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THE PROPERTIES OF HEMERYTHRIN 

ENZO B O E R I *  A~D ANNA G H I R E T T I - M A G A L D I  

Stazione Zoologica, Reparto di Fisiologia, Napoli IItaly) 

INTRODUCTION 

Hemerythrin is the name given by KRUI(ENBERG 1 to a pigment of the cells of the 
coelomic fluid of sipunculids and certain other animals. It was originally discovered 
by DELLE CHIAIE ~ who, working with S@unculus nudus, also found a connection 
between colour change and oxygenation. However DELLE CHIAIE thought that the 
dark-coloured pigment was typical of the "venous" and the clear pigment of the "arte- 
rialized" blood, while just the reverse is true. SCHWALBE a working on Phascolosoma 
elongatum found that the pigment is contained in cells and becomes "burgundy-red" 
when exposed to the air, whereas R:w-LANKESTER 4 first succeeded in extracting the 
pignlent by hemolysis. This pigment was found by ANDREWS * to be a globulin 
containing iron, but the iron is not bound in a hematin group (GRI~EITHS*.) MAI~RIAN 
gave 7 the first oxygen dissociation curve of the pigment. Hemerythrin from Phas- 
colosoma elongatum was crystallized by FLORKIN s, who reported a maximal  binding 
capacity of one molecule of oxygen for each three iron atoms. Further physical 
characterization of the pigment comes from the work of ROCHE 9 and ROCHE Al~I) 
ROCHE ~°. They found that hemerythrin from sipunculus nudus has an isoelectric 
point of 5.85. They also reported the spectroscopic properties of the pigment and 
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de termined a molecular weight of 66,5oo from measurements  of osmotic pressure. 
KUBO n found tha t  the magnet ic  susceptibil i ty of hemerythr in  decreases with i ts  
oxygenat ion.  He believes tha t  the iron atoms in the reduced and  the oxygenated  
hemery th r in  are at a valence state of two. The oxidized ferr ihemerythr in ob ta ined  
by  t r ea tmen t  with ferricyanide by M.XRRI.XN 7 is a different product.  

Recent ly  there have been conflicting results and  opinions concerning the bio- 
chemistry of hemerythr in .  KLOTZ AND KLOTZ 12 believe tha t  two out of three iron 
atoms of deoxygenated hemery thr in  are b iva len t  and  one is t r ivalent ,  while in oxy- 
hemerythr in  all are t r ivalent .  This opinion is based on results obta ined  by t reat ing 
either oxygenated or deoxygenated hemerythr in  solutions with dilute sulphuric acid 
and  o-phenanthroline.  However, their experiments were criticized by WILLIAMS 13. 

Our results indicate a maximal  b ind ing  of oxygen in a ratio of one molecule for 
each two iron atoms in  the hemery thr in  from Sipunculus nudus. In  addit ion the 
present  work gives some informat ion on the effect of the addi t ion of acid and  ferri- 
cyanide to hemery thr in  solutions. During the course of our experiments we learned 
tha t  Dr. W. E. LOVE 14, working with crystallized hemerythr in  from Phascolosoma 
gouldi, had obta ined  results similar to those we have obta ined  and  we agreed to  
publish our results s imultaneously.  

METHODS 

Fresh hemerythrin solutions were prepared in the following way. The coelomic fluid from sipun- 
culus nudus was centrifuged at 3,00o r.p.m, in a small centrifuge for few minutes. Such a centrifuga- 
tion permitted complete sedimentation of both pigmented and nonpigmented cells, the latter 
on top of the pigmented ones. Most of the white ceils were removed by gentle suction, while the 
bottom sediment was resuspended in filtered sea water. By repeating this procedure six or seven 
times the nonpigmented cells were almost completely removed. The red cells were then hemolyzed 
by addition of the smallest possible volume of 1/15o M phosphate buffer pH 7.0. Cell debris and 
residual white cells were removed by high speed centrifugation. A clear dark-red solution of 
hemerythrin was obtained. 

The oxygen capacity was measured by the micromethod of VA~ SLYKE AND ~EILL 1~ on 
0.2 ml samples in a manometric Van Slyke blood gas apparatus. Correction for the oxygen in 
solution was included in the blank, for which 0.2 ml of the solvent was used. The amount of oxygen 
in the blank was generally lO-2O% of the total oxygen in the sample. 

The spectral properties of hemerythrin were measured in a Beckmann DU spectrophotometer. 
Deoxygenated hemerythrin was obtained in Thunberg shaped cuvettes by repeated evacuation 
and admission of hydrogen. So-called metahemerythrin was obtained by treatment with i/i5o M 
potassium ferricyanide in o.2 M tris buffer, followed by prolonged dialysis. 

Iron analyses were performed by LORBER'S le method as modified by THEORELL et al.lL 

RESULTS AND DISCUSSION 
I. The iron to oxygen ratio 

Table  I shows tha t  the ratio of iron to oxygen in freshly prepared solutions of heme- 
ry th r in  from sipunculus nudus is of two to one. This finding modifies previous 
knowledge. In  fact, as we have already stated, FLORKIN in I933 s found a value of 
three to one for this ratio in hemery thr in  from Phascolosoma elongatum. FLORKIN'S 
results have never  been repeated and  have generally been accepted as such in the 
l i terature (e.g. by HAUROWlTZ AND HARDINlS). However FLORKIN himself was aware 
of the need for further  experiments  as he clearly s ta ted in the following sentence: 
" A v a n t  d 'avoir  une  cert i tude complete sur le point  que nous occupe, il faudra a t tendre  
les rdsultats de longues sdries de ddterminat ions  faites sur des solutions trds con- 
centrdes d 'hemery thr ine  avec des mdthodes diverses, par des expdrimentateurs  
diffdrents". 
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Recently W. E. LOVE 1~ found for hemerythrin from Phascolosoma gouldi a ratio 
of iron to oxygen of 2.4. We believe that  the three to one ratio is erroneous and 
that  it is due to the use of solutions in which there was nearly as much oxygen dissolved 
as combined, and also to denaturation from prolonged aeration and excessive dilution. 

TABLE I 

Preparation 0 ! Fe Fe'02 
number Mmoles.,l g atoms,'l 

I 3.4 ° 6.80 2.00 
2 2,96 6.30 2.12 
3 2.65 4.87 1.84 
4 3 .02 7 .20 2"38 
5 2.78 6.04 2.17 
6 3-39 7 .12 2.1o 
7* 4 .00 7.47 1.87 
8 2.o9 4.39 2.1o 
9" 1.8o 3.58 1.99 

Io  1.48 3.08 2.08 

Preparat ions  7 and 9 were suspensions of cells in 
and part ial  removal  of the superna tant .  

plasma, concentrated by  centrifugation 

The value of 2.4 given by LOVE might be due either to some inactivation during the 
crystallization procedure or to the different origin of the biological material. 

I t  seems worthwhile to mention that  red cell suspensions of Sipunculus nudus 
gave an Fe/O 2 ratio close to 2 (see Table I), thus showing that  non-hemerythrin iron 
is negligible in comparison to hemerythrin iron. 

2. The e~ect o/[erricyanide 

FLORKIN s found that  extraction in vacuo in the presence of ferricyanide releases 
rapidly all the oxygen bound to hemerythrin, which behaves therefore like hemo- 
globin. HALDANE 19 found that  even in air ferricyanide is able to displace all the oxygen 
bound to oxygenated hemoglobin. We have seen that  the same happens with hem- 
erythrin. When ferricyanide is added to a solution of oxygenated hemerythrin in a 
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Fig. I. Absorpt ion spectra of hemerythr in ,  oxy- 
hemerythr in  and metahemery th r in  from S i p u n c u l u s  
n u d u s .  Abscissa : wavelength in mfllimicrons. Ordi- 
nate :  extinction in natura l  logarithms, for a con- 
centrat ion of p igment  of i g a tom Fe per ml. Curve 
i :  me tahemery th r in ;  curve 2: oxyhemery thr in ;  
curve 3: deoxygenated hemerythr in .  The ordinate 
value for oxyhemery thr in  was  42. io e at  278 m/~, 

giving a ratio of 15. 7 for E27s/Esoo.  
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Warburg vessel, oxygen is released in an amount exactly equal to the oxygen capacity, 
as measured in the Van Slyke blood gas apparatus by VAN SLYKE .AND NEILL'S 
technique. For instance, 1.65 mmoles/1 of bound oxygen were measured by  VAN 
SLYKE AND ~N~EILL'S method and 1.65 mmoles/1 with ferrieyanide addition in air. 

Moreover the addition of ferricyanide changes the spectroscopic properties of a 
solution of oxyhemerythrin. Fig. I shows the spectra of oxygenated (2), deoxygenated 
(3) and felTicyanide-treated (I) hemerythrin. The latter state of the pigment was 
called "metahemerythr in"  by  MARRIAN 7. 

3. The e~tect o[ acidification on the release o/oxygen 

In VAN SLYKE .AND NEILL'S technique oxygen is released in vacuo in the presence of 
ferricyanide at neutral pH. Acidification previous to ferricyanide addition and extrac- 
tion in vacuo prevents the release of most of the oxygen. 

The following experiment proves this point. 0. 4 ml of fresh hemerythrin solution 
was introduced into the chamber of the Van Slyke apparatus and 2.5 ml of deaerated 
0.3% ferrieyanide solution were added and mixed. I.O ml of 6 N sulfuric acid was 
added and the gases were extracted under vacuum. The drop in pressure (reading at 
0.5 rot) for oxygen absorption was of 64.6 m m  of mercury (average of two determina- 
tions of 63.0 and 66.3 ram) corresponding to an oxygen content of 9.9 ml % in the 
original hemerythrin solution. This agrees well with the IO.O ml % found by Van 
Slyke and Neill's method. The same experiment was then repeated, but  the order 
of the reagent addition was changed: first the hemerythrin and the sulfuric acid and 
then the ferricyanide. The usual extraction in vacuo was performed. The drop in 
pressure after oxygen absorption was now only 6.0 mm of mercury. 

Thus oxygen was fully released from an acid solution of hemerythrin if the solu- 
tion was first oxidized with ferricyanide, but  only a very small amount of oxygen 
(less than lO%) was released if the acidification was performed before the oxidation. 

Evidently much of the oxygen is used at low pH for some oxidation reactions: 
probably oxidation of ferrous to ferric iron, if oxyhemerythrin contains ferrous iron, 
and/or of oxidizable groups of the protein moiety. 

These results can be compared to those obtained on oxyhemoglobin solutions 
in which acidification to pH 's  lower than 3 or 4 causes oxidation of the ferrous iron 
to ferric (RoAF .AND SMART 20) as well as of oxidizable groups of the protein (LEMBERG 
AND LEGGE~I). We believe that  the lO% oxygen released in the above experiment 
results from a competition between the rate of release and the rate of disappearance 
in oxidation reactions. 

These findings set a limitation to the conclusions drawn by KLOTZ AND KLOTZ 12 
who used acidification of oxyhemerythrin solutions to liberate the iron from the pro- 
tein in order to measure its valence with o-phenanthroline. 

Addition of o-phenanthroline to the acid solution in order to complex the ferrous 
iron as soon as liberated failed to give different results. The experiment was performed 
using acid sodium sulfate containing 0.5% o-phenanthroline. The amount of acid 
sodium sulphate used was such that  after addition of the hemerythrin solution a 
final pH of 2 was attained. This pH value still permits a rapid reaction between 
o-phenanthroline and ferrous iron (KOLTHOFF, LEE AND LEUSSlNG~2). Less than lO% 
of the total  bound oxygen was released when the acid solution was added before the 
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f e r r i c y a n i d e ,  wh i l e  a l l  of i t  w as  r e l e a s e d  w h e n  t h e  a c i d  s o l u t i o n  was  a d d e d  a f t e r  t h e  

f e r r i c y a n i d e .  

4. Conc lus ions  on the oxygen to i ron  bonds i n  hem ery th r in  

O x y g e n  ga s  is b o u n d  in  h e m e r y t h r i n  in  a r a t i o  of I m o l e  for  e a c h  t w o  i ron  a t o m s .  T h e  

b o u n d  o x y g e n  is ea s i l y  r e l e a s e d  b y  a d d i t i o n  of f e r r i c y a n i d e  b o t h  i n  vacuo a n d  in  air .  

I t  s eems  a t  p r e s e n t  d i f f icul t  to  dec ide  w h e t h e r  t h e  o x y g e n  is b o u n d  to  b i v a l e n t  

i r on  a t o m s ,  as  is h e l d  b y  KUBO, or  w h e t h e r  i t  is b o u n d  in  a p e r o x y  f o r m  to  t r i v a l e n t  

i r o n  as  is h e l d  b y  KLOTZ AND KLOTZ. 

T h e  dec i s ion  b e t w e e n  e i t h e r  a l t e r n a t i v e  h o w e v e r  is n o t  a q u e s t i o n  of p r i m e  

i m p o r t a n c e  a n d  is d e p e n d e n t  o n  t h e  p o i n t  f r o m  w h i c h  t h e  m a t t e r  is v i ewed .  
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SUMMARY 

One mole of oxygen is bound by each two iron atoms of oxyhemerythrin,  
Ferricyanide liberates the oxygen from oxyhemerythrin solutions both  in vacuo and in air. 
Only a small par t  of the total  bound oxygen is recovered from a solution of oxyhemerythrin 

following acidification and extraction in vacuo. 

R E F E R E N C E S  

1 c. F. ~V. KRUKENBERG, Vergl. Physiol. S/udien, Heidelberg, 188o-82, I I I  Abt., p. 82. 
2 S. I)ELLE CHIAIE, Memorie sulla s/orie e nolomia degli animali del Regno di Napoli, 1823, Napoli, 

Stamperia dei Frat.  Fernandes. 
a G. SCHWALBE, Arch. mikroskop, anaL, 5 (I869) 248. 
4 E. RAv-LAI~!KESTER, Proc. Roy. Soc. (London), 21 (1872) 7 o. 
5 E. A. ANDREWS, Johns Hopkins Univ. Circulars, 9 (189o) 65. 
6 A. ]3. GRIFFITHS, Compt. rend., 115 (1892) 669. 
7 G. F. MARRIAN, J. Exp/l. Biol., 4 (I927) 357. 
8 M. FLORKIN, Arch. int. physiol., 36 (1933) 247- 
9 j .  ROCHE, Bull. soc. chim. biol., 15 (1933) 1415. 

10 A. ROCHE ET J. ROCHE, Bull. soc. chim. biol., 17 (1935) 1494. 
n M. KLTBO, Bull. Chem. Soc. Japan, 26 (1953) 244. 
12 I. M. KLOTZ AND T. A. KLOTZ, Science, 122 (t955) 477- 
13 R. J. P. WILLIAMS, Science, 122 (1955) 558. 
14 W. E, LOVE, Biochim. Biophys. Acta, 23 (1957) 465 • 
15 D. D. VAN SLYKE AND J. M. NEILL, J. Biol. Chem., 61 (1924) 523 . 
16 T. LORBER, 13iochem. Z., 18I (1927) 391. 
17 H. THEORELL, M. BEZNAK, R. K, BONNICHSEN, K. G. PAUL AND ~k. ~kKESON, Acta Chem. Scand. 

5 (1951) 445- 
18 F. HAUROWITZ AND R. L. HARDIN in H. NEURATH AND K. BAILEY, The Proteins, Vol. II, Par t  A, 

Academic Press, Inc., New York, 1954, p. 279. 
19 J. S. HALDANE, J. Physiol. (London), 22 (1897-98) 298. 
2o t-I. F. ROAF AND W. A. N. SMART, Biochem. J.,  17 (1923) 579. 
21 R. LEMBERG AND J. \¥.  LEGGE, J. Proc. Roy. Soc. N. S. Wales, 72 (1938) 62. 
22 I. M. KOLTHOFF, T. S. LEE AND D. L. LEUSSlNG, J. Am. Chem. Sot., 7 ° (1948) 2348, 3596. 

R e c e i v e d  S e p t e m b e r  I 2 t h ,  1956 


