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Sialidase of swine influenza A viruses: variation of the 
recognition specificities for sialyi linkages and for the 
molecular species of sialic acid with the year of isolation 
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The sialidase of swine influenza A viruses of N1 and N2 subtypes, isolated from 1930 to 1992, was studied for sub- 
strate specificity with ganglio-series, lacto-series type II and GM3 gangliosides containing Neu5Aco~2-3Gal, 
Neu5Gca2-3Gal and Neu5Acc~2-6Gal linkages. All viral sialidases tested showed that the activity for hydrolysing sub- 
strates with Neu5Aco~2-3Gal was higher than the activities with Neu5Gca2-3Gal and Neu5Acc~2-6Gal linkages. When 
GM I b, GM3 and sialylparagloboside were used as substrates, the earliest strain (A/Wisconsin/15/30 H t N1, isolated in 
1930) showed the activity ratio of Neu5Acc~2-6Gal to Neu5Aca2-3Gal to be 0.13:0.2, and the ratio Neu5Gcc~2- 
3Gal/Neu5Acc~2-3Gal to be 0.19:0.37, while those sta'ains isolated from 1978 to 1992 exhibited ratios of 0.29:0.58 for 
Neu5Aco~2-6Gal/Neu5Aca2-3Gal and 0.51:0.76 for Neu5Gco~2-3Gal/Neu5Acc~2-3Gal. The above results indicate that 
the substrate specificities of sialidases from swine influenza A viruses towards sialyl linkages and the molecular species 
of sialic acid are related to the year of isolation, i.e. strains isolated after 1978 exhibited higher activity towards 
Neu5Aca2-6Gal and Neu5Gc~2-3Gal linkages when compared with strains isolated in an earlier year, 1930. 
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Abbreviations: Neu5Ac, 5-N-acetylneuraminic acid; Neu5Gc, 5-N-glycolyneuraminic acid; Gal, D-galactose; Glc, D- 
glucose; Cer, Ceramide; II3(Neu5Ac)Lac, Neu5Acc~2-3Gal/31-4Glc; GM3(Neu5Aca2-3Gal), Neu5Acc~2-3Gal/31- 
4Glct31-Cer; GM3(Neu5Gcc~2-3Gal), Neu5Gcc~2-3Gal/31-4Glc/31-Cer; GMlb(Neu5Acc~2-3Gal), 
Neu5Aca2-3Gal/31-3GalNAc/31-4Gal/31-4Glc/31-Cer; GMlb(Neu5Gca2-3Gal), Neu5Gca2-3Gal/31-3GalNAc/31- 
4Gal/3t-4Glc/31-eer; IV~(Neu5Ac)nLc4Cer, Neu5Aco~2-3Gal/31-3GlcNAc/31-4Gal/31-4Glc/3t-Cer; 
IV3(Neu5Gc)nLc4Cer, Neu5Gec~2-3Gal/31-3GlcNAc/31-4Gal/31-4Glc/~l-Cer; IV6(Neu5Ac)nLc4Cer, Neu5Aca2- 
6Gal/31-3GlcNAc/31-4Gal/31-4Glct3t-Cer; TDC, taurodeoxycholate. 

Introduction 

It is known that sialic acid-containing gtycoproteins and gly- 
colipids on cell-surfaces are receptors for influenza viruses 
[1-4]. The interaction of influenza virus with the cellular 
receptor is mediated by two major glycoproteins, haemagglu- 
tinin and sialidase, which are responsible, respectively, for 
viral attachment to target cells and for subsequent removal of 
virus from cell surface sialyloligosaccharides [5-8]. The struc- 
tures of glycoproteins and glycolipids on the surfaces of 
human or animal cells are very different [9]. The human 
influenza virus isolates exhibited different binding specificities 
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for the carbohydrate residues and different hydrolysing 
specificities for sialyl linkages due to the action of the 
haemagglutinin and sialidase, respectively [ 10-12]. 

To study if there is any relationship for sialyl-linkage sub- 
strate specificities between the haemagglutinin and sialidase, 
several workers [13-15], including our laboratory [3, 16], 
have studied the specificities of haemagglutinin and sialidase 
of human influenza A and B isolates towards various sialy- 
loligosaccharides. 

In the case of animal viruses, particularly swine virus there 
is little information about specificity towards sialyloligosaccha- 
rides of diverse structure. Swine cells carry two major molecu- 
lar species of sialic acid (Neu5Ac, Neu5Gc) in glycoproteins 
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and glycolipids [17]. In this work we report the activities of 
sialidase from swine influenza A viruses, isolated from 1930 to 
1992, on gangliosides with a diversity of sialyl-linkages and of 
molecular species of sialic acid (Neu5Ac, Neu5Gc). 

length TLC scanner (CS 910 Shimadzu, Kyoto, Japan), using 
sialic as the standard. 

Results 

Materials and methods 

Viruses A/Swine/Wisconsin/15/30 (H 1N 1) was supplied by 
the National Institute of Health, Tokyo, Japan. A/Swine/ 
Niigata/78 (H 1N 1) was from Chuo Livestock Hygiene Service 
Center, Niigata Prefecture, Japan. A/Swine/Shizuoka/1/78 
(H1N1) was supplied by Shizuoka Prefectural Institute of 
Animal Health, Japan. A/Swine/Kanagawa/285/91 (H1N2) 
and A/Swine/Kanagawa/188/92 (H 1N2) were from Kanagawa 
Prefectural Veterinary Diagnostic Laboratory, Japan. The 
viruses were grown in 11-day-old-embryonated chicken eggs, 
and were purified by sucrose density gradient centrifugation 
as described previously [18]. Protein was determined by the 
method of Lowry et al. [19] using bovine albumin as the 
standard. 

Substrates The mixture of sialyllactose containing Neu5Aca2- 
3Gal and Neu5Acc~2-6Gal linkages was purchased from Sigma 
(St Louis, Mo). The pure sialyllactose with Neu5Acce2-3Gal 
linkage was separated from the mixture by thin-layer chro- 
matography in our laboratory [16]. GM 3(Neu5Acc~2-3Gal) 
was from human liver [20], GM3(Neu5Gcc~2-3Gal) was from 
equine erythrocytes [21]. GMlb(Neu5Acce2-3Gal) was purified 
from bovine brains by anion exchange and Iatrobeads column 
chromatography [22]. Native lacto-series gangliosides contain- 
ing type II sugar chain, IV3(Neu5Ac)nLc4Cer and 
IV6(Neu5Ac)nLc4Cer, were prepared from human red blood 
cells [23], mad from human meconium [ 24], respectively. 
IV3(Neu5Gc)nLc4Cer was from bovine red blood cells [25]. 
Synthetic GM3(Neu5Ac~2-6Gal) and GMlb(Neu5Aca2-6Gal) 
were prepared as described previously [26]. 

Assay of enzyme activity Standard assays for sialidase activity 
from human influenza B virus [16] were carried out using 
sialyllactose with a Neu5Aca2-3Gal linkage as substrate. 
One unit of sialidase activity was defined as the amount of 
activity required to release 1 ixmol of Neu5Ac from the sub- 
strate per minute at 37°C. 

Each of the reaction mixtures contained 0.1 mM substrate 
and 10 mUml -1 of viral sialidase activity in a total volume of 
50 Ixl in 20 mM of sodium acetate buffer, pH 5.4 (the optimum 
pH was determined using sialyllactose with a Neu5Acce2-3Gal 
linkage). The mixtures were incubated at 37°C for an appro- 
priate time (usually for 10 rain) and the reaction was stopped 
by immersing the mixture in boiling water for 1 rain. After the 
enzyme reaction, incubation mixtures were directly applied to 
a TLC plate, which was developed in the solvent system iso- 
propanol:butanoI-water, 5:3:3 (v/v/v). Free sialic acid was 
determined by spraying with resorcinol/HC1 reagent [27] and 
scanning at 580 nm (reference at 780 nm) with a dual-wave- 

The five influenza A viruses of N1 and N2 subtypes were 
isolated from pigs in America and Japan. The three strains of 
N1 serotypes included A/Wisconsin/15/30, A/Niigata/78, and 
A/Shizuoka/1/78. The two isolates of N2 serotypes were 
A/Kanagawa/285/91 and A/Kanagawa/188/92. The substrate 
specificities of these strains were examined with eight ganglio- 
sides, including GM3, ganglio- and lacto-series gangliosides 
containing different molecular species of sialic acid (Neu5Ac, 
Neu5Gc) and different sialyl-linkages (Neu5Acc~2-3Gal, Neu5 
Acc~2-6Gal), for various incubation times (0-30 rain). The 
rates of sialic acid hydrolysis with gangliosides containing dif- 
ferent sialyl-linkages (Neu5Aca2-3Gal and Neu5Ac~x2-6Gal) 
were assayed for each strain. All strains were similar in their 
enzymatic properties. They showed a preferential sialidase 
activity for the Neu5Acc~2-3Gal linkage of the ganglioside, 
GM3(Neu5Acce2-3Gal) (II3(Neu5Ac)LacCer), and exhibited a 
weak hydrolysing activity for GM3(Neu5Acc~2-6Gal) 
(Fig. 1). 

A/Wisconsin/15/30 showed a marked substrate specificity 
preference for the Neu5Ac~2-3Gal linkage, and remarkably 
tow reactivity with the Neu5Ac~2-6Gal linkage of GM3 (Fig. 
la). However the reactivity of A/Wisconsin/15/30 on the 
Neu5Aca2-3Gal linkage was similar to the other four strains 
under the same conditions (Table 1). 

Lacto-series type II sugar chain gangliosides gave similar 
results (Fig. 2). These result demonstrate that the sialidase of 
swine influenza A virus shows remarkably preferential recog- 
nition for the linkage Neu5Acc~2-3Gal in gangliosides relative 
to the Neu5Acc~2-6Gal linkage. 

The rate of sialic acid released by the sialidase from our five 
strains was also compared using the same GM3 gangliosides 
with different molecular species of sialic acid. Sialidases from 
all swine A viruses tested preferentially cleave the Neu5Acce2- 
3Gal rather than the Neu5Gcc~2-3Gal linkages of GM3 (Fig. 
1) and sialylparagloboside (lacto-series type II ganglioside) 
(Fig. 2). 

The sialidase activities towards the substrate containing dif- 
ferent sialyl linkages (2-3, 2-6) and different molecular species 
of sialic acid (Neu5Ac, Neu5Gc) were determined for viruses 
isolated in the 1930-1992 period (Fig. 3). A dramatic increase 
in sialidase activity towards the Neu5Acc~2-6Gal linkage and 
towards the N-glycolyl type of sialic acid (Neu5Gcce2-3Gal) 
was found in the viruses isolated between 1930 and 1978. 
When GM Ib, GM3 and sialylparagloboside were respectively 
used as substrates, the earliest strain, A/Wisconsin/15/30 
H1N1 isolated in 1930, showed the activity ratio of 
Neu5Acc~2-6Gal to Neu5Acce2-3Gal to be 0.13 _+ 0.03 to 0.2 + 
0.05 (Fig. 3, panel t), and the ratio of Neu5Gcc~2- 
3Gal/Neu5Acc~2-3Gal to be 0.19 + 0.02 to 0.37 _+ 0.04 (Fig. 3, 
panel 2). In contrast, A/Niigata/78 (H1N1), A/Shizuoka/1/78 
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Table 1. Sialidase activity of swine influenza A viruses on gangliosides containing the Neu5Aca2- 
3Gal linkage. 

% of Neu5Ac released (n = 6) 

Virus GMlb(2-3) GM3(2-3) IV3(Neu5Ac)nLc4Cer 
%+ sD % +_ SD % +_ SD 

A/Wisconsin/15/30 61.8 -+ 1.7 76.0 + 3.7 79.8 ± 5.3 
A/Niigata/78 58.8 ± 3.2 68.0 + 1.4 67.4 _+ 1.4 
A/ShizuokaJl/78 53,1 ± 1.1 57.1 _+ 2.3 72.6 + 4.1 
A/Kanagawa/285/91 58.5 +_. 5.8 72.0 _+ 1.6 82.3 ± 4.9 
A/Kanagawa/188/92 73.2 ± 6.2 64.1 ± 4.3 71.4 + 5.7 

Sialidase activity was assayed by measuring the release of sialic acid from the GMlb, GM3 and tacto-series 
type II sugar chain ganglioside (sialylparagloboside, IV3(Neu5Ac)nLc4Cer) which contain Neu5Aca2- 
3Gal linkages. Reaction mixtures contained 10 mUml -~ viral sialidase activity, 0.1 mM substrate, in 20 rnM 
sodium acetate buffer, (pH 5,4), and were incubated with 2 rc~u of TDC at 37°C for 10 rain. The percentage 
of sialic acid released from the Neu5Acc~2-3Gal linkage is expressed relative to the ganglioside added. 
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Figure 1. Sialidase specificity of swine influenza A virus on GM3 carrying different molecular species of sialic acid and sialyl linkages. The 
release of sialic acid from GM3 containing Neu5Acc~2-3Gal, (-o-), Neu5Gca2-3Gal (-o-) and Neu5Acc~2-6Gal (-A-) linkages was compared in 
five strains. Reaction mixtures contained 10 mU ml -~ of viral sialidase activity and 0.1 mM of GM3 in 20 mM of sodium acetate buffer, pH 5.4, 
and were incubated with 2 mM of TDC at 37°C for the indicated times. The sialic acid released was measured as described in Materials and 
methods. Each line represents the mean ± SD of six determinations. 
A, A/Wisconsin/15/30(H1N1); B, A/Niigata/78(H1N1); C, A/Shizuoka/l/78(H1N1); D, A/Kanagawa/258/91(H1N2); E, A/Kanagawa/ 
188/92(H1N2). 

(H1N1),  AIKanagawa/285/91 (H1N2),  and A/Kanagawa/  
188/92 (H1N1) isolated be tween 1.978 and 1992 exhibi ted  
rat ios of  0.29 + 0.06 to 0.58 _+ 0.02 for Neu5Acc~2- 
6Gal /Neu5Aca2-3Gal  (Fig. 3, panel 1) and 0.51 +_ 0.02 to 0.76 

_+ 0.05 for Neu5Gc~2-3Gat /Neu5Aca2-3Gal  (Fig. 3, panel 2). 
The above results indicate that the sial idase specifici t ies of  
swine influenza A viruses towards sialyl l inkages and the mo- 
lecular species of  sialic acid are related to the year of  isolation, 
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Figure 2. Sialidase specificity of swine influenza A virus on lacto-series type II sugar chain gangliosides, sialyparaloboside, carrying different 
molecular species of sialic acid and sialyl linkages. The release of sialic acids from lacto-series gangliosides containing the Neu5Acc~2-3Gal 
(IV3(Neu5Ac)nLc4Cer), (--o-), the Neu5Gcc~2-3Gal (IV3(Neu5Gc)nLc4Cer) (-Ey-) and Neu5Acc~2-6Gal (IV6(Neu5Ac)nLc4Cer) (--A-) linkages 
was compared in five strains. Reaction mixtures contained 10 mU ml -r of viral sialidase activity and 0.1 mM of ganglioside in 20 mM of sodium 
acetate buffer, pH 5.4, and were incubated with 2 mM of TDC at 37°C for the indicated times. The sialic acid released was measured as 
described in Materials and methods. Each line represents the mean _+ sD of six determinations. 
A, A/Wisconsin/15/30(H1N1); B, A/Niigata/78(H1N1); C, A/Shizuoka/1/78(H1N1); D, A/Kanagawa/285/91(H1N2); E, A/Kanagawa/ 
188/92(H 1N2). 

i.e. later strains isolated after 1978 exhibited higher activity 
towards Neu5Acc~2-6Gal and Neu5Gcc~2-3Gal linkages when 
compared with strains isolated in an earlier year, 1930. 

D i s c u s s i o n  

Gangliosides, essential components of cell surface membranes, 
are the native substrates of viral sialidase, and are also the native 
receptors of haemagglutinin of influenza viruses, as previously 
reported [1-4, 16, 28]. It is evident that swine cells contain gan- 
gliosides carrying different molecular species of sialic acid 
(NeuSAc, Neu5Gc), linkages and lengths of sugar chains [17]. 
Gangliosideswith different sialyl-linkages (a2-3, c~2-6), differ- 
ent molecular species of sialic acid (Neu5Ac, Neu5Gc) and dif- 
ferent sugar chain lengths (GMlb, GM3) were therefore used as 
substrates to determine the specificity of swine virus sialidases. 

From the data obtained it may be concluded that the diversi- 
ties of sialyl-linkage and molecular species of sialic acid 
influence the enzymatic activity of sialidases from swine 
influenza A virus. For gangliosides with the same molecular 
species of sialic acid but with different forms of sialyl-linkage 
sialidase exhibited a high activity towards the Neu5Acc~2- 

3Gal linkage, whereas a low activity was shown towards the 
Neu5Ac~2-6Gal linkage for the same virus strain. In the case 
of similar sialyMinkage and different substitutions of the 5- 
amino group acid of siatic acid (Neu5Ac, Neu5Gc), the release 
of N-acetylneuraminic acid was faster than the release of siatic 
acid carrying the 5-N-glycolyl group for the same virus strain. 
We did not find any significant effect the sugar chain length 
had on sialidase activity. 

TDC is the optimum detergent for enhancing enzymatic 
activity [16], because ganglioside contains a hydrophobic 
ceramide group. 

The drift in linkage specificity of  the sialidase has been 
studied by analysing human influenza A isolated from 1957 to 
1987 [12] and also influenza B viruses from 1940 to 1990 
[16]. In this work, especially for the period of 48 years 
between 1930 (A/Wisconsin/15/30) and 1978 (A/Niigata/78, 
A/Shizuoka/1/78), the sialidase specificity towards the 
Neu5Acce2-6Gal linkage (activity ratio of Neu5Aco~2- 
6Gal/Neu5Acc~2-3Gal) increased remarkably. The ratio for 
two other strains (A/Kanagawa/285/91, A/Kanagawa/188/92) 
from the nineties was also markedly higher than that of 
A/Wisconsin/15/30 isolated in 1930 using GMlb,  GM3, and 
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Figure 3. The change in the activity of swine influenza A virus sialidase towards sialyl linkages (6,2-6/ce2-3) (panel 1) and the molecular 
species of sialic acid (Neu5Gc/Neu5Ac) (panel 2) relative to the year of isolation. The five strains isolated from 1930 to 1992 were com- 
pared for sialidase activity assayed by measuring the release of sialic acids from gangliosides containing Neu5Acc~2-3G al, Neu5Acc~2-6Gal, 
and Neu5Gcc~2-3Gal linkages. Reaction mixtures contained 10 mU ml -t of viral sialidase activity and 0.1 mM of substrates in 20 mg of TDC 
at 37°C for 10 min. Each column represents the mean - SD of six determinations. The substrates used in panel 1 were GMlb(Neu5Acc~2- 
3Gal), GMlb(Neu5Acc~2-6Gal) (A); GM3(Neu5Acc~2-3Gal), GM3(Neu5Acc~2-6Gal) (B); and sialylparagloboside (lacto-series type II gan- 
glioside), IV3(Neu5Ac)nLc4Cer, IV6(Neu5Ac)nLc4Cer (C); and in panel 2 were GM3(NeuSAcc~2-3Gal), GM3(Neu5Gcc~2-3Gal) (A) and 
sialylparagloboside (lacto-series type II gangliosides) IV3(Neu5Ac)nLc4Cer, IVa(Neu5Gc)nLc4Cer (B). 1, AlWisconsin/15/30(H1N1); 
2, A/Niigata/78(H1N1); 3, A/Shizuoka/1/78(H1N1); 4, A/Kanagawa/285/91(H1N2); 5, A/KanagawaJ188/92(H1N2). 

sialylparagloboside ganglioside as substrates. The above 
results indicated that the tendency for sialidase from the later 
swine strains to show an increased specificity for the 
Neu5Aca2-6Gal linkage was consistent with previous reports 
on human influenza A [12] and B [16] viruses. Additional 
isolates from the period t930-1978 were not available to us 
and therefore could not be tested. 

Major sialic acid species in swine cells are Neu5Ac and 
Neu5Gc [171 although only Neu5Ac is found in human cells. 
Human influenza virus haemagglutinin binds specifically to 
Neu5Ac-sugar chains and the Neu5Gc species of sialic acid is 
very poorly recognized by human influenza virus haemagglu- 

tinin [3]; however, haemagglutinin of influenza virus isolated 
from pigs can bind to Neu5Gc-sugar chains at almost the same 
rate as to Neu5Ac-sugar chains (Suzuki Y. et at., manuscript 
in preparation) indicating that there are correlations between 
the sialic acid species recognized by the influenza virus 
haemagglutinin as host cell receptors and sialic acid species 
predominantly present in the host. In this report, we found that 
the sialidase of swine influenza A viruses showed significant 
hydrolysis of Neu5Gc species in gangliosides and also that the 
viruses isolated after 1978 exhibited preferential sialidase 
activity towards Neu5Gc species gangliosides rather than 
Neu5Ac when compared with strains isolated in an earlier 
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year, 1930. The results suggest that the sialic acid species rec- 
ognized by the influenza virus sialidase may correlate, in part, 
with the sialic acid species occurring in host cells, as is the 
case for influenza virus haemagglutinin. 

Acknowledgements 

This work was supported by a Grant-in-Aid for Scientific 
Research in Priority Areas (01308028, 05274101) (to Y.S. and 
A.H.) from the Ministry of Education, Science and Culture of 
Japan, a Monbusho International Scientific Research Program/ 
Joint Research grant (03044121) (to Y.S.) and the Mizutani 
Foundation for Olycoscience (to Y.S.). 

References 

1. Suzuki Y, Matsunaga M, Matsumoto M (1985) d Biol Chem 
260:1362-65. 

2. Suzuki Y, Nagao Y, Kato H, Matsumoto M, Nerome K, 
Nakajima K, Nobusawa E (1986) J Biol Chem 261:17057-61 

3. Suzuki Y, Kato H, Naeve CW, Webster RG (1989) J Virol 
63:4298-302. 

4. Suzuki Y, Nakao T, Ito T, Watanabe N, Toda Y, Xu G, Suzuki T, 
Kobayashi T, Kimura Y, Yamada A, Sugawara K, Nishimura 
H,Kitame F, Nakamura K, Deya E, Kiso M, Hasegawa A (1992) 
Virology 189:121-3 I. 

5. Gottschalk A (1957) Biochim Biophys Acta 23:645-46. 
6. Paulson JC (1985) In The Receptors, Vol. II (Conn PM ed.) 

pp. 131-219. Orlando: Academic Press. 
7. Wiley DC, Skehel JJ (1987) Annu Rev Biochem 56:365-94. 
8. Weis W, Brown JH, Cusack S, Paulson JC, Skehel JJ, Wiley DC 

(1988) Nature 333:426-31. 

161 

9. Kornfeld R, Kornfeld S (1980) In The Biochemistry of 
Glycoproteins and Glycolipids (Lennarz WJ ed.) pp. 1-27. New 
York: Plenum. 

10. Carrol SM, Higa HH, Paulson JC (1981) J Biol Chem 
256:8357-63. 

11. Nuss JM, Air GM (I99t) Virology 183:496-504. 
12. Baum LG, Paulsou JC (1991) Virology 180:10-15. 
t 3. Paulson JC, Sadler JE, Hilt RL (1979)J BioI Chem 254:2120-24. 
14. Cahan LD, Pautson JC (1980) Virology 103:505-9. 
15. Matrosovich MN, Gambaryan AS, Chumakov MP (1992) 

Virology 188:854-58. 
16. Xu G, Suzuki T, Hanagata G, Deya E, Kiso M, Hasegawa A, 

Suzuki Y (1993) J Biochem 113:304-7. 
17. Suzuki Y, Suzuki N, Michi H, Matsumoto M (1993) Lipids 

20:588-93. 
18. Suzuki Y, Morioka T, Matsumoto M (1980) Biochim Biophys 

Acta 619:632-39. 
19. Lowry OH, Rosebrough NJ, Farr AL, Randall RJ (1951) J Biol 

Chem 193:265-75. 
20. Seyfried TN, Ando S, Yu RK (1978) J Lipid Rest 9:538-43. 
21. Gasa S, Makita A, Kinoshita Y (1983) J Biol Chem 258:876-81. 
22. Hirabayashi Y, Nakao T, Matsumoto M, Obata K, Ando S (1988) 

J Chromatogr 445:377-84. 
23. Wherrett JR (1973) Biochim Biophys Acta 326:63-73. 
24. Nilson O, Mansson JE, Tibblin E, Svennerholm L (1981) FEBS 

Lett 133:197-200. 
25. Suzuki Y, Suzuki T, Matsunaga M, Matsumoto M (1985) 

J Biochem 97:1189-99. 
26. Hasegawa A, Hotta K, Kameyama A, Ishida H, Kiso M (1991) 

J Cabohydr Chem 10:439-59. 
27. Svennerholm L (1957) Biochim Biophys Acta 24:604-11. 
28. Xu G, Suzuki T, Tahara H, Kiso M, Hasegawa A, Suzuki Y 

(1994) J Biochem 115:202-7. 


