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ABSTRACT 

Hemocyanin, the copper-containing glycoprotein that serves as an oxygen 
carrier in the hemolymph of some arthropods and molluscs, was obtained from the 
blood of the scorpion Androctonus ausfralis. Sugar analysis of the glycoprotein 
revealed that its carbohydrate moiety is of the N-glycosylic type. The carbohydrate 
chains were released from the protein by hydraxinolysis. Determination of the 
molecular weight and carbohydrate composition, in conjunction with methylation 
analysis and SIO-MHz ‘H-n.m.r. spectroscopy of the oligosaccharides, indicated 
that this hemocyanin contains glycans of the oligomannosidic-type. Their structures 
were found to be homogeneous; all isolated chains were identified as 
Man,GlcNAq. The number of chains per molecule is 8. The finding of (non- 
processed) oligomannoside-type structures in scorpion hemocyanin fits the proposal 
[R. C. Hughes and T. D. Butters, Trends Biochem. Sci., (1981) 228-2301 that 
glycosylation of a protein is an evolutionary marker. 

INlXODUCIION 

Hemocyanins are high-molecular-weight, copper-containing oxygen carriers 
freely dissolved in the hemolymph of arthropods and molluscsl . The hemocyanin of 
the scorpion Androctonus azutralis is a (4 x 6)mer protein built from eight types of 
polypeptide chain2J. 

*Dedicated to Roger W. Jeanloz. 
+Presented at the 8th International Symposium on Glycoamjugates, Houston, Texas, U.S.A., 9-13 
September, 1985. 
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The carbohydrate content of hemocyanins is l-3% (w/w) and 4-9% (w/w) 
for arthropods4-6 and molluscs79s, respectively. With regard to arthropod 
hemocyanins, mannose and N-acetylglucosamine are typical of their carbohydrate 
composition9. 

In the present paper, we described the primary-structure determination of 
the oligosaccharide moiety of the hemocyanin of the scorpion Androctonus australis 
by methylation analysis and by SOO-MHz ‘H-n.m.r. spectroscopy. 

EXPERIMENTAL 

Isolation of carbohydrate chains. - Blood from the scorpion Androctonus 
australis garwniP was collected by cardiac puncture and centrifuged for 10 min at 
8OOg to remove cells. Hemocyanin was isolated’* by gel filtration on Sepharose 2B 
by using Tris-HCl, pH 7.2, hM CaCl,, and 2mM MgCl,. A lyophilized hemocyanin 
preparation (60 mg) was hydrazinolysedl* and the liberated, N-deacetylated glycans 
were purified on a column of Bio-Gel P-2 (eluted with 1% acetic acid) and then 
re-l\r-acetylated, first with [“Clacetic anhydride and, then, with “cold” acetic an- 
hydride13. The glycans were analysed by t.1.c. on Silica Gel 60 plates with 2: 1: 1 
(v/v) 1-butanol-acetic acid-waterI and made visible by using an orcinol spray- 
reagent (200 mg of orcinol in 100 mL of 20% sulfuric acid) with heating for 10 min 
at 110”. Oligomannoside-type oligosaccharides (Man, to Man,) containing 2-9 
mannose residues with the general structure Mar+,_,, Manp1+4GlcNAc, isolated 
from patients with mannosidosis15, were used as reference oligosaccharides. 

Chemical analysis. - For methanolysis, methylation, and ‘H-n.m.r. studies, 
the hemocyanin-derived carbohydrates were reduced by the addition of sodium 
borohydride (5 mg). After 2 h, the mixture was made neutral with Dowex 50 X8 
(25-50 mesh, H+) and the boric acid removed by distillation of methanol from the 
residue. The carbohydrate content and the molar ratio of constituent monosacchar- 
ides of the intact glycoprotein and of its reduced hydrazinolysis product were 
determined by g.1.c. after methanolysis and trifluoroacetylationi6. Exhaustive 
methylation of the reduced oligosaccharides was performed according to ref. 17. 
The methyl glycosides obtained by methanolysis of permethylated oligosaccharides 
were peracetylated and identified by g.l.c.-m.s. as described in ref. 18. 

‘H-N.m.r. studies. - Prior to ‘H-n.m.r. spectroscopic analysis, the sample 
was repeatedly treated with D,O at pD 6-7 and room temperature. ‘H-N.m.r. 
spectroscopy19 at 500-MHz was performed with a Bruker WM-500 spectrometer 
(SON hf-n.m.r. facility, Department of Biophysical Chemistry, University of 
Nijmegen, The Netherlands) operating in the pulsed Fourier-transform mode at a 
probe temperature of 27”. Chemical shifts (8) are expressed in p.p.m. downfield 
from internal sodium 4,4-dimethyl-4-silapentane-1-sulfonate, but were actually 
measured by reference to internal acetone (S = 2.225 p.p.m. in D,O at 27”). 
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RESULTS AND DISCUSSION 

Carbohydrate composition of Androctonus australis hemocyanin. -The total 
carbohydrate content of Androctonus australis hemocyanin was found to be rather 
low (0.8% by weight); this is in reasonable accord with values (l-2%) reported for 
other arthropod hemocyanins7p8. The occurrence of Man and GlcNAc (molar ratio 
8.8:2, respectively) as sugar constituents of the initial glycoprotein and of the 
glycans liberated by reductive hydrazinolysis is characteristic of glycans of the 
oligomannosidiotype (Man, GlcNAc, GlcNAc-01 8.2: 1:0.45, respectively). The 
minute amount of galactose present in the initial glycoprotein (0.2 residue) could 
not be detected after hydrazinolysis. This result suggests a minor amount of an 
other type of glycan we were unable to characterize. 

Thin-layer chromatography of the oligosaccharides. - The oligosaccharides 
released from hemocyanin by hydrazinolysis and N-reacetylation appeared to be 
homogeneous by t.1.c. (Fig. 1, H) and exhibit slightly lower mobility than the oligo- 
saccharide Man,GlcNAc (Fig. 1, St) from urine of mannosidosis. This is in accord- 
ance with the presence of an additional GlcNAc residue in the hemocyanin glycan. 

Primury-structure abennination of the oligosaccharides. - The primary 
structure of the glycan from Androctonus awtralis was established by !XlO-MHz 
lH-n.m.r. spectroscopy. Spectra of the glycan (H) were recorded for neutral D,O 
solutions at two different probe temperatures (27 and W). Relevant n.m.r. 
parameters are listed in Table II. Those data comprised a set of structural-reporter- 
group signals identical with those reported for ,the MaqGlcNAcGlcNAc-01 compo- 
nent (Fl) present in the reduced hydrazinolysate from sheep prostaglandin endo- 
peroxide synthasem. The absence of any lower-intensity anomeric signals in the 
region 4.8 < 6 < 5.5, other than those listed in Table I indicated that no partial 
structures of the complete Man,GlcNAcGlcNAc-ol were present. 

St. H 

Fig. 1. Thin-layer chromatography of the glycan liberated by hydrazinolysis from Androctonus ausrrulis 
hemocyanin @I) and of the mixture of the oligomannosidic-type oligosaccharides MT& used as 
standards (St). For details of procedure, see the Experimental section. 
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TABLE I 

'H-CHEMICALSHIFTSOF~RUCTURALREPORTER-GROUPPROTONSOFTHECON~ITUENTMONOSACCHARIDES 

FORTHEOLIGOSACCHARIDEALDITOL (H) DERIVEDFROM Androctonusaustralis HEMOCYANIN.TOGEYHER 

WITHTHOSEFORREFERENCECOUPOIJND~ Fl 
~- -. --.- . - ._.. -._- 

Reporter group Residue Chemical shifP in 

FI H 

NAc of 

H-l of 

l-01 2.055 2.055 
2 2.067 2.067 

2 4.630 4.643 
3 4.77 4.78’ 
4 5.333 5.334 
4’ 4.867 4.861 
A 5.400 5.400 
B 5.140 5.140 
C 5.307 5.306 

D, 5.045 5.039 

Dz 5.054 5.054 

D3 5.038 5.039 

l-01 

3 
4 
4’ 
A 
B 
C 

D, 
D, 
D, 

4.232 4.232 
4.232 4.232 
4.094 4.0% 
4.153 4.152 
4.104 4.106 
4.020 4.014 
4.104 4.106 
4.071d 4.06Pi 
4.W 4.068 
4.064~ 4.068 

#For coding of monosaccharide residues and complete structure, see Fig. 2. ‘Chemical shifts are given 
for neutral solution at 27” in p.p.m. downfield from internal sodium 4,4-dimethyl-4-silapentane-l- 
sulfonate in D,O. “Chemical shift was measured at 60”. dAssignments may have to be interchanged. 

These results were confirmed by permethylation analysis. The results of the 
latter are compiled in Table II. 

CONCLUSION 

Based on the results of n.m.r. and methylation analysis, the primary structure 
of the oligosaccharide moiety of Androctmw austrulis hemocyanin is proposed to 
be as shown in Fig. 2. This structure is common to numerous glycoproteins of diffe- 
rent origins, exhibiting different roles, for example calf thyroglobulin unit A?‘, 
human myeloma IgM=, Chinese hamster ovary cell glycoprotein@, soybean 
agglutinirP, bovine lactotransferritP, and sheep prostaglandin endoperoxide 
synthase2”. 
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TABLE II 

MOLAR RATIO* OF MANOSACCHARIDE METHYL ETHERS PRESENT IN THE METHANOLYSATE OF THE PER- 

IWITIYLATED GLYCAN ISOLATED FROM Androctonus aU.Wak.9 HEMOCYANIN 

Monosaccharide methyl ether Molar ratio 

2,3,4,6_Me.,Man 2.8 
3,4,6_Me,Man 4.0 
2,4-Me,Man 2.6 
3&Me,GlcN(Me)Ac 1.0 
1,3,5-Me,GlcN(Me)Ac-ool 0.3 

aCalculated on the basis of 4 residues of 3,4,6_Me,Man. 

Moreover, Androcfonw a#uZis hemocyanin is a 24-mer protein built from 
eight types of polypeptide chains, each of which has a relative molecular mass2,3 of 
-75,000. Hence, the total carbohydrate content of hemocyanin of 0.8% by weight 
indicates the presence of about eight glycan groups per molecule. 

It is worth noting that only the complete Man,GlcNA% has been found in the 
Androctonus austruh hemocyanin. Apparently, no trimming occurred after re- 
moval of the 3 cr-glucose residues, if they exist, raising an interesting point as to 
glycoprotein evolution. N-Glycosylation of proteins is an universal feature of 
eucaryotic organisms. The asparagine-linked oligosaccharides may be subdivided 
into the oligomannosidic type and, after oligosaccharide processing followed by a 
series of elongation reactions, into hybrid- and N-acetyllactosamine-types%. 
Butters and colleagues 27*28 have found only oligomannosidic-type glycans in the 
major glycoprotein of mosquito cell plasma membranes. In contrast N-acetyl- 
lactosamine-type glycans are abundant in vertebrate cells. Those results are con- 
sistent with later findings of Hsieh and Robbir@, who suggest that a similar 

Man-s-~l~2)_Man-a-~l~z~Man-a-~l-3l 

01 C 4 

\ 

3 2 1 

M.n-~-~~4l-GlcNPlc-~-~l~4)_GI~NAc-~-~1~NJ-Asn 

Man-a-(1~2~-Man_cr-(l~31 
I 

02 A \ I 
Man-a-(1-.61 

I 4l 

Fig. 2. Primary structure of the oligomannosidiotype carbohydrate chain from Androctonus australis 
hemocyanin. 
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processing pathway may be characteristic of all insects. The oligomannoside nature 
of the ~-~ycosy~c-type glycan of scorpion hemocyanin is in accordance with the 
proposal that glycosylation is an evolutionary markeP. 

This investigation was supported in part by the Centre National de la 
Recherche Scientifique (U-A. no. 217), by the Netherlands Foundation for 
Chemical Research (SON), with financial aid from the Netherlands Org~ization 
for the Advancement of Pure Research (ZWO), and by grant UUKC 83-13 from 
the Netherlands Cancer Foundation (KWF). We thank Yves Leroy for his expert 
technical assistance. 
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