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Abstract　 Iso zyme elec tropho resis w as used to identify the larv ae of 7 species of penaeid

praw n: Penaeus merguiensis, P . penicillatus, P . orientalis, P . monodon , P . japonicus ,

Metapenaeus ensis and M . af finis taken from th e ar tificia l nur se ry plants. The 7 species were

examined fo r estera se in tw o development stag es ( mysis and megalopa substag e) . A key to en-

zyme spec tra o f esterase, in the 7 species o f penaeid pr aw n at la rv al stag e, wa s suggested. The

majo r fac to r s affecting the elect ropho retic identifica tion system w hen being applied were dis-

cussed.
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Since the 1970s, ov erfi shing o f praw ns has almost exhausted their resource in China.

In o rder to rational ly manage and conserv e the praw n resource in the Chinese coastal zone,

a ttention has been focused on the praw n resource moni to r, evaluation and propaga tion in

the of fshore area. It is no ticed tha t one o f the major obstacles is the dif ficul ty in identify-

ing the species o f praw n a t the la rv al development stag es. For penaeid praw n, al though

the tax onomy o f the adul t stag e is relativ ely w el l know n and good keys are available
[1 ]
, the

tax onomy of ea rlier stag es is poorly documents. Available keys to the identification o f

postla rv ae and juveniles are ei ther rest ricted in species and geog raphic coverage o r limi ted

to the lev el of species g roups. In an at tempt to remedy this situa tion, Ro thlisberg et al
[2 ]

and Heales et al[3 ] used numerical tax onomy to identify the larval and po st larv al stag es re-

spectiv ely through discriminatory analy sis o f known specimens. Although this technique

w o rks satisfacto ri ly fo r planktonic larvae and postlarvae, i t does no t yield reliable results

fo r benthic postla rv al specimens. To resolv e this key problem , this paper t ries to study

and compa re the enzyme spect rum cha racteristics of dif ferent species o f praw n in dif ferent

la rv al stag es by using isozyme electrophoresis. It is aimed a t identifying the species of indi-

vidual praw n larv ae and po st larv ae, and at streamlining the ex isting techniques fo r rapid i-

denti fica tion of la rg e numbers o f larv ae and postla rv ae.
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1　Materials and Methods

The la rv al samples fo r iso zyme analysis w ere co llected f rom the a rtificial nursery

plants in Shenzhen and Zhuhai cities. They w ere second mysis, P2- 5 ( post larv a, mean body

leng th 4. 0 ～ 6. 0 mm ) fo r P . oriental is , P . penicil latus and P. merguiensis , and second

mysis, P2- 5 and P9- 10 ( mean body leng th 7. 5～ 11. 0 mm ) fo r P .monodon , Metapenaeus en-

sis and M. af f inis , a nd only P10- 12 ( mean body leng th 10. 0～ 12. 0 mm ) fo r P . japonicus.

The larval samples col lected w ere immersed in liquid ni t rogen ( - 196℃ ) fo r preserv ation

during t ranspo rta tion f rom the plant to the labora to ry. The la rv ae analy zed w ere about 15

mg w et samples, and collected at the same developmental stag e. They w ere being identi-

fied carefully under a dissecting microscope and th en transfer red to a micro-homogenizer

prior to the addition o f 1. 0 mL 20% sucrose solution and tritura ted in ice-wa ter ba th. The

homogenates w ere centri fuged at 13 000～ 15 000 g for 10 min and most o f the cell debris

w as separated f rom the supernatant at a tempera ture below 10℃ . Approximately 50 or

100μL of the supernatant was then used for continuous polyacry lamide gel elect ropho re-

sis. Details of electrophoresis w ere described by Li
[4 ] . Fo llowing the elect ropho resis, g els

w ere stained fo r esterase
[5 ]

and incubated until bands appeared, usually 30 to 60 min la ter,

w ashed wi th distilled wa ter and fix ed in 7% acetic acid.

2　 Results

2. 1　 Esterase isozyme changes in mysis stage

Considerable iso zyme changes occur in 5 species of praw ns in the mysis stag es ( Fig.

1) . In all o f them, there is a simi lar enzyme band nea r the nega tiv e elect rode. Three kinds

o f esterase are present in P.orientalis and P .monodon. Among st them, enzyme band E3 i s

simi lar, E2 of P. oriental is i s somewhat simi lar to E1 of P. monodon , but the former is the

narrow band g radeⅠ and the lat ter is the narrow band gradeⅢ . Four enzyme bands ap-

pea r in P. penicillatus and M. af f inis , fiv e bands are found in P. monodon, P. penicillatus

and M. ensis. It is apparent that each species has a unique enzyme spect rum cha racteristics

and the di fferences among these species a re highly rema rkable.

Fig. 1　 Electropho re tog rams o f esterase in 5 species of penaeid praw ns in the second mysis stag e

( Values below o rdina te a re r ela tively mobile)

2. 2　 Esterase isozyme changes in postlarval stages

The esterase o f postlarvae of 7 species in P2- 5 stag e, except P . japonicus in P10- 12

stag e, is studied ( Fig. 2) . Th ree to six enzyme bands are exhibi ted; a similar band near

the nega tiv e elect rode is present in all 7 species. Three enzyme bands, all narrow band

g rade Ⅰ , are obtained in P . penicillatus. Four enzyme bands a re observ ed in M. ensis.
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They are one broad band g radeⅠ , one narrow band g radeⅢ and tw o narrow bands g rade

Ⅰ . Fiv e enzyme bands a re found in P .orientalis and P. monodon , of which one is broad

band g radeⅠ and the remainder nar row bands g radeⅠ . Six enzyme bands are in exis-

tence in P .merguiensis and M. af f inis. In the former, esterase E5 is broad band g radeⅠ
and the remainder are nar row bands g radeⅠ . In the la tter, esterase E4 i s narrow band

g radeⅢ , E5 i s narrow band g radeⅡ , E1 , E2 , E3 and E6 a re nar row bands g radeⅠ . For

P . japonicus in P10- 12 stage, six kinds of esterase are rev ealed. Except enzyme band E5 i s

narrow band g radeⅡ , all are na rrow bands g radeⅠ . Al though the postlarvae of dif ferent

species are in the same developmental stag e, thei r enzyme spect ra a re v aried. It indica tes

there are remarkable dif ferences among the species.

In acco rdance wi th the relativ e mobili ty o f esterase iso zyme, th e enzyme bands in Fig.

2 can be divided into four dense regions, namely , region A ( 0. 00～ 0. 10, rela tiv e mobili-

ty , Rm. ) , B( 0. 10～ 0. 30) , C( 0. 31～ 0. 60) , and D( 0. 61～ 0. 85) . Observ ations show tha t

the enzyme spect ra among 5 species of Penaeus were simila r to a cer tain deg ree. The es-

terase fo r P .oriental is , P .monodon and P .merguiensis are dist ributed in regions A, C, and

D, whereas, the bands in region D a re found overlapping fo r P . penicillatus and P . japoni-

cus , the esterase are dist ributed only in regions A and C. there a re considerable dif ferences

in the ca se of the enzyme spect ra betw een Metapenaeus and Penaeus. It is dist ributed in

four dense regions fo r Metapenaeus. This no t only indicates that these a re di fferences in

esterase, but also rev eals their relationship in evolution.

Fig. 2　 Electropho re to g rams o f esterase in the postlarv al sta ge o f 7 species o f penaeid prawns

( Values below o rdina te a re r ela tively mobile)

　　 To a scer tain the changes of isozyme during i ts development , the esterase in 3 species

have been examined in P2- 5 and P9- 10 stag es. The dif ferences displayed on the elec-

trophoreto g rams are plainly v isible. Six kinds o f esterase are present betw een P2- 5 and

P9- 10 stage, but the pa tterns a re di fferent for the 3 species ( Fig. 3 ) . For P .monodon , es-

terase 3 and 6 a re alw ays present, w hi le esterase 1 and 5, found in P2- 5 stag e, disappear in

P9- 10 stag e, and esterase 4 appears abruptly in P9- 10 stag es. For M. ensis in P2- 5 stage, on-

ly 4 esterase bands , but in P9- 10 stag e, addi tional isozyme bands 1 and 3 appea r. Fo r M.

af f inis , iso zyme bands are varied a s the same trend as the tw o species stated above. Six
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Fig . 3　 The com parison o f enzyme spectra of ester ase in po stla rva l stag e of 3 species o f pr aw ns

( Values below o rdina te a re r ela tively mobile)

kinds of esterase are present in P2- 5 stag e, but esterase 3, 4 and 5 disappear suddenly and

no new bands appea r in P9- 10 stage. All this indicates tha t changes of iso zyme occur in pe-

naeid praw ns.

3　 Discussion

It is of g reat importance to identify the species of penaeid praw ns in th e la rv al and

postla rv al stag es using the eco logical theo ry concerning the dynamics of ma rine popula-

tions. In recent years, many scientists have been trying to probe into valid methods fo r re-

solv ing this key problem. Now , it i s encourag ing tha t qui te a few rela tively ef fectiv e meth-

ods have been put into practice. Besides the numerical tax onomy
[2 ]
, Lavery et al

[6 ]
devel-

oped allo zyme elect rophoresis to identify the po st larv ae of two species o f tiger praw ns, P.

esculentus and P. semisulcatus. His studies indicated that glucose 6 phospha te isomerase

( GPI) w as the only enzyme locus examined which could be used successfully in identifying

the species of po st larval tig er praw ns. This technique is a g reat improvement in the accu-

racy, ef ficiency and cost of identi fica tion.

Since M arket and M ullor fi rst advanced the concept o f“ iso zyme” during 1957～ 1959,

w ith the improvement of the methods o f iso zyme analysis and isolation, isozyme iso lation

has become an impo rtant technique for studying biological phenomena at the molecular lev-

el and i t has been widely applied. M uch info rmation has been obtained on aquatic animals

through isozyme analysis
[4, 7, 8 ] . These studies showed that the iso zyme spect rum character-

istics rev ealed remarkable species-speci fici ty , tissue-speci fici ty and development-speci fici-

ty. The present study proves that iso zyme elect ropho resis is also an effectiv e technique for

identi fying the species o f praw ns at larval stag e. How ever, i t must be pointed out tha t the

following condi tions must be met w hen using this technique for identi fying the species be-

tw een praw ns. Fi rst ly , synchronized compa rison between dif ferent development stag es is

necessary because o f the changes of iso zymes occurred in penaeid praw ns during the period

o f development
[ 4] . Secondly , i t is ex t remely dif ficult to identi fy the species of praw ns a t

the nauplius and proto zoa stages, because individuals at these stages a re to o small to have

thei r i so zyme change examined by taking a single la rva as a sample. Only af ter the praw ns

develop to the M ysis stage, when their av erage body leng ths range f rom 4 to 5 mm , is i t

possible to analy ze thei r isozyme changes, using a sing le individual as a sample. Besides,

82 中山大学学报 (自然科学版 ) 　　　　　　　　　　　　　第 37卷



the di fficulty in identi fying praw ns a t the larv al and post larv al stages is the central prob-

lem in assessing and moni to ring the larval resources of praw ns and in ca rrying out the

praw n′s recrui tment pro ject. Fo r these reasons, the la rv al stag es f rom Mysis to megalopa

substag es and the post larv al o r the earlier juv eni le stage is chosen for identi fying the

species of la rva e.

The esterase isozyme spectra of the larval stag es of the 7 species of praw ns obtained

through this study can be used for reference in monitoring and assessing the larv ae re-

sources of praw ns. It is w o rth noticing , how ever, tha t these resul ts w ere deriv ed from the

la rv ae collected f rom the nursery plants, they need to be tested and supplemented in the

course of practice in o rder to be used as practical keys to the identification o f the larvae o f

the main economic praw ns in the w aters along the sho res.
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同工酶电泳法鉴定对虾幼体种类的研究

李纯厚
 　 田丽霞 　钟振如 　 陈　敏

摘　要　用同工酶电泳法鉴定了南海几种主要养殖对虾幼体发育阶段的种类 .通过对 7种

对虾 2个不同发育阶段幼体 (糠虾幼体、仔虾 P2- 5及 P10- 12期幼体 )酯酶同工酶的分析表明 ,

其酶谱特征显示出明显的种间特异性 . 文中提出了这 7种对虾幼体的同工酶酶谱特征检索

图 , 并就该酶谱检索图在对虾幼体资源监测、 评估应用时的具体分析方法及其应用范围进

行了较为详细的说明和讨论 .

关键词　同工酶 , 电泳 , 对虾幼体 , 酶谱

分类号　 Q 959. 223, Q 558. 9

83第 6期　　　　　　　　李纯厚等: 同工酶电泳法鉴定对虾幼体种类的研究

 中国水产科学研究院南海水产研究所 ,广州 510300


