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Abstract: W ith m any advantageous features such as sm all size, high production and fert ilizat ion in vitro, ze-

brafish has becom e a kind of themodel creature for the investigation of vertebrate developm ent and human dis-

eases1 Sow e set up a transgenic zebrafish model to invest igate the B-cell developm ent1 F irstly, w e obta ined an

INS: GFP construction that contains the zebrafish insulin ( INS) promoter and green fluorescent protein (GFP )1
Secondly, w e injected the construction into the cytoplasm of one-cel-l stage embryos1 F inally, w e gained germ-

line INS transgenic zebrafish that d isplayed highly specific B-cell expression ofGFP in both larvae and adult1 By

fo llow ingGFP express ion, pancreas formation was detected at the 18h post-fertilization in the earliest tmi e

po ints between the second bilateral som ites, a group ofGFP-pos itive cells located from ventral to the notochord1
From day 1 to 5 post- fertilizat ion, the num ber of insu lin/GFP expressing cells m igrated and formed a right or-

gan1 Thus, our works dem onstrated that the transgenic line prov ided a conven ient and d irect expermi ental too l

in analyzing endocrine pancreas development, in jury and recovery1
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  A t presen,t diabetesme llitus has become the th ird

largest chron ic disease a fter cardiovascular disease and

tumor1 A nd the number o f pat ients suffering from dia-

betes keeps increasing all over the wo rld1 In bo th dia-

betes o f type 1 and type 2, the insu ff icient number of

insu lin-producing beta ce lls is a major cause of defec-

t ive contro l o f blood g lucose and its comp lications1 De-

sp ite the help o f the ex isting therapies w ith exogenous

insu lin or hypog lycem ic agents for the diabetes o f type

1 and type 2, most indiv iduals w ith d iabetes are unab le

tom ainta in a b lood g lucose leve l in the norm al range at

all times1 Repeating hyperglycem ia unaw areness and

long- term hyperg lycem ia w ill lead to cap illary vesse l

complicat ion of rena,l eyes and nervous system which

may resu lt in the poor health and shorter life-span o f

the su fferer1 Stem cells and islet transplantat ion both

suggest that d iabetes can be cured by the replen ishment

o f defic ient B-cells in the future1 Stem ce ll for the

treatment of d iabetes is no t on ly lim ited by eth ica l

questions, but also by the ability to d ifferen tiate stem

ce lls and to acquire fu lly funct iona l islets, so it is still

only tested in trials1 Edmonton. s protoco l
[ 1]

of islet

transplantation has lim ited the clin ica l u tility of the

availab ility of donors as w e ll as the need for continued
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immunosuppression w ith its r isks and side effects1 A c-

cord ing ly, therap ies increasing funct ional B-ce ll mass

may offer a cure fo r d iabetes1 Based on the rea lizat ion

that B-ce lls are capab le o f sign ificant pro liferat ion

throughout adult life
[ 2]
, the enhanced pro liferation of

B-cells in vivo is pursued as a strategy fo r regenerative

medicine for diabetes
[ 3 ] 1

Zebrafish has advantages for scient ific research

such as small size, transparency of embryos, rapid de-

ve lopment and free- feeding larvae w ithin 5d of fert iliza-

t ion, et a l1 Over the past decade, the zebraf ish has

com e to the forefron t of vertebrate mode l research and

eventually offered the unique comb ination of inverte-

bra te andmamm alian for genetic stud ies and pharmaco-

log ica l screens1 The zebraf ish embryo fertilizes in v itro

and generation time is as inm ice, w ith adults reach ing

sexua lmaturity w ith in 3months old, how ever, fecund-i

ty is much higher1 A zebrafish pa ir can y ield hundreds

of embryos in a sing le c lutch every w eek1 Further-

more, embryos and larvae are optica lly transparen,t a-l

low ing easy visua lizat ion o f ce llu lar morpho logy and

movement1
By tak ing the fish as an ob jec,t researchers use

DNA constructs conta in ing regulatory sequences of the

zebrafish insulin genes and germ line transgen ic ze-

bra fish expressing theGFP reporter gene in the B-cel,l

w hich w ere generated to detect islet rise, m igrat ion and

maturity in a living creature1 W ith the purpose to cre-

ate such a mode,l w e tried to induce B-cell ablat ion

using Streptozo tocin ( STZ) w hich causes apoptosis of

the B-cells in mamma ls1W e cou ld observe fluorescent

change to identify informa tion about B-ce lls apoptosis or

regenerat ion1 In conclusion, th is model w as good for

research B-ce lls deve lopmen,t injury and recovery1

1 Materials andm ethods

111 The zebrafish (Danio rerio ) were raised in

our lab and maintained according to the Ze-

brafish Book1
112 Promoter isolation and transgenic constructs

 The zebrafish gene insulin ( INS) w as selected from

GenBank ( GenBank accession No1 AF036326) ofDa-

nio rerio nuc leot ide sequencing and the literature
[ 4] 1

Then w e amplif ied the promoter by PCR from Danio re-

rio genom ic DNA using the prim ers shown be low1 Cod-

ing reg ionsw ere capitalized w ith restrict ion sites under-

lined and endonucleases shown in parentheses1
Forw ard prim er ( SalI) 5c-TTTGACAGAGATCGC-

CATTTTGAGGC-3c
Reverse prim er ( EcoRV ) 5c-GGTCACACTGA-

CACAAACACACAC-3c

INS promo ter w as ligated into IsceI-GFP fusion

vector as a Sa lI /E coRV Fragmen t wh ich the vector

flanks w ith the spec ial I-sceI site1 The c lone w as trans-

form ed in to JM 109 bacteria1 F inally, the plasm id DNA

was sequenced and compared w ith the database in Gen-

B ank by BLASTN1
113 M icroinjection and generation of INS: GFP

transgenic zebrafish W em icro in jected plasm id DNA

linearized by I-sceI meganuclease ( NEB, Germany )

into fertilized eggs at the one-cell stage
[ 5 ] 1 F ish

hatched from the in jected eggs w ere ra ised to sexua l

maturity1 T ransgen ic founder f ish w ere se lected by pa ir

mating the individual fish w ith nontransgenic fish and

by testing fluorescence expression1 The progeny which

expressed GFP w ere then se lected as rea l germ line in-

sulin transgen ic zebraf ish1
114 Analysis of transgenic zebrafish
11411 Detection of GFP gene by PCR  G enome

DNA was isolated from 24h post fert ilization by using

the conventional proteinase K method
[ 6 ] 1 For the de-

tection of the GFP gene, polymerase chain reaction

( PCR ) w as performed by using a GFP-gene-spec ific

primer pa ir, wh ich y ielded a 750-bp fragment1 The

GFP forw ard primer sequence used w as 5c-TCAATC-

GATATGGTGAGCAAGGGCGAG-3c, and the reverse

primer sequence used w as 5c-CACGAATTCCTTGTA-
CAGCTCGTCC-3c1L ikew ise, the plasm id of construc-

tion and w ild type fish genom ic DNA was amplif ied as

a negative control1 The PCR amplificat ion cycles con-

sisted of 95 e for 15s, 60 e for 30s, 72 e for 50s

and 30 cycles1
11412  W ho le-mount RNA in situ hybr id ization

and immunofluorescence Antisense digox igen in- la-

beled RNA probes w ere generated from cDNA clones o f

the insulin genes, using a DIG RNA Labeling k it1
Who le-mountRNA in situ hybr id izat ion cond itionsw ere

described as in Zebrafish Book
[ 7] 1 A fter hybrid ization,
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embryos w ere manually stained unt il the co lor w as

clearly deve loped1 Images w ere obta ined by using N -i

kon SM Z1500 digita l camera1 The embryos wh ich are

mosaic a fter a 24h fertiliza tion, though, w ere fixed,

and whole-mount immuno fluorescence embryosw ere in-

cubated overn ight asw e ll as d iv ided in Ant-iGFP-Rab-

b it con jugated ant ibody and ant-i Rabb i-tA lexa (M o lec-

u lar Probes
TM

) 1

2 Results

211 INS promoter clones

The zebrafish INS promo ter clones, used in ze-

bra fish genom ic DNA template and analyzed by gel

electrophoresis, w ere used to provide one band of

1400bp ( F ig1 11 lane 3) 1 Furthermore, w e claim ed

that the fragments w ere recombined w ithin Isce I-GFP

fusion gene and the constructw as assayed by restr ict ion

digest ion as detected on agarose ge l e lectrophoresis1
The e lectrophoretic pattern y ield digested by SalI and

EcoRV, w hich w as cu t tw icew ith in the insu lin promo-t

er or the IsceI-GFP fusion gene and revea led tw o intense

hybrid izing bands ( F ig1 1, lanes 1 and 2) 1Fina lly, the

DNA construct w as named INS: GFP as the sketch

show ed below ( F ig1 2) 1

Fig1 1 Restr iction analysis of INS: GFP

M: DNA m arker; 1: INS: GFP; 2: INS: GFP digested w ith Sal Ñ

    and E coR V; 3: PCR produ ct

212 Developm ent of endocrine pancreas in ze-

brafish

The embryos, in jected w ith INS: GFP p lasm id d-i

gested by I-sceI enzyme, w ere raised to sexualm aturity

( 3months old), and outcrossed w ith w ild type fish to

carry F1 stable transgen ic lines1 A weak GFP expres-

sion w as in itia lly detected in the pancreas around 18

hpf ( data not shown) 1 By fo llow ing GFP expression

from day 1 to 5 pos-t fert ilization, transgen ic embryos

w ere im aged by using N ikon dig ita l camera

DXM1200F1W e found that the insulin /GFP cells in

early deve lopmentw ere ind iv idua lly aligned into a sin-

g le flattened layer in the center of the embryo ventral to

the notochord at the level o f the second som ite ( F ig1
3, A and B ) 1 From day 2 to day 5 pos-t fertilization,

the number of insulin /GFP expressing ce lls increased

and formed a spherical structure1 A t 72hpf ( hour post

fertilizat ion) insu lin /GFP positive cells w ere inclined

to the right side ( F ig1 3, C) , then the number o f in-

sulin /GFP expressing ce llsm igrated, form ed a right or-

gan ( F ig1 3, D ) and located dorsally to the duodenum

at 120hpf1

F ig1 2 The sketchm ap of INS: GFP

213 Stable transgenic INS: GFP lines

21311 Analysis ofGFP integrated into genom e by

PCR

Genom ic DNA was iso lated from transgen ic and

non- transgenic zebrafish1 Primer sequences w ere de-

signed w ith in the cod ing reg ion of theGFP gene to pro-

duce a 750 bp amp lification product1W e detected 750

bp band in transgenic fish genom e and equal band w ith

p lasm id template ( F ig14 land 1 and 3) 1 Simu ltaneous-
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ly, w e could not find any band in the w ild type fish

temp late ( F ig14 and 2 ) in sight since fore ign GFP

DNA in the fluorescence expression o f injected fish w as

integ rated into genom ic DNA and stably inher ited1

Fig1 3 Expression of GFP in germ line tran sgen ic zeb rafish em bryos d irected by INS promoter

F ig1 4  Amp lif icat ion of green fluorescen ce protein ( GFP ) from

    germ line tran sgen ic zeb rafish genom e DNA

M: DNA m ark er; 1: PCR produ ct ( 750bp ) ; 2: N egat ive contro;l

    3: Posit ive con trol

21312  W hole-mount RNA in situ hybrid ization

(W ISH )

U sing in situ hybrid ization to detect insulin tran-

scripts and expression localization, w e sim ilarly ob-

served no difference betw een transgenic and w ild type

embryos ( F ig15A1 B and C ) 1A t the 18-som ite stage,

insulin expression w as firstly detected in the cen tra l re-

g ion of the embryo in a right and a left long itud inal row

o f cells situated ventrally to the no tochord under the

second som ite ( F ig15A ) 1
As shown in transgen ic mosaic embryos, GPF ex-

presses in the sam e w ay, w h ile few ce lls appeared

green w ith in the reg ion of the islet1 By increasing the

strength of the laser, w eakly g reen fluo rescent cells

cou ld be identified w ith in the pancreas of mosaic em-

bryos at 18hpf ( Data no t show n) 1 Subsequently, the

leve l o f insu lin mRNA increased in the pancreas1 By

W ISH, the expression of INSmRNA was the samew ith

those of INS: GFP transgen ic expression at 72 hpf and

120 hpf in the pancreas reg ion1 U sua lly, th is expres-

sion dom ain w as detected on the right side o f the ante-

rior gu t approx imately at the level of the second som ite

( F ig13 C and D, F ig1 5 B and C) 1
To verify the fluo rescence w as to localize specific-

a lly B-cells, w e performed immuno fluorescent staining

for insu lin on INS: GFP embryos at the 24 hp f ( F ig1 5

D1 E and F ) 1 Our results show ed that the onset o f

GFP expression co incided w ith the insulin spatial and

tempora l expression patterns as detected by RNA in s-i

tu hybridization1
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214 Application of living color transgenic fish
The zebrafish is one o f the teleosts w ith endocrine

islets tightly embedded inside the exocrine t issue to

form a pancreas quite like a m ammalian pancreas
[ 8] 1

In our study, w e used the GFP transgenic fish system

to investigate gene expression patterns and t issue /organ

developmen,t to ana lyse t issue-spec ific promo ters, to

trace cell lineage andm igrat ion and to analyse cellu lar

loca lization, etc1Based on these researches, we tried

to ablate B-ce lls by streptozotocin wh ich w as w idely
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used to induce exper imenta l diabetes in an imals
[ 9] 1

A fter add it ion of the drug to the w ater, embryonic ze-

bra fish w as screened fo r phenotypes by fac ilitated and

ava ilab ility of the INS: GFP transgen ic line1 24 hpf

embryos w ere incubated in STZ concentrations ( 213
mM ) at 28 e in the dark1 A fter 24h o f incubation, w e

had found detectable different effects on B-cellmass as

judged by GFP expression amounted o f 160 transgen ic

fish ( F ig1 6 ) 1 However, the pheno type is no t stab le

and d ifficult to repea,t sow e could not use th ismethod

to induce of experimenta l d iabetes in the zebrafish1

3 D iscussion

D iabetes is a d isease wh ich is characterized by a

near-absolute ( type 1) or relat ive ( type 2) defic iency

in the number o f pancreatic B-cells1 The pancreatic B-

cells are a v ital organ contro lling g lucose homeostasis

and food d igestion in vertebrates1 In mamma ls, b irds,

and amph ib ians, both exocr ine and endocrine pancre-

atic tissues are of endodermal orig in and develop from

dorsal and ventra l ep ithe lial evaginat ions, arising from

the gu t tube caudal to the stom ach that fuse to form a

sing le structure1Every islet is composed of four major

cell types: insulin-producing B-ce lls form the co re

w hile somatostatin-produc ing C-ce lls, g lucagon-produ-

cing A-cells, and pancreatic polypeptide secret ing PP-

cells are loca ted at the periphery
[ 10] 1 Pancreatic deve-l

opment is w e ll studied in the zebrafish1 Asmammals,

it consists o f both an endocrine componen t and exocrine

componen t1While molecular events appear h ighly con-

served betw een zebrafish andm ammals
[ 11, 12 ] 1

In m ammals, it has been d ifficu lt to study islet

morphogenesis because of the in v ivo deve lopment of

mamm alian embryos1 And in zebraf ish, the pancreas is

also difficult to recogn ize in living transparent embryos1
To overcome this obstacle, w e generated germ line trans-

gen ic zebrafish expressing the GFP reporter gene under

the control o f regulatory sequences from insu lin1 A t

las,t w e ga ined further insight into the process of pan-

creatic isletmorphogenesis in liv ing1 In zebrafish, insu-

lin expression is initially detected in ce lls located on

both sides of the m idline1 W ith deve lopmen,t insulin

positive cells were reorgan ized into an ova l shaped clus-

ter w ithout a signif icant increase in cell popu lation,

then the number o f insu lin expressing cells increased

and formed a spherical structure andm igrated a right or-

gan
[ 13] 1 It is a d ifferent m echan ism w ith mammals,

whose pancreas arises from the endoderm as a dorsal

and a ventra l bud as w ell as fuses together to form the

sing le organ1
According to our generation o f transgen ic ze-

brafish, w e have observed left/ right ( L /R ) asymmetry

during embryon ic development for pancreas position ing1
An asymetrical process is also necessary for properly

funct ioning ofmany organs1 One striking example is the

heart, whose organization into left and right chambers is

essentia;l if L /R asymmetry w as abnorma,l the heart

ventricles and atria wou ld no t develop perfectly asym-

metrica,l thus lead ing to congenital heart d iseases in

humans1 Defect ive L /R asymmetry causes a variety o f

other abnormalities includ ing liver m isposit ioning, as-

plen ia or polysplen ia, bilateral lobation of lungs, gut

m isro tation, and anomalous coronary connections et

al
[ 14, 15] 1 Ourmodel provided an usefu l tool to research

the mechanism and pathw ay of asymmetry in vivo1
Meanwhile, we tried to induce o f exper imenta l d-i

abetes in the zebrafish using chem icals, wh ich are very

conven ient andmade it easy to observe by GFP expres-

sion by se lect ively destroy ing pancreat ic B-ce lls1 Per-

haps, this w ay is useful to mamm alian but fails to be

repeated in zebrafish1 In our resu lts, w e could ga in a

part o f phenotype o f B-ce ll disappeared, but a stable

and durat ion effect w as no t arrested1 R ecently, a new

techno logy o fmetronidazo le(M et) dependent ce ll ab la-

tion has been found in zebrafish
[ 16) 18] 1 The mode l

used the bacteria l N itroreductase ( NTR ) enzyme to

convert the prodrug M etron idazole (M tz) into a cyto-

tox ic DNA cross- linking agent to conditional targeted

ce ll ablation1 Combining the advantages of zebraf ish,

this w ayw ou ld prov ide an oppo rtun ity to conduct large-

scale screens for pharmaco log ica l and genetic modifiers

o f B-ce ll regenerat ion1
In the past 5 years, the sequence o f the zebrafish

genome has increased the profile of zebrafish research

even further, expand ing into other areas such as phar-

macology, cancer research and drug discovery
[ 19] 1 It is

clear that the zebrafish is a good model for vertebrate

endocrine funct ion1W e ant icipate that the use of these
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techniques w ill make the zebraf ish a prom inent model

in endocrine research in the com ing years1
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摘要: 斑马鱼的个体小、高产和体外受精等特点使其已经迅速成为研究脊椎动物器官发育和人类疾病的模式生物之一。我们

建立了一个转基因斑马鱼动物模型来研究胰岛 B-细胞的发育。首先,构建了斑马鱼胰岛素 ( Insu lin , INS) 启动子与绿色荧光

蛋白 ( GFP )组成的表达载体, 命名为 INS: GFP。其次, 将质粒在斑马鱼 1-细胞期注射到细胞质内。最后我们成功获得了生殖

系稳定遗传胰岛素转基因斑马鱼,在成鱼和幼鱼期均可以通过 GFP标记 B-细胞。通过方便的荧光筛选,我们观察到胰岛在受

精后 18h开始形成, 1) 5d后由初始的脊索中线两侧向右迁移。从我们构建的胰岛素转基因斑马鱼, 可以直观判断胰岛的发

育情况, 为研究胰岛的发育、损伤和再生提供了一个简便和直观的新型工具。

关键词: 斑马鱼; B-细胞; 绿色荧光蛋白; 胰岛素


