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Abstract

Apodenus draco andA. peninsulae are the wo eciesquite smilar inmorphological char-
acters In order to explore some diagnostic means of the biochemical taxonomy of the two
gecies, LDH, EST and OD izymesw ere ilated from legmuscles, breast muscles, hearts,
kidneys, livers, sleens, lungsand brainsof A. draco andA. peninsulae andw ere analyzed
by iwelectric focusing with PA GE Distinct intergecific differencesw ere found in EST and
0D electrophoregrams, but not found in LDH electrophoregrams It w as suggested that A.
draco andA. peninsulae could be unequivocally distinguished by the presence or absence of A 2
band in EST isozymes or by the variations of iselectric point (p1) of main bands in SOD
iDzymes
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i-nzymes Biochenical taxonomy

The taxonom ic relationsw ithin the genusApodenus are unstable and of consider-
able interest because of the difficulty of classifying species by morphological techniques
W ithin the genus,A. draco andA. peninsulae are the two chief membersof the subgenus
Sy lvaanus in China, and quite similar eithermorphologically or ecologically. T he difficul-
ty hasbeen existing in differentiating them, even though some varied morphological tax-
onom ic criteria had been proposed (A llen, 1940; Corbet, 1978, Feng et al , 1986). M ore-
over, omemorphological differentiation betw een the two gecies, such as that in the
proportion of length of body to the length of tail, may be significant in the south, but
slight in the north of China

In the lately decades, the studieson isozymes have proposed a lot of mportant in-
formation for analyzing genetic variations, evolutionary and taxonom ic relationship s of
natural populations How ever, only a little information concerningA. draco andA. penin-
sulae is at present available (M aet al , 1989, W ilson et al , 1993).
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Thepresent research aim s at studying the differences of ssme isozyme systen s be-
tween A. dracoandA. peninsulae, and exploring som e diagnosticm eansof the biochem i-
cal taxonomy of the twwo gecies

M ATERIAL SAND M ETHOD S

1 Expermental animals

Four gpecimensof A. dracow ere collected from M entougou district of Beijing and
seven pecimensof A. peninsulae collected from Changping county of Beijing T he ani-
malsw ere collected from A ugust to October, 1994, aswell as all adult and healthy.

A. agrarius, w hich belongs to the other subgenus (Apodemus) of the genusApode-
mus, was used as a reference, for it's generally agreed that this ecies is a distinctive
one Itwasexpected that the electrophoresis resultsof A. agrariuswould be helpful to
analyzing the degree of the isozymic differentiation between A. draco andA. peninsulae
2 Sample preparation

Eight tissues (legmuscle, breastmuscle, heart, kidney, liver, sleen, lung and
brain) of the three eciesw ere homogenized in an ice bath, with 1 g tissuesin 2m| can
sugar lution (20% w /). The homogenatesw ere then centrifuged at 5000 g for 10miin
at 4 and the supernatants ranoved and used for subsequent analysis
3 Isoelectr ic focusing

Ioelectric focusing w ith PA GE w as carried out as described by L i et al. (19864,
b). The anpholinew asmanufactured by the ChineseM ilitary A cademy of M edical Sci-
ences, Beijing, withpH 3.0 9.5 Theelectrophoresiswasperformed for 5 h in a refrig-
erator kept at 4 ,w ith an initial current of 12mA and initial voltage of 38 v, and a final
voltage of 580 v.

4 Staining and fixing procedures

The staining solution and incubating procedure utilized to visualize enzymes fol-
low ed themethodsof L iu et al (1985) forLDH,M aet al (1989) for EST, andW endel
et al. (1989) for 0OD.

The determ ining of pH, the fixing and drying of gel slabw ere all performed as de-
scribed by L i et al. (1986a, b).

The experimentsw ere repeated several times and no significant intragecific differ-
encesw ere found

RESULTS

1 L actate dehydrogenase

A s the other manmals, tissue Pecificities observed in LDH iozymes from the
gecies under study w ere distinct Among allLDH zymogram sof the eight tissues exam-
ined, those of brains and kidneys are the clearest and the most complete, therefore,
w ere studied thoroughly.
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In the zymogram sof brains, as show n in Plate I- a, the bands could be divided into

five classes acoording to theirpl: classA betweenpH 5.6 5.7, classB between pH 5.8
6.1, classC betweenpH 6.2 6.3, classD betweenpH 6.4 6.7, and class E betw een

pH 6.8 7.4 Smilarpatternsin classA, B, C and Ewereobserved forA. draco and
A. peninsulae Both of the gecies have two bands in classA and C, three in classB,
four in classE; theplof the correponding bandsfrom different peciesisthe same The
chief variations betw een the wo ecies lie in classD: inA. draco four bands could be
recognized clearly although D1 and D2 are near to each other, whereasinA. peninsulae
D:and D2merge into a singlew hole

A s for the kidney zymogram of A. peninsulae ,D1,D2andDs, Dsmerge regectively,
and theBs band is slighter than that of A. draco

Similar patterns could be found inA. agrarius, with four bands in classD both in
brain and kidney, andw ith slighter Bs in kidney.
2 Esterase

Esterase could be divided into &EST and SEST according to the different sub-
strates utilized in the experments, the former with ooN aphthol acetate and the latter
w ith BN gphthol acetate Both o-EST and FEST aremultiple in each of the eight tissues
of the pecies exanined

The otEST zymogram s of the leg muscle, breast muscle and lung tissues for the
gecies studied are show n in Plate I- b Intergecific differencesw ere seen very great in
theanodic area (classA ) with apl ranging between pH 3.5 5.1 W ithin thisclass, four
dark bands (A 1,A2,A 3, andA 4) andone light band (A s) could be recognized forA. dra-
co, with AsandA susually being joint together into apredom inant band; w hereas, Az is
absent and A s, Asare lighter forA. peninsulae A sregards the other area of the zymo-
gram s, the bands are usually lighter, and there are no significant interecific differences
except the activity of some correponding bands from various gecies

Smilar intergecific variations could be observed in the o®EST zymograns of
hearts, Pleensand brainsforA. dracoandA. peninsulae In kidneysand livers, how ev-
er, things are different: the bandsw ithin classA are usually light both inA. draco and
in A. peninsulae, althoughA:ispresent in the fomer; the activity differences betw een
the correponding bands from various gecies are very obvious in the interm ediate parts
of ®-EST zymogransbetween pH 5.6 6.3, where some bands are dark and connected
inA. peninsulae but light and separated inA. draca

A Ithough markedly different as discussed above, the two eciesare the saneinpl
of A 1bands, which locatesat pH 3.6, and different from A. agrarius inw hich thep | of
A1 bands locatesat pH 4.0. It takesa lot ofwork to do to determ inew hether the varia-
tion in plof A1 bands represents an mportant difference betw een the two subgenus

In the BEST zymograns, thepresenceor absence of Az band is still themost dis-
tinct difference between A. draco and A. peninsulae
3 Superoxide disnutase
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It was observed in the experment that the SOD zymograns are quite similar for
various tissues of the same gecies The kidneys, lungs and leg muscles patterns are
shown in Plate I- ¢ It should be noted that in thisphotograph the bands are achrom atic
because of negative staining reaction

A s shown in Plate I- ¢, eight bands (six anodic bands, one intem ediate band as
w ell as one cathodic band) could be recognized in A. peninsulae, but the sixth (0D-
6) isabsent inA. draco S0OD-4migration ismore anodic inA. peninsulae than inA.
draco, 2 is30OD-8 W ith the differences asmentioned above, most of bands are only
slightly present and difficult of recognition, thusmaking it aimost mpossible, in fact,
to use than for taxonomic comparison SOD-5from A. peninsulae and SOD -3 from A.
draco are, in contrast, predom inant in all tissues examined and markedly ecies Pecific
inpl: thefomer at pH 6.4, but the latter at pH 5.8 It isobvious that the two bands
could be considered diagnostic for the two gecies

Comparing the zymogram sof the wo gecies to those of the control A. agarius, it
could be observed that the differences in pl of main bands are significant yet for the
gecies of various subgenus

D ISCUSSION

Among the three izyme systen s studied, LDH is an mportant systen and often
used in analyzing evolutionary and taxonomic relationships of natural populations A's
regards the comparision on the charactersof LDH anong eciesw ithin the same genus
or even the same subgenus, a lot of work has been done (Page, 1973; Rainboth, 1974
Basaglia, 1991, Canmarataet al , 1991, Shietal , 1984, Nieetal , 1995 Lietal ,
1987, Wang et al , 1989, Zhou et al , 1990, Zhang et al , 1992). It could be found
from these studies that the effect of LDH isozymeson the biochanical taxonomy might
be different for different groupsof anmals

The resultsof thepresentwork show ed that the intergecific differencesinLDH zy-
mogram s are slight, not only betweenA. draco andA. peninsulae but also betw een them
andA. agrarius Therefore, LDH isozymes sean not to be satisfactory enough for the
biochamical taxonomy of the genusApodenus

For studying evolutionary and taxonomic relationships of populations, EST
isnzymesmay prove particularly useful, as they do not constitude a single isozymic se-
ries, but rather aw hole train of such series (A rnason et al , 1966). From previouswork,
it sean s that the EST zymogram s are of ten markedly different in the different geciesof
the same genusor subgenus, or even in the different mutantsof the same pecies (M iao
etal , 1980, Yeetal , 1984 Lietal , 1986a, Huang et al , 1985, 1988, W ang et
al , 1992). Itwason the basisof the comparative studieson the EST zymogram sof the
genusApis thatL i et al. (1986a)proved there are six indgpendent peciesw ithin theApis
rather than four gecies that w as thought before From the resultsof ourwork, EST
inzymesw ere turned out to be of diagnostic value for A. draco andA. peninsulae, partic-
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ularly by the presence of theA:2band inA. draco

Superoxide disnutase, al® being called tetrazolium oxidase (TO), isan antioxidiant
enzyme catalyzing the detoxification of the superoxide radical It is just less than three
decades since the enzymew as used in judging phylogenetic relationshipsand olving tax-
onomic problens (Johnson et al , 1970, Pageet al , 1973). By exanining the patterns
of seven i-nzyme systan s and of general proteinsfrom some tissuesof two Peciesof the
genusM ullus, Canmarataet al (1991) found the SOD isozyme asw ell as general pro-
teins of themuscle pecies pecific M oreover, Heet al (1993) researched the signifi-
cance and effect to apply the analyticmethod of SOD isozymes to manmalian taxonomy,
w ith bats and murids asmaterals, and thought SOD iozyme is a very useful tool en-
zyme to distinguish nev geciesor evolution of manmals Based on the resultsobtained
in our experiments, SOD isnzymesproved to be good indicatorsof the biochemical taxon-
omy of the genusApodenus

In aword, asdiscussed above, A. draco andA. peninsulae aremarkedly different
in their electrophoregran sof some isnzymes even though they are quite similar in mor-
phological characters They could be unequivocally distinguished from each other by the
presence or absenceof A 2band in EST isozymesand by the variation of p | of main bands
in OD inzymes Furthemore, by analyzing the statistical relations betw een biochem ical
characters and morphological characters, it ispossible to find some good distinguishing
morphological characters 90 as to use than in the taxonomy of the two ecies
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