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Abstract W ith m any advantageous features such as snall sizg high producton and fertilizatbn in viirg ze-

brafish has becan e a kind of the model creature for the mvestigation of vertebrate developm ent and human dis-

eases. Sowe setup a transgenic zebrafish model to nvestigate the B-cell devebpment. Firstly we obtaned an

NS GFP constmuction that contains the zebrafish nsulin ( NS) pramoter and green fluorescent proten (GFP).

Secondly we mjected the constructon into the cytoplasn of one-cellstage enbiyos. F nally we ganed gem—
line NS transgenic zebrafish hat d sphyed highly specific B-cell expression of GFP n both larvae and adul. By

follow ing GFP expressbn, pancreas fomation was detected at the 18h postfertilization in the earliest tine

points between the second bilateral sam ites a group of GFP-positive cells located frum ventral to the notochord.

Fran day 1 to 5 postfertilizatbn e nun ber of nsulin/GFP expressing cells migrated and fomed a right or

gan. Thus ourworks den onstrated that the transgenic lne provied a conven ent and d irect experm ental tool

n analyzng endocrne pancreas development

njury and recovery.
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Atpresent diabetesmelliis has becane he third
largest chronic disease afier cardiovascular disease and
umor. And he number of patients sufferng fran dia-
betes keeps ncreasing all over the world. In both dia-
betes of type 1 and type 2 the nsufficient nunber of
nsu li-producing beta cells 8 amajor cause of defec-
tve contol of blood ghicose and its can p lications. De-
spite the help of the existng therapies with exogenous
nsuln or hypoglcan ic agents for the diabetes of type
1 and type 2, most individuals w ith d Bbetes are unab le
tom aintain a bbod ghcose level n the nom al range at

all tmes. Repeatng hyperglycan ia unaw areness and
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long-tem hyperglycem ia will lead to capillary vessel
canplicatbn of renal eyes and nervous systam which
may result in the poor healh and shorter life-span of
the sufferer. Stem cells and islet transplantatbn both
suggest that d iabetes can be cured by the replen ishment
of deficient B-cells n the future. Stem cell for the
treatment of diabetes B not only lmited by ehical
questions but also by the ability to differen tiate stem
cells and to acquire filly finctbnal islets so it is still
only tested n trials. Edmonton’ s protocol’ of islet
transplantation has Im ited the clnical utility of the
availab ility of donors aswell as the need for continued
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mm unosuppression w ith its risks and sie effects. A e
cordingly therapies increasing finctinal B-cell mass
may offer a cure br diabetes. Based on the realizatbn
hat B-cells are capable of significant proliferatbn
throughout adult life ZJ, the enhanced proliferation of
B-cells in vivo is pursued as a strategy for regenerative
medicine for diabetes .

Zebrafish has advantages for scientific research
such as snall sizg transparency of enbryos rapid de-
velopment and free-feeding larvae w ithin 5d of fertiliza-
the zebrafish has

can e to the forefront of vertebrate model research and

ton et al Over the past decadg

eventually offered he unique canbmnation of nverte-
brate and m anm alian for genetic stud ies and pham ace-
bgical screens. The zebrafish enbiyo fertilizes in vito
and generation tine is as nmice with adults reach ng
sexualmaturity w ithin 3months old however fecund+
ty ismuch higher. A zebrafish pair can yield hundreds
of enbryos m a sngle chitch every week. Further
more embryos and larvae are optically ransparent at
bw ng easy visualizatobn of celllar morphobgy and
movenent

By tak ng the fish as an object researchers use
DNA constructs contanng regulatory sequences of the
zebrafish insuln genes and gem lne transgenic ze-
brafish expressing the GFP reporter gene in he B-cell
which were generated to detect islet rise m igratbn and
maturity in a living creaure. W ih the purpose to cre-
ate such a mode] we tried to nduce B-cell ablatbn
using Streptozotocin ( SI'Z) which causes apoptosis of
he B-cells nmanmals. We coull obsewe fliorescent
change to identify infomatbn about B-cells apoptosis or
regeneratbn. In conclusion this model was good for

research B-cells development injury and recovery.
1 Materials and methods

1.1 The zebrafish (Danio rerio) were raised in
our hb and maintained according to the Ze-
brafish B ook.

1.2 Promoter isolatbn and transgenic constructs

The zebrafish gene insuln ( NS) was selected fran

GenBank (GenBank accessbnNo. AF036326) ofDa—

nio rerio nucleotde sequencing and the literature * .

Thenwe anplified the pranoter by PCR fran Danio re-

rio genam ic DNA usng the prin ers shown bebw. Cod
ing regionsw ere capitalized w ih restrictbn sites undes
lined and endonucleases shown in parentheses.

Fomard prin er (Sall) 5~TTTGA CAGAGATCGG-
CATTTTGAGGC-3’

Reverse primer ( EcoRV) 5-GGTCACA CTGA-
CACAAACACACAG-3’

NS pranoter was ligated nio IsceFGFP fusion
veclor as a Sall/EcoRV Fragnent which the veclor
flank s w ith the special Fscel site. The cbne was trans-
fom ed nto M 109 bacteria. F nally the plasn il DNA
was sequenced and canpared w ih the database in Gen-
B ank by BLASI'N.

1.3 M icroinjection and generation of NS GFP
transgenic zebrafish W em icron pcted plasn id DNA
linearized by Fscel meganuclease (NEB Gemany)
Fish
haiched fran the njected eggs were raised to sexual

nto fertilized eggs at the one-cell sta,gem .

maturity. T ransgen ic founder fish were selected by pair
mating the ndividual fish with nontransgenic fish and
by testing fluorescence expression. The progeny w hich
expressed GFP were then selected as real gem line i+
sulin transgen ic zebrafish.

1.4 Analysis of transgenic zebrafish

1. 4.1 Detection of GFP gene by PCR Genane
DNA was isolated fran 24h post fertilization by using
For he de

tection of the GFP geng¢ polymerase chain reaction

. . 6
the conventional proteinase K method *' .

(PCR) was perfomed by usng a GFP-gene-spec ific
priner pair which yielded a 750-bp fragnent. The
GFP foward priner sequence used was 5-TCAATG-
GATATGGTGAG CAAGGGCGAG-3,
priner sequence used was 5—CACGAATTCCTTGTA-
CAGCTCGTCC-3 . Likev ise the plasmid of construe
tion and wild type fish genanic DNA was anplifed as

and the reverse

anegative control The PCR amplificatbn cycles con-
sisted of 95 C for 155 60 C for 30s 72 C for 50s
and 30 cycles.

1. 4.2 Wholemount RNA in situ hybriization
and inmunofluorescence Antsense digox gen in—la-
beled RNA pwobes were generated fran ¢cDNA clones of
using a DIG RNA Labeling kit

W hole-mountRNA in situ hybrd izatbn cond itionsw ere
descrbed as i Zebrafish Book' . A fer hybri ization

the nsuln genes
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embryos were manually stained until the color was
clearly devebped. Images were obtaned by usng N +
kon MZ1500 digital canera. The emnbryos which are
mosaic after a 24h fertilizaton though were fied
and whole-m ount inm uno fliorescence embryoswere -
cubated ovem ght aswell as dwvided in Ant+GFP-R ab-
bit con ugated antbody and anti+-Rabb itA lexa (M oke-
ular Probes ).

2 Results

2.1 INS pramoter clones

The zebrafish NS pmumoter cbnes used n ze-
brafish genanic DNA template and analyzed by gel
electophoresis were used to provide one band of
1400bp (Fe. 1. lane 3). Furhemorg we clam ed
that the fragnents were recanbined w ithin Isce FGFP
fisbn gene and the constructw as assayed by restrctbn
digestbn as detected on agarose gel electrophoresis.
The electrophoretic pattemn yield digested by Sall and
EcdRV, which was cut wicew ithin the nsulin pranot
er or the lsceFGFP fisbn gene and revealed wo ntense
hybrd izing bands (F . 1, lanes 1 and 2) . Finall, the
DNA construct was named NS GFP as the sketch
showed below (Fig. 2).

M 1
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1500
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2250

1500

1000

250

Fig 1

Restr iction analysis of NS GFP
M: DNA maker © NS GFP; 2 NS GFP digested w ith Sal iv
and Ec®R V; 3 PCR product

2.2 Development of endocrine pancreas i ze-
brafish
The enbryos mnpcted with NS GFP plasn d d+

gested by Fscel enzyme were raised to sexualm aturity
(3months old), and outcrossed with wild type fish to
carry F1 stable transgenic lines. A weak GFP expres-
sion was mitially detected in the pancreas awund 18
hpf ( data not shown) . By folbw ng GFP expression
transgen ic embryos
maged by digital
DXM 1200F. W e found that the nsulin/GFP cells n
early devebpmentwere ndwidually aligned into a s+

fiom day 1 to 5 postfertilization
using N kon

were can era

gle flattened layer in the center of the enbryo ventral to
the notochord at the level of the second sam ite ( Fig.
3 A and B).
the number of insulin/GFP expressing cells ncreased

Fran day 2 to day 5 postfertilization

and fomed a spherical stucture. At 72hpf (' hour post
fertilizatbn) nsulin/GFP positive cells were nclned
to the right side (Fig. 3 C),
sulin /GFP expressing cellsm igrated, fom ed a right or
gan (Fig. 3 D) and located dorsally to the duodenum
at 120hpt

then the nunber of -
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multiply doning sites

Figz 2 The sketchmap of NS GFP

2.3 Stable transgenic NS GFP lines
2.3.1 Analysis of GFP integrated into genan e by
PCR

Genam ic DNA was isolated fran transgenic and
non-ftransgenic zebrafish. Priner sequences were de
signed w ih n the cod ng regbn of the GFP gene to pro-
duce a 750 bp amp lification pooduct W e detected 750
bp band n transgenic fish genam e and equal band w ith
phan id template (Fig. 4 land 1 and 3) . Sinu ltaneous-
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l, we could not find any band in the wil type fish
tanp late (Fg. 4 and 2) in sight snce foregn GFP

DNA in the fluorescence expression of injected fish was
ntegrated nto genan ic DNA and stably inher ited.

INS lateral/dorsal/24hpf

INS lateral/dorsal/48hpf

INS lateral/dorsal/72hpf

INS lateral/dorsal/120hpf

Fig. 3 Expression of GFP n gem line transgenic zbrafish em bryos directed by NS promoter
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Fig 4  Amplification of green fluorescence protein ( GFP ) fran

gem line transgenic zbrafish genane DNA
M: DNA make; I PCR product(750bp); 2 Negative control

3 Positive control

2.3.2 Wholemount RNA i situ hybridizatbn
(W BH)

Using n situ hybrd ization to detect nsuln tran-

scrpts and expression bcealization we sinilarly ob-

sewved no difference between transgenic and wild type

enbryos (Fe. 5A. BandC). At the 18smm ite stage

nsulin expressbnwas fistly detected in the central re-
gion of the enbryo n a right and a left bngitud nal row
of cells siuated ventrally to the notochord under the
second samite (Fg. 5A).

As shown n transgen t mosaic enbiyos GPEF ex
presses n he sane way while few cells appeared
green w ithn the region of the slet By increasing the
strength of the laser weakly green fliorescent cells
coull be dentified within the pancreas of mosaic em-
bryos at 18hpf (Data not shown) . Subsequently the
level of nsuln mRNA icreased in the pancreas. By
W SH, the expression of NSmRNA was the sanew ith
those of NS GFP transgenic expressbn at 72 hpf and
120 hpf n the pancreas region. Usually, this expres-
sion dam ainw as detected on the rght sde of the ante-
ror gut approximately at the level of he second sam ite
(Fig. 3C and D, Fig 5B and C).

To verify the fhiorescence was to bcalize specifie-
ally B-cells we perfomed immunofliorescent staining
for nsuln on NS GFP anbryos at the 24 hpf(Fg. 5
D. E and F). Our results shoved that the onset of
GFP expression concided with he insulin spatial and
tem poral expressbn patterns as detected by RNA n s+
tu hybridization.
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INS dorsal/lateral/18hpf INS dorsal/lateral/120hpf

dorsal/lateral/72hpf INS

dorsal/lateral/24hpf INS dorsal/lateral/24hpf Merge dorsal/lateral/24hpf

Fig. 5§

Expression of INS and GFP in zebrafish embryos detected by whole amount in-situ hybridization
A .B.C:whole amount in-situ hybridization with the digoxingenin labeled RNA probe. INS beging to express dispersely in 18hpf; Increasing expression
and according to transgenic line in 72hpf; Pancrease islet lie in right. D (E [F; Whole amount in-situ hybridization with the digoxingenin labeled RNA

probe and green fluorescence protein antibody ,they are detected according with spatial and temporal

effect 1/4—1/3
(40x:100x)

effect 1/2—2/3
(40x:100x)

no effect
(40x:100x)

control
(40x:;100x)

m EG control
160 - ko0 -160 - 160
140
120
100
80
60 S0
40 <
20 fﬁ
) o
death no effect effect 1/4—1/3 effect 12—2/3
Fig. 6 Induction experimental diabetes in transgenic zebrafish by streptozotocin

EG ; Experiment group

2.4 Application of living color transgenic fish
The zebrafish is one of the teleosts w ith endocrne

islets tightly enbedded msile the exocrine tissue to

fom a pancreas quite lke a m anmalian pancreas[ ¥

In our study, we used the GFP transgenic fish system

to investigate gene expression patterns and tissue /organ
development 1o analyse tissue-specific pmmoters to
trace cell lineage and m igraton and to analyse cellnlar
localizaton etc. Based on these researches we tried

to ablate B-cells by streptozotocin which was w ilely
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used to induce expermental diabetes in anmali ”' .

A fier additbn of the drug to the water anbryonic ze-
brafish was screened Dr phenotypes by facilitated and
availability of the NS GFP transgenic lne. 24 hpf
enbryos were ncubated in SI'Z concentratbns (2. 3
mM ) at28 C n the dark. A fter24h of incubation, we
had found detectable different effects on B-cellmass as
jpdged by GFP expression anounted of 160 transgen ic
fish (Fig. 6). However the phenotype is not stable
and difficult to repeat sowe could notuse thism ethod

to induce of expermental diabetes n the zebrafish.
3 Discussion

D iabetes is a disease which is characterized by a
near-absolute (type 1) or relatve ( type 2) defic ency
n the number of pancreatic B-cells. The pancreatic B-
cells are a vital organ controllng glicose haneostass
and food d gestion n vertebrates. In manmals birds
and anphbians both exocrne and endocrine pancre-
atic tissues are of endodemal origh and develop fran
dorsal and ventral ep ithe lial evaginatbns arising framn
the gut tube caudal to the stam ach hat fuse to fom a
sihgle stucture. Every islet is canposed of four major
cell types nsulir-poducng B-cells fom the core
while samatostati—producng ¥cells ghcagon-podu-
cing 0—cells and pancreatic polypeptide secreting PP-
cells are located at the per'phery[ I Pancreatic devet
opment iswell sudied n the zebrafish. Asmanmals
it consists of both an endocrine can ponent and exocrne
canponent W hile molecular events appear highly con-
sewved betveen zebrafish andm anmald "' *'.
In manmals it has been difficult to sudy islet
morphogenesis because of the n vivo devebpment of
manm alian enbryos. And in zebrafish the pancreas is
also difficult to recognize n living transparent enbiyos
To overcane this obstacle we generated gem line trans-
gen ic zebrafish expressng the GFP reporier gene under
he control of regulatory sequences fran insuln. At
lasf we ganed further msiht nto the process of pan-
creatic ®letmowphogenesis in living. In zebrafish mnse
Iin expresson is initially detected n cells beated on

both sdes of the midlne W ith devebpment
positve cells were reogan ized into an oval shaped clis-

nsulin

ter w ithout a significant increase in cell population

then the nunber of insuln expressing cells ncreased
and fomed a sphertal stucture andm igrated a right ox
11t & a different m echanian w ith m amm als
whose pancreas arises friun the endodem as a dorsal
and a ventral bud aswell as fuses together to fom the
sing b organ.

According to our generation of transgenic ze
brafish we have obsewed left/ rght (L/R) asymm etry
durng embryonic development for pancreas position ng.
An asymetrical pocess is also necessary for properly
functonng ofmany oigans One siriking exanple is the
hear{ whose organization nto left and right chambers is
essentia] if L /R asynmetry was abnoma] the heart
ventricles and atria woull not develop perfectly asym-
meitrica] thus leadng to congenital heart diseases n
humans. Defectve L/R asymmetry causes a variety of
other abnomalities nchding liver mispositbning as
plenia or polyspleniag bilateral bbation of hings gut
misotation and anamalous coronary connectons et
al™ ™. Ourmodel povided an useful tool to research
the mechanisn and pathw ay of asymmetry in vivo.

M eanw hile we tried to nduce of experimental d+
abetes i the zebrafish using chen icals which are very
convenient and made it easy to observe by GFP expres-
sion by selectively destroying pancreatic B-cells. Per
haps thisway is useful to mamm alian but fails to be
repeated n zebrafish. In our results we could gan a
part of phenotype of B-cell disappeared but a stable

and duraton effect was not arrested. R ecently a new

technology ofmetronidazole(M et) dependent cell ab la-

[ 16— 18]

tion has been found n zebrafish . The model
used the bacterial N itroreductase (NTR) enzyme to
convert the podug M etron dazole (M tz) into a cyte-

toxic DNA cross-Inking agent to conditional targeted
cell ablation. Canbining the advantages of zbrafish
thiswaywoul povie an opportunity to conduct large-
scale screens for phamacological and genetic m odifiers
of B-cell regeneratbn.

In the past 5 years the sequence of the zbrafish
genan e has ncreased the profile of zebrafish research
even further expand ng nto other areas such as phar
macology, cancer research and drug discoveryl YT is
clear that the zebrafish is a good model for vertebrate

endocrine functon. W e anticipate that the use of these
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techniques w ill make the zebrafish a prum nent model

n endocrine research in the camn ng years.
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