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Abstract

A p od em us d raco and A . p en insu lae are the tw o species qu ite sim ilar in mo rpho logical char2
acters. In o rder to exp lo re som e diagno st ic m eans of the b iochem ical taxonom y of the tw o

species, LDH , EST and SOD isozym esw ere iso lated from leg m uscles, b reast m uscles, hearts,

k idneys, livers, sp leens, lungs and b rain s of A . d raco and A . p en insu lae and w ere analyzed

by isoelectric focusing w ith PA GE. D ist inct in terspecific differences w ere found in EST and

SOD electropho regram s, bu t no t found in LDH electropho regram s. It w as suggested that A .

d raco and A . p en insu lae cou ld be unequ ivocally dist ingu ished by the p resence o r absence of A 2

band in EST isozym es o r by the varia t ions of isoelectric po in t (p I) of m ain bands in SOD

isozym es.
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　　T he taxonom ic rela t ion s w ith in the genu s A p od em us are un stab le and of con sider2
ab le in terest becau se of the d iff icu lty of classifying species by m o rpho log ica l techn iques.

W ith in the genu s, A . d raco and A . p en insu lae are the tw o ch ief m em bers of the subgenu s

S y lvaem us in Ch ina, and qu ite sim ila r either m o rpho log ica lly o r eco log ica lly. T he diff icu l2
ty has been ex ist ing in d ifferen t ia t ing them , even though som e varied m o rpho log ica l tax2
onom ic criteria had been p ropo sed (A llen, 1940; Co rbet, 1978; Feng et a l. , 1986). M o re2
over, som e m o rpho log ica l d ifferen t ia t ion betw een the tw o species, such as tha t in the

p ropo rt ion of leng th of body to the length of ta il, m ay be sign if ican t in the sou th, bu t

sligh t in the no rth of Ch ina.

In the la tely decades, the stud ies on isozym es have p ropo sed a lo t of im po rtan t in2
fo rm at ion fo r ana lyzing genet ic varia t ion s, evo lu t ionary and taxonom ic rela t ion sh ip s of

na tu ra l popu la t ion s. How ever, on ly a lit t le info rm at ion concern ing A . d raco and A . p en in2
su lae is a t p resen t ava ilab le (M a et a l. , 1989; W ilson et a l. , 1993).
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T he p resen t research a im s at studying the d ifferences of som e isozym e system s be2
tw een A . d raco and A . p en insu lae, and exp lo ring som e diagno st ic m ean s of the b iochem i2
ca l taxonom y of the tw o species.

M ATER IAL S AND M ETHOD S

1. Exper im en ta l an ima ls

Fou r specim en s of A . d raco w ere co llected from M en tougou dist rict of Beijing and

seven specim en s of A . p en insu lae co llected from Changp ing coun ty of Beijing. T he an i2
m als w ere co llected from A ugu st to O ctober, 1994, as w ell as a ll adu lt and hea lthy.

A . ag ra rius , w h ich belongs to the o ther subgenu s (A p od em us) of the genu s A p od e2
m us, w as u sed as a reference, fo r itπs genera lly agreed tha t th is species is a d ist inct ive

one. It w as expected tha t the electropho resis resu lts of A . ag ra rius w ou ld be help fu l to

ana lyzing the degree of the isozym ic d ifferen t ia t ion betw een A . d raco and A . p en insu lae.

2. Sam ple prepara tion

E igh t t issues ( leg m u scle, b reast m u scle, heart, k idney, liver, sp leen, lung and

b ra in) of the th ree species w ere hom ogen ized in an ice ba th, w ith 1 g t issues in 2 m l can

sugar so lu t ion (20% w öv). T he hom ogenates w ere then cen trifuged at 5 000 g fo r 10 m in

at 4℃ and the superna tan ts rem oved and u sed fo r sub sequen t ana lysis.

3. Isoelectr ic focusing

Isoelectric focu sing w ith PA GE w as carried ou t as described by L i et a l1 (1986a,

b). T he am pho line w as m anufactu red by the Ch inese M ilita ry A cadem y of M edica l Sci2
ences, Beijing, w ith pH 310～ 915. T he electropho resis w as perfo rm ed fo r 5 h in a refrig2
era to r kep t a t 4 ℃, w ith an in it ia l cu rren t of 12 mA and in it ia l vo ltage of 38 v, and a fina l

vo ltage of 580 v.

4. Sta in ing and f ix ing procedures

T he sta in ing so lu t ion and incubat ing p rocedu re u t ilized to visua lize enzym es fo l2
low ed the m ethods of L iu et a l. (1985) fo r LDH , M a et a l. (1989) fo r EST , and W endel

et a l1 (1989) fo r SOD.

T he determ in ing of pH , the fix ing and drying of gel slab w ere a ll perfo rm ed as de2
scribed by L i et a l1 (1986a, b).

T he experim en ts w ere repea ted severa l t im es and no sign if ican t in traspecif ic d iffer2
ences w ere found.

RESUL TS

1. Lacta te dehydrogena se

A s the o ther m amm als, t issue specif icit ies ob served in LDH isozym es from the

species under study w ere d ist inct. Am ong all LDH zym ogram s of the eigh t t issues exam 2
ined, tho se of b ra in s and k idneys are the clearest and the m o st com p lete, therefo re,

w ere stud ied tho rough ly.

—503—
© 1995-2005 Tsinghua Tongfang Optical Disc Co., Ltd.   All rights reserved.



In the zym ogram s of b ra in s, as show n in P la te I- a, the bands cou ld be divided in to

five classes acco rd ing to their p I: class A betw een pH 516～ 517, class B betw een pH 518

～ 611, class C betw een pH 612～ 613, class D betw een pH 614～ 617, and class E betw een

pH 618～ 714. Sim ila r pa t tern s in class A , B , C and E w ere ob served fo r A . d raco and

A . p en insu lae. Bo th of the species have tw o bands in class A and C, th ree in class B ,

fou r in class E; the p I of the co rresponding bands from differen t species is the sam e. T he

ch ief varia t ion s betw een the tw o species lie in class D: in A . d raco fou r bands cou ld be

recogn ized clearly a lthough D 1 and D 2 are near to each o ther, w hereas in A . p en insu lae

D 1 and D 2 m erge in to a sing le w ho le.

A s fo r the k idney zym ogram of A . p en insu lae , D 1, D 2 and D 3, D 4 m erge respect ively,

and the B 3 band is sligh ter than tha t of A . d raco.

Sim ila r pa t tern s cou ld be found in A . ag ra rius, w ith fou r bands in class D bo th in

b ra in and k idney, and w ith sligh ter B 3 in k idney.

2. Estera se

E sterase cou ld be divided in to Α2EST and Β2EST acco rd ing to the d ifferen t sub2
st ra tes u t ilized in the experim en ts, the fo rm er w ith Α2N aph tho l aceta te and the la t ter

w ith Β2N aph tho l aceta te. Bo th Α2EST and Β2EST are m u lt ip le in each of the eigh t t issues

of the species exam ined.

T he Α2EST zym ogram s of the leg m u scle, b reast m u scle and lung t issues fo r the

species stud ied are show n in P la te I- b. In terspecif ic d ifferences w ere seen very grea t in

the anodic area (class A ) w ith a p I ranging betw een pH 315～ 511. W ith in th is class, fou r

dark bands (A 1, A 2, A 3, and A 4) and one ligh t band (A 5) cou ld be recogn ized fo r A . d ra2
co, w ith A 3 and A 4 u sua lly being jo in t together in to a p redom inan t band; w hereas, A 2 is

ab sen t and A 3, A 4 are ligh ter fo r A . p en insu lae. A s regards the o ther area of the zym o2
gram s, the bands are u sua lly ligh ter, and there are no sign if ican t in terspecif ic d ifferences

excep t the act ivity of som e co rresponding bands from variou s species.

Sim ila r in terspecif ic varia t ion s cou ld be ob served in the Α2EST zym ogram s of

hearts, sp leen s and b ra in s fo r A . d raco and A . p en insu lae. In k idneys and livers, how ev2
er, th ings are d ifferen t: the bands w ith in class A are u sua lly ligh t bo th in A . d raco and

in A . p en insu lae, a lthough A 2 is p resen t in the fo rm er; the act ivity d ifferences betw een

the co rresponding bands from variou s species are very obviou s in the in term edia te parts

of Α2EST zym ogram s betw een pH 516～ 613, w here som e bands are dark and connected

in A . p en insu lae bu t ligh t and separa ted in A . d raco.

A lthough m arkedly d ifferen t as d iscu ssed above, the tw o species are the sam e in p I

of A 1 bands, w h ich loca tes a t pH 316, and differen t from A . ag ra rius in w h ich the p I of

A 1 bands loca tes a t pH 410 . It takes a lo t of w o rk to do to determ ine w hether the varia2
t ion in p I of A 1 bands rep resen ts an im po rtan t d ifference betw een the tw o subgenu s.

In the Β2EST zym ogram s, the p resence o r ab sence of A 2 band is st ill the m o st d is2
t inct d ifference betw een A . d raco and A . p en insu lae.

3. Superox ide d ism uta se

—603—
© 1995-2005 Tsinghua Tongfang Optical Disc Co., Ltd.   All rights reserved.



It w as ob served in the experim en t tha t the SOD zym ogram s are qu ite sim ila r fo r

variou s t issues of the sam e species. T he k idneys, lungs and leg m u scles pa t tern s are

show n in P la te I- c. It shou ld be no ted tha t in th is pho tograph the bands are ach rom atic

becau se of negat ive sta in ing react ion.

A s show n in P la te I- c, eigh t bands ( six anodic bands, one in term edia te band as

w ell as one ca thodic band) cou ld be recogn ized in A . p en insu lae, bu t the six th (SOD 2
6) is ab sen t in A . d raco. SOD 24 m igra t ion is m o re anodic in A . p en insu lae than in A .

d raco, so is SOD 28. W ith the d ifferences as m en t ioned above, m o st of bands are on ly

sligh t ly p resen t and diff icu lt of recogn it ion, thu s m ak ing it a lm o st im po ssib le, in fact,

to u se them fo r taxonom ic com parison. SOD 25 from A . p en insu lae and SOD 23 from A .

d raco are, in con trast, p redom inan t in a ll t issues exam ined and m arkedly species specif ic

in p I: the fo rm er a t pH 614, bu t the la t ter a t pH 518. It is obviou s tha t the tw o bands

cou ld be con sidered diagno st ic fo r the tw o species.

Com paring the zym ogram s of the tw o species to tho se of the con tro l A . ag a rius, it

cou ld be ob served tha t the d ifferences in p I of m ain bands are sign if ican t yet fo r the

species of variou s subgenu s.

D ISCUSSION

　　Am ong the th ree isozym e system s stud ied, LDH is an im po rtan t system and often

u sed in ana lyzing evo lu t ionary and taxonom ic rela t ion sh ip s of na tu ra l popu la t ion s. A s

regards the com parision on the characters of LDH am ong species w ith in the sam e genu s

o r even the sam e subgenu s, a lo t of w o rk has been done (Page, 1973; R ainbo th, 1974;

Basag lia, 1991; Camm ara ta et a l. , 1991; Sh i et a l. , 1984; N ie et a l. , 1995; L i et a l. ,

1987; W ang et a l. , 1989; Zhou et a l. , 1990; Zhang et a l. , 1992). It cou ld be found

from these stud ies tha t the effect of LDH isozym es on the b iochem ica l taxonom y m igh t

be d ifferen t fo r d ifferen t group s of an im als.

T he resu lts of the p resen t w o rk show ed tha t the in terspecif ic d ifferences in LDH zy2
m ogram s are sligh t, no t on ly betw een A . d raco and A . p en insu lae bu t a lso betw een them

and A . ag ra rius. T herefo re, LDH isozym es seem no t to be sa t isfacto ry enough fo r the

b iochem ica l taxonom y of the genu s A p od em us.

Fo r studying evo lu t ionary and taxonom ic rela t ion sh ip s of popu la t ion s, EST

isozym es m ay p rove part icu la rly u sefu l, as they do no t con st itude a sing le isozym ic se2
ries, bu t ra ther a w ho le tra in of such series (A rnason et a l. , 1966). F rom p reviou s w o rk,

it seem s tha t the EST zym ogram s are often m arkedly d ifferen t in the d ifferen t species of

the sam e genu s o r subgenu s, o r even in the d ifferen t m u tan ts of the sam e species (M iao

et a l. , 1980; Ye et a l. , 1984; L i et a l. , 1986a; H uang et a l. , 1985, 1988; W ang et

a l. , 1992). It w as on the basis of the com para t ive stud ies on the EST zym ogram s of the

genu s A p is tha t L i et a l1 (1986a) p roved there are six independen t species w ith in the A p is

ra ther than fou r species tha t w as though t befo re. F rom the resu lts of ou r w o rk, EST

isozym es w ere tu rned ou t to be of d iagno st ic va lue fo r A . d raco and A . p en insu lae, part ic2
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u larly by the p resence of the A 2 band in A . d raco.

Superox ide d ism u tase, a lso being ca lled tet razo lium ox idase (TO ) , is an an t iox id ian t

enzym e cata lyzing the detox if ica t ion of the superox ide rad ica l. It is ju st less than th ree

decades since the enzym e w as u sed in judging phylogenet ic rela t ion sh ip s and so lving tax2
onom ic p rob lem s (John son et a l. , 1970; Page et a l. , 1973). By exam in ing the pa t tern s

of seven isozym e system s and of genera l p ro tein s from som e tissues of tw o species of the

genu s M u llus , Camm ara ta et a l. (1991) found the SOD isozym e as w ell as genera l p ro2
tein s of the m u scle species2specif ic. M o reover, H e et a l. (1993) researched the sign if i2
cance and effect to app ly the ana lyt ic m ethod of SOD isozym es to m amm alian taxonom y,

w ith ba ts and m u rids as m atera ls, and though t SOD isozym e is a very u sefu l too l en2
zym e to dist ingu ish new species o r evo lu t ion of m amm als. Based on the resu lts ob ta ined

in ou r experim en ts, SOD isozym es p roved to be good ind ica to rs of the b iochem ica l taxon2
om y of the genu s A p od em us.

In a w o rd, as d iscu ssed above, A . d raco and A . p en insu lae are m arkedly d ifferen t

in their electropho regram s of som e isozym es even though they are qu ite sim ila r in m o r2
pho log ica l characters. T hey cou ld be unequ ivoca lly d ist ingu ished from each o ther by the

p resence o r ab sence of A 2 band in EST isozym es and by the varia t ion of p I of m ain bands

in SOD isozym es. Fu rtherm o re, by analyzing the sta t ist ica l rela t ion s betw een b iochem ica l

characters and m o rpho log ica l characters, it is po ssib le to find som e good dist ingu ish ing

m o rpho log ica l characters so as to u se them in the taxonom y of the tw o species.
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中　文　摘　要

中华姬鼠与大林姬鼠的同工酶差异
傅必谦　陈　卫　高　武　张可心　袁　虹　芮朝胜

(首都师范大学生物系, 北京, 100037)

李举怀
(北京市农林科学院, 北京, 100081)

　　中华姬鼠 (A p od em us d raco) 和大林姬鼠 (A p od em us p en insu lae) 是形态学上十分相似的两种鼠类。

为了对两种姬鼠的分类提供生物化学方面的依据, 采用聚丙烯酰胺凝胶等电聚焦电泳方法比较和分析

了两种姬鼠的LDH 同工酶、EST 同工酶和 SOD 同工酶的差异。结果表明, 两种姬鼠的LDH 同工酶酶

谱基本相似, 而 EST 同工酶和 SOD 同工酶酶谱则存在明显的种间差异。根据 EST 同工酶A 2带的有无

和 SOD 同工酶主带等电点的差别, 能将两种姬鼠很容易区分开来。

关键词　中华姬鼠; 大林姬鼠; LDH 同工酶; EST 同工酶; SOD 同工酶; 生化分类

(上接第313页)

　　 (3) 甘孜州主要采伐利用的森林是冷杉、云杉林, 这不是黑熊的栖息环境, 因而黑熊的栖息地保

存较好; 尽管70年代以前黑熊作为农牧业的害兽, 奖励群众猎杀, 但因食物充足、交通不便、地广人稀、

人口密度低等因素仍然保存有丰富的资源和一定的种群数量。

5. 保护对策

(1) 做好保护野生动物的宣传教育工作, 充分利用当地群众信奉藏传佛教的宗教信仰“不杀生”, 保

护好黑熊资源。

(2) 加强法制建设, 认真宣传贯彻《野生动物保护法》。当地群众有狩猎习惯, 尤其黑熊胆是名贵药

材, 熊掌是山珍, 仍有不法分子偷猎; 各地应加强野生动物保护法的贯彻落实, 一旦发现违法者, 坚决

依法严惩。

(3) 加强黑熊资源的调查研究。尽管目前甘孜地区的黑熊资源较丰富, 我们仍然要保护好黑熊的栖

息地, 严禁乱砍滥伐。同时研究黑熊的生态特性、探索种群变化动态及发展趋势, 提出相应的对策, 保

护资源。

关键词　 黑熊 ; 数量; 分布; 保护
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