in human HbA [5] ,  f.Ns structural inforr a- 
tion on the Hb components from trout represents a 
step foreward in understanding their structure-- 
function relationship [6].  

2. Materia|s and methods 

P e p t i d e s  o r i g i n a t i n g  f r o m  t h e  N - t e r m i n i  o f  t h e  

a-cha;~ns were iso!ated from tryptic digests o f  Hb 
trout I (carboxymethylated globin) and Hb trout IV 
(carboxymethylated a~hain)  prepared according to 
conventional procedures [7] .  Peptide purification by 
gel • trat ion,  ion~xchange chromatography and 
paper techniques, peptide characterization by thin- 
layer analytical chromatography, amino acid analysis 
and carboxypeptidase digestion were performed 
according to procedures described [8] .  

Pepfides (0.7--1.0~ pmol) were acetylated [9] and 
permethylated for mass spectrometry [ 1 ] .  Acetyia- 
tion was carried out using [2H6] acetic anhydride 
(99 atom%, BOC Ltd, London SWt9 3UF,). Per- 
methylation with methyl sulphinyl carbanion [10] 
and rnethyl iodide was Mlowed to proceed for only 2 
r a i n  as  i n  t h e  r a p i d  p r o c e d u r e  l1 1] . 

Mass spectra were recorded at 70 eV using an AEI 
MS12 mass spectrometer over a range o f  source 
temperatures from 190--240°C. 

3. Results 

3.1 .N- terminus  o f  the a-chain f rom Hb trout  I V  
From a tryptic digest of  this chain a peptide with 

the following composition: Lys (0.8), Ser (!  .7), A!a 
(1.0) and Leu (0.9) was isolated in 46% yield after 
gel filtration and ion-exchange chromatography. The 
N- te rmi~aa l  r e s i d u e  w a s  b l o c k e d ,  w h i l e  r e s u l t s  of" 

digestion with carboxypeptidase C and consideration 
o f  the specificity o f  ~rypsin suggested lysine as being 
the C-terminal residue o f  the peptide and alanme the 
penultimate residue. Furthermore, from a ¢hymo- 
tryptic digest o f  the 0~-ch~n, a peptide ~ t h  the 
sequence Ser--Ala--Lys--Asp--Lys--Ala--Asn Val-- 
Lys--Ala--He--Trp, corresponding to the residues 
from 3-- t4 .  was isolated and from a thermolytic 
redigesfion o f  the N-terminal CNBr-fragrnent a peptide 
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corresponding to residues f rom 2--9 having teucine as 
the  N-terminal  residue was also isolated.  The sum o f  
these results gave indirect  evidence for the fol lowing 
sequence for  the N-terminal  t rypt ic  pept ide:  X-Ser- 
Leu4;er-Ala-Lys,  where X represents  a b locking 
group.  

In order  to  conf i rm this sequence and d e t e m  Jne 
the nature  o f  the blocking group a sarnple o f  tb .~ 
chemical ly  modi f ied  pept ide  was analysed by  lilass 
spec t rome t ry .  The presence o f  the C-terminal lysine 
restdue made  it  necessary to acetyla te  the  pept ide  
before  pe rmethy la t ion .  The mass spec t rum o f  the 
pept ide  observed a t  source t empera tu res  be tween  
200°C and 240°C is shown in rigA. The poin t  o f  
immedia te  interest  is the  occurrence  o f  an abundan t  
ion at m / e  158. This corresponds  to  the derivative o f  
serine ha which  the amino  group carries an  isotopical ly 
nornaal ace ty l  subst i tuent .  Since ace ty la t ion  was 
carried ou t  wi th  {2H6]acetic anhydr ide ,  the acetyl  
group on  serine mus t  have been  present  in the native 
pept ide .  This establishes the nature  o f  the  natura l  
b locking group on  the  c~-chain o f  ~ t rou t  IV.  

The comple te  amLrto acid sequence o f  the pept ide  
could be deduced f r o m  the results in fig.1 using the 
data on  ion masses and f ragmenta t ion  pa t te rns  given 
[ I ] .  12qe parent  ion was at  m[e  717;  the mass o f  the 
C- te rmin~  residue (232)  cor responded to  tha t  o f  the 
[=Ha]acetyl  derivative o f  tysine as expec ted .  All 
sequence ions had  associated ions (role values o f  126, 
2 5 3 , 3 6 8 , 4 5 3 )  due to loss o f  CH3OH f rom serine. A 

complex  pa t t e rn  o f  signals was observed at the  high 
mass end  o f  the spec t rum due to loss o f  CH3OH,  
- -OCHs and CD2CO m various combina t ions  fro,.n 
the parent  ion.  

3.2. iV-terminus o f  the  ca-chain f r o m  H b  t rou t  [ 
F r o m  a t rypt ic  digest o f  carbo×yrne thyla ted  globin 

prepared  f rom ITo t rou t  I a b locked  N-terminal  pept ide  
wi th  the following amino acid compos i t ion :  Lys (0.9) ,  
Thr  (1 . ! ) ,  Ser (1.0).  Ala ( I  .0) and Leu (0.9)  was 
isolated in 30% yield af ter  gel f i l t rat ion,  ion-exchange 
ch roma tog raphy  and pc per ch roma tog raphy .  An 
al iquot  o f  this pep  tide was digested v,Sth chymot ryps in  
and af ter  high-volt ~,~ge paper  electrophoresis  at  p H  6.5 
two f ragments  weze isolated;  one ,  wi th  the N-terminal  
residue blocl<ed, was composed  o f  s,.~dne and  leucine, 
the o ther  had the sequence Thr- -Ala- -Lys .  

F r o m  considerat ions o f  h o m o l o g y  with  s -cha in  
sequences o f  Hb c o m p o n e n t s  o f  o ther  fish (including 
Hb t rou t  IV)  and ~ s o  because f r o m  the same t rypf ie  
digest a pept ide  vAth the  sequence Va l - -Glu- -Trp- -  
Thr--Asp--Ala-431u--Lys,  clear!y originating f r o m  the 
N-terminus o f  t h e / ~ h a h a  was isolated in high yield,  
the blocked t lypf ic  pept ide  was assigned to the  N- 
terminal  region o f  the 0~-chain f r o m  ~ t rou t  I and 
the following structure was p roposed :  X- -Se r - -Leu- -  
Thr  Ala--Lys.  A sample  o f  the  chemical ly  modi f ied  
pept ide  was aitalysed b y  mass spec t romet ry .  

The mass spec t rum obserzed at source  tempera=ures 
be tween  200°C and 230°C is shown in fig.2. The pro-  
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Fig.1. Mass spectrum of the ti-yptic N-terminaI pepfide from 
the ,*-chain of  Hb trout IV. 
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Eig.2. Mass spectrum of the blocked trypfic peptide from Hb 
trout I.  
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a-chain 

HbA 
Carp 
Catostomue 
Trout [ 
Trout iV 

Val--Leu--~qer--Pro--Ala 
Ac-Ser--Leu-Ser --Asp--Lys 
Ae-Ser -Lel~-Ser --Asp--Lys 
Ae-Ser-Leu-Thr-~da -Lys  
Ac-Ser--Leu-Ser--Ala--Lys 

g-chain 
HbA 
Trout l 
Trout [V 

V a l - H i s - L e u - T h r - P r o - G t u - G l u - L y s  
V a l - G l u - T r p - r h r - A s p - A l a - G l u - L y s  
Val--Asp-Trp--Thr--Asp--Ala-Glu-Arg 

Fig.3_ Comparison of the N-termhaal amino acid sequences of HbA (human) [ 12] and fish hemoglobins [ 13, ! 4].  The N-terminus 
of the carp ~-chains is acetylated (At-) and the Catostomus protein is also blocked. SLace acetic acid was released t-~om the latter 
protein upon hydrolysis, Powers and Edmundson assumed that the protein is blocked with an acetv! ~roup [ 14]. 

minen t  ion  at  m/e 158, cor responding  to  the  serine 
derivative wi th  an i so topica l ly  no rma l  ace ty l  group,  
estabEshes that  in this case ~_!~o the na tura l  b locking  

group is ace ty l .  Sequence ions at  m/e 285,  ~ - 4 and 
499,  together  wi th  the  i-3ns correspondi-;  3 to  the  :3ss 
o f  32 mass units  (CH3OH) in each c a ~ ,  con~r'~.~cd 
the amino  acid sequence to  the penu l t ima te  residue.  
i t  is o f  interest  tha t  an ion was observed a t  m]e 355 
corresponding to  the  loss o f  the  ent i re  side chain (59 
mass units)  o f  the threor6ne residue;  loss o f  side chain 
minus  H (58 mass units)  is usual ly to  be expec t ed  [ 1 ] 
The spec t rum was no t  clear at the  high mass end;  

ions were observed in the region expected for the 
paren t  ion  (m/e 731) ,  bu t  could  no t  assigned wi th  
cer ta in ty .  A clear signal was observed at  m/e 656 
which p r o b a b l y  arose f rom loss o f  - - e c H o  and 
CD2CO f rom the  parent  ion;  a similar ion was observed 
in the  spec t rum o f  the  t ryp t i c  pepf ide  f rom the Hb 
t rou t  IV a-chain .  

4, Discussion 

Considera t ions  o f  the func t iona l  sigr~ficance o f  
b lockage o f  the  a-amh-lo groups  o f  the  a-chaL'~s can be  
based on the observat ion  tha t  in all fish hemoglobins  
ana lyzed  to  date  tP~e N-terminus o f  these chains is 

Ac-serine (fig.3).  These include,  besides the  two com- 
ponents  o f  t rou t  b lood ,  the  fol lowing:  Carp HI9 [13 ] ,  
Catostomus Hb [14] (bo th  componen t s ) ,  Cichlasoma 
cyanoguttamm Hb [15] (in this  case on ly  e~Sdence 
for  a b locked  N-terminal  residue is available).  

It is k n o w n  that  in mammal ian  hemoglobins  the  
N- terminal  amino group o f  the  two  a-chains is in- 
volved d i rec t ly  in the  he te ro t rop ic  regulat ion o f  O~ 

t ranspor t  [5 ] .  Thus it has been shown tha t  this group 
is: 
(i) One o f  the  residues which  con t r ibu te  the alkal ine 

02 Bohr  effect ,  

(fi) One o f  the residues which binds and t ranspor ts  
CO2 in the form o f  ca rbamate  [ 16 ,17] .  

F r o m  the 2.5 fl~ e lec t ron  dens i ty  map  o f  h u m a n  d e o x y  
Hb (Arnone  et  al. (1975)  quo ted  [5] ) there  is evidence 
for  the par t ic ipa t ion  o f  the ~-amino groups o f  the  

a-chaMs in a cluster  o f  charges con t r ibu t ed  b y  residues 
o f  the same or  ",:he o ther  a-chain ,  i .e.,  V a l l a !  in terac ts  
wi th:  Arg 141a2, Lys 127a!  and Asp 6oq. 

In add i t ion ,  recenz crysta!legrapbAc data  o~ human  
[-go (Arnone ,  A.,  personal  communica t i on )  have 
shown tha t  the  N-ter~T~inal amino group  is also par t  
o f  the sm',dl anion bh~,!ing sites on  the ~-chains. In 
par t icular  the new data  have ind ica ted  tha t  CO2 may  
be bridging be tween  the Va! ! a l  amino group arid the 
guanidinium group o f  Arg 14 l a2 .  

Al though we have shown tha t  Arg 141a2, Lys 
1 2 7 ~  and Asp 6a~ are main ta ined  in b o t h  compo-  
nents  o f  t rou t  Hb ([7~18] unpubl ished da ta)  acetyla-  
t ion  o f  the ~-amino group will abol ish these inter-  
act ions ,  as weU any  direct  con t r ibu t ion  to  the  l inkage 

be tween  pro tons  and C02 on  one side and oxygen on 
the o ther .  

]in ,_r~. ~,~ t rou t  [ tiffs chem:~cal modi f ica t ion ,  toge ther  
wi th  the subs t i tu t ion  o f  Hi,. 146 (/3) tor  Phe r z ~l  

L . . . .  ~ 

accounts  a lmost  comple te ly  for  the  absence o f  a Bohr 

143 



Volume 85, number I FEBS LETTERS Jmauary 1978 

effect  [ 1 9 ] .  [n Hb t r o u t  i V  a c e t y l a t i o n  o f  t he  N- 
t e r m i n a l  ser ine o f  the  ~-cha ins  is n o t  i n c o m p a t i b l e  
w i th  the  very  ex t r eme  p H  effects  obse rved  s ince 
ev idence  a l ready  avai lable has s t rong ly  suggested t ha t  
the  mo lecu l a r  basis o f  the  R o o t  e f fec t  m a y  lie o n  t he  

nature o f  the subunit interactions at the interfaces 
(Brunori et al., in preparation). 

O n  the  basis o f  this  n e w  s t ruc tu r a l  i n f o r m a t i o n ,  i t  
m a y  be  o f  great  in te res t  t o  exp lore  m o r e  q u a n t i t a t i v e l y  
t h a n  prev ious ly  a t t e m p t e d  the  effect  o f  CO2 o n  O2 

tra~.sport b y  f ish Hbs,  to  e luc ida te  more  fu l ly  the  
possible s igni f icance  o f  the  presence  in  fish o f  acetyl -  
serine as the t e r m i n u s  o f  the  a -cha ins .  
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