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Abstract Rainbow trout histone H3 (RH3) promoter was cloned via high fidelity PCR. The cloned RH3 promoter was inserted
into a promoter-lacked vector pEGFP-1, resulting in an expression vector pPRH3EGFP-1. The linearized pRH3EGFP-1 was microinjected
into fertilized eggs of rare minnows and the sequential embryogenetic processes were monitored under a fluorescent microscope. Strong
green fluorescence was ubiquitously observed at as early as the gastrula stage and then in various tissues at the fry stage. The results indi-
cate that RH3 promoter, as a piscine promoter, could serve in producing transgenic Cyprinoid such as rare munnow. Promoter activity of
RH3, CMV and common carp B-actin (CA) were compared in rare minnow by the expression of respective recombinant EGFP vectors.
The expression of pPCMVEGFP occurred earlier than the following one, pRH3EGFP-1, and then pCAEGFP during the embryogenesis of
the transgenics. Their expression activities demonstrated that the CMV promoter 1s the strongest one, followed by the CA and then the
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RH3.
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Transgenic technology is expected to be used to

fast—growingm , (2]

[3]

generate disease-resistant and

cold-resistant'”* transgenic fish for aquaculture. With
the development of aquaculture, the technology will
show greater potential to improve both the quantity
and quality of aquatic products. In addition, com-
pared with mammals, fish has many favorable charac-
teristics for study of gene regulation and expression by

A transgene construct typically con-

transgenesis
tains a promoter, a structural gene and transcription-
termination elements. As the promoter directs the ef-
ficiency and the tissue-specific expression of forgein
gene, it is necessary to seek for strong promoters for
construction of recombinant vectors. However, in the
early study of transgenic fish, the promoters used in
transgenic vectors were commonly derived from hu-
man, bovine and rat™>®! due to lack of piscine pro-
moters. In 1992, Zhu put forward the concept of
“all-fish” gene transgenic fish!"!, and his group ob-
tained the “all-fish” gene transferred carpm. To
date, the fish promoters used mainly include B-actin

[9o [10,11]

promoter ! and anti-freeze protein promoter

In eukaryotes, histones, a set of basic structural
proteins in chromosome, are responsible for the pack-

aging of DNA into chromatin''?!. Histone H3 and H4
are the most evolutionarily conserved ones among all
the known proteins. Histone genes are expressed in

(3] It has been proved that

all actively dividing cells
Atlantic salmon histone H3 promoter can direct the
expression of B-galactosidase gene in rainbow trout

[14]

embroys and fry'™*’. The sockeye salmon histone H3

promter could show weak activity in human Hel.a and

GM637 fibroblast cells!™!.

now was used as a model to study the activtity of

In this study, rare min-

rainbow trout histone H3 promoter in Cyprinoid, as
revealed by the expression of EGFP!'!.

1 Materials and methods
1.1 Isolation of rainbow trout DNA

Rainbow trout was from Zhengzhou Aquatic
Market, Henan Province. The rainbow trout liver
DNA was extracted by phenol/chloroform extraction
and purifed by ethanol precipitationm.

1.2 Cloning of the rainbow trout histone H3 pro-
moter via PCR

Primers RH! and RH2 were designed according
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[1s

to the previously described primer sequences ! for

cloning of salmon histone H3 promoter. The sequence
of RHI1 is 5"-ATGCGAATTCGAGAAGGCCGTCA-
AAGCCAA-3" and that of RH2 is 5'-ATGCGGATC-
CGGCGCTAGCTAGCTTCCTTC-3", in which the
underlined bases indicate the additional restriction
sites ( EcoRI and Bam HI). Primer RH2 is located at
20 nucleotides upstream of ATG start codon. The
PCR reaction contained 20 ~30 ng DNA, 0.2 mmol/
L dNTP, 1 X Pyrobest buffer, 1U Pyrobest DNA
0. 5 pmol/L each of the
primers. The reaction profile included a pre-denature
at 94 C for 2 min, and 30 cycles of 94°C, 30 s;
55C, 30s; 72°C, 1 min. The PCR products were

separated on a 0. 8% agarose gel by electrophoresis

polymerase ( Takara ),

and visualized by a UVP system, then the target
product was subcloned and sequenced.

1.3 Construction of the recombinant plasmid

pRH3EGFP-1

The PCR product and the plasmid pEGFP-1
were digested with EcoRI and Bam HI and separated
on a 0.8% agarose gel by electrophoresis. The di-
gested DNA fragments were purified using a glassmilk
kit (MBI), then ligated to digested pEGFP-1 with
T4 DNA ligase, and transformed into competent cells
of E. Coli. strain Top 10F’. The positive clones
were selected on the kanamycin plate. The plasmid
pRH3EGFP-1 was extracted from E. Coli. Top
10F’, and identified with EcoRI and Bam HI diges-
tion (Fig. 1).

EcoRI (28)

EcoRI BamHI

Rainbow trout
histone H3 promoter

T, DNA ligase

Rainbow trout histone H3 promoter

SV40 polyA

Kan / Neod
SV40 ori

f1 ori

PSV40

Fig. 1. Construction of the recombinant vector pPRH3EGFP-1 in-
cluding rainbow trout histone H3 promoter and EGFP ¢cDNA.

1.4 Gene transfer

The recombinant plasmid pRH3EGFP-1 was lin-
earized with EcoRI and microinjected into the fertil-
ized eggs of rare minnow at concentrations of 50 ng/
pL and 100 ng/pl. In the meantime, the linearized
vectors, pPCMVEGFP which contains CMV promoter
and pCAEGFP which contains carp B-actin promoter,
were injected into rare minnow fertilized eggs at the
concentration of 100 ng/pL.

1.5 Detection of the EGFP expression

The expression of EGFP in transgenic fish was
directly observed under a 480 nm fluorescent micro-
scope. The activities of rainbow trout histone H3 pro-
moter, CMV promoter and carp B-actin promoter
were compared by the different brightness of green
fluorescence.

2 Results and analysis

2.1 Cloning of the rainbow trout histone H3 pro-
moter via PCR

A PCR product of about 500 bp was generated
from rainbow trout genomic DNA (Fig. 2). The
DNA sequence of the amplified product was aligned to
the previously reported sequences of rainbow trout hi-
stone H3 promoter and salmon histone H3 promoter
using the software Clustal 1.8. The cloned sequences
in the present study showed 19 different nucleotides
with the former and an 80.4% similarity with the
latter (Fig. 3).

M 1 2 3 4

——500bp

Fig. 2. The result of PCR. M, DNA marker (ADNA/EcoRI +
HindlIl); 1~9, Rainbow trout histone H3 promoter.

2.2 The activity of rainbow trout histone H3 pro-

moter in rare MINNOw

The expression of EGFP started at gastrula
stage. The green fluorescence was dispersed in the
embryo cells (Plate I (a)). When fish embryo devel-
oped to the neurula stage, the strong green fluores-
cence dots were ubiquitously distributed in embryo

(Plate IA (b)).
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(a)
PN I I T I T YT ST T T TR T PPy T T T Y T T T PP Y ST T YT I e T
Clome AT CTHCACTACTCHACCOCCAA TCTTT CAACCA GCAAAGTGICCTTTCTATACCTGACCARTTAT TTGUCATATTAG- - - - --ATACACACACATATAGACGGCA -y
R.trout ATCICTARTACOICTRCAACCTAACTACTCAACCOCCARAGGCTCTTT CCTAGCTCAACAA TTTCTATOCCTGGCCAACTAT TTRICATAT TTAI TAGATACACACACACATATACACGGCA
R T T Y T T T T T T L LT r LTy P g g L T LT Ty T T TS Y Y P TTYTYVT YT RON
Clone CCQTATCAAGTGCCCACATGAGGCCTAAATGAAGGATAACAAC TATTGCACATCANGTATAKCOT TACTCOCAACCCTAACAARAGACCCAMGC A0RCCR TeCATTTTIAGAE 300
R.trout €C ATGA CAACTAGT. T TATTGCQCATAMAATATA TC TGCATTTITAGAG 300
SeaENNeE GhMaNeseANenNEaERdedsen 48P AReAAALA0teNasaaneEeesatatacntineetal G0EANEeNRNAiietaNadaciadtasateced deiRASEIASRACEcIRNCAiaTatIRAtabadeanns
Clone CGACAC GAGCCTCCCETC ecac AAT! XICCGCTGCCAICTTTATARACTIC T rcea 430
R.trout ¢ TCCAAT@E- - -x CAATH 'CAATGAGC GGCCTIATANACTTC T rcce 450
sasasasitisaarceaiatcaaracenn CAAT box CAAT box TATA box
Clone ACTSTGAA igg
R.trout AC
(b}
B4 & 8 ams A SEe  SeeRAie €00 RSENALENMNNIALEAlaNAeteRARANeNilaNa SeAEALsteatANAANSRALARLAGE R0d  dakE RE4 & @ av & 6o aas aanene
Clome CTATTACNGNTNCGGTNGCAACTNCACTACTCRAOCCCCAARGACTCTTTTAAGAGCCARCCACCTAGC TCAACAAAL GCACARAGTGTCC TTTCTATACCTG- - - GCCAATTATT CACACA-CA 150
galmon ARATCGCTACTACAACTACCACTTAACTACTCAACCCCCARAGECTCTTTT TC AGCGCAMAGTGTCCTTTCT TACC TATATTTOIAGTANT A 150
06 4seks 4 4 4e 4 sebe 4 ane . . e © 4 asse ae eheeedaeadatacare arnunas sasacsan s PTYTYY)
AQTACCC- - ARAT TACTCGCIACCCTAACAARAGAC - ccmcacacc'rcaacma ------ Qraaea 300
sa.mm CCATATCATGAGICCTTAAATGA CTATTATTGCX T - - - -GTCIGCTCTAACAARA 300
€80 P4 MANAeeERNaNAEaEARIINEE GaLANOeNtASRINIA SARGARANRAGAARS AEaPa0EAANAREANAS Tatd SAddAcaans Bamse Asddadsed aransertas
Clcae GTTOCATTTT C 'CA XG6C TTT 450
Yalmon TTTGGATTT TCCCGTCCAATAGRCOT *CTCCoCC CAGGGTGATATAZAGATAGTAT CCAATC GCTACOIGCT TTCAC TTA 450
CAAT box CAAT box TATA box
MeenresecastrIsadtaattbatsiesRsRRedaboaa0ae
Clone GAGGCTATAC 475
Salmen mmcrnumcmcwrmmmcrmmc 486

Fig. 3. Homology of the sequences. (a) Cloned rainbow trout histone H3 promoter (upper) and the sequence of the reported rainbow trout his-
tone H3 promoter ( GenBank AF416499); (b) cloned rainbow trout histone H3 promoter (upper) and the sequence of the reported Atlantic salmon

histone H3 promoter { GenBank AF017147).

When the concentration of foreign gene was
50 ng/uL, the transgenic ratio could reach 70%, and
the expression of EGFP could be detected in 20% of
the transferred fry. When the concentration of for-
eign gene was 100 ng/uL, the transgenic positive ra-
tio was the same but the EGFP expression ratio was
56.7% . At fry stage, the intensive green fluores-
cence was detected only in a few organs, such as in
brain, eye, muscle, abdomen middle plate (Plate
IB). This indicates that the cloned rainbow trout his-
tone H3 promoter has the activity in various cell types
of Cyrpinoid .

2.3 Comparison of the promoter activity among
CMV, carp B-actin, rainbow trout histone H3 pro-
moters

The three vectors, pRH3EGFP-1, pCMVEGFP
and pCAEGFP, were respectively injected into fertil-
ized eggs at the same concentration. The fertilized
eggs developed under 14 ~ 18 T incubation and they
were observed under the fluorescent microscope
(Table 1). At late-blastula stage, the fluorescent sig-
nal could be detected in one out of 80 embryos inject-
ed with pCMVEGFP construct, while no expression
of EGFP was observed in the embryos injected with
pRH3EGFP-1 and pCAEGFP. In eggs injected with
pRH3EGFP-1, the EGFP gene was expressed at ear-
ly-gastrula stage and gradually became intensive along
with the development of the embryo. The strongest
expression of EGFP appeared at muscular reaction

and kept at a constant level at following
In eggs injected with pCAEGFP,
fluorescence was also detected at early-gastrula stage,

stage,
stages. the green
but the level of expression was very low when com-
pared with the other two promoters. However, at the
blocking blastopore stage, the expression and fluores-
cent intensity of pPCAEGFP in eggs were higher than
those directed by rainbow trout histone H3 promoter
(Plate IC). Analysing the fluorescent intensity by a
real time video system, it was found that the fluores-
cent intensity directed by rainbow trout histone H3
promoter was only one fourth of that directed by carp
B-actin promoter.

Table 1. Expression of pRH3EGFP-1, pCMVEGFP and pCAEGFP

in transgenic rare minnow

No. of expression®’

Late- Early- Blocking Muscular  Fry

Recombinant blastula gastrula blastopore reaction  stage

stage stage stage stage
(11h) (14h) (23 h) (48 h) (110 h)
pRH3EGFP-1 0/55 10/36 9/28 15/28 17/30
PCMVEGFP 1/80 20/60  50/52  50/53 40/43
PCAEGFP 0/74 5/40 24/36  28/35 21/28

a) positive/ tested
3 Discussion

In rainbow trout, the histone genes are arranged
in the order H4-H2B-H1-H2A-H3['"). The cloned
529 bp DNA region contains the histone H3 promoter
and the last 20 nucleotides of the histone H2A coding
region. The resulting sequence was aligned to the re-
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ported rainbow trout histone H3 promoter sequence,
which exhibited 19 different nucleotides between
them. However, because the samples were received
from different places, we could not explain what
caused this difference now. The homology compari-
son showed that the cloned histone H3 promoter was
80. 4% homologous to Atlantic salmon histone H3
promoter, suggesting that the nucleotide sequence of
histone H3 promoter is quite conserved.

About 300 transgenic rare minnow were obtained
by microinjection of the foreign genes. When using
an increased concentration of foreign gene (100 ng/
pL) for microinjection, the expression percentage of
the transgenic rare minnow increased a lot but more
abnormal fish fry was produced.

Though all of the rainbow trout histone H3 pro-
moter, CMV promoter and carp B-actin promoter
could direct the EGFP gene to express in rare minnow
embryo, their expression time and intensity were
quite different. Along with the embryo development,
all the promoters began to show activities at late-blas-
tula stage. At early-gastrula stage, weak f{luorescence
appeared in all transgenic embryos. After gastrula
stage, the expression of EGFP gene gradually in-
creased and the green fluorescence gradually en-
hanced. The strong green fluorescence was ubiquitous
at blocking blastopore stage. At this time, the per-
centage (66.7% ) of foreign gene expression directed
by carp B-actin promoter was higher than the percent-
age (32.1% ) of rainbow trout histone H3 promoter.
It was found that the fluorescent intensity directed by
rainbow trout histone H3 promoter was only one
fourth of that directed by carp B-actin promoter. The
results demonstrated that the activity of carp B-actin
promoter is stronger than rainbow trout histone H3
promoter after the gastrula stage. As a viral promot-
er, the CMV promoter was almost not influenced by
rare minnow genome, so it showed its activity earliest
among the three promoters and 33.3% of the em-
bryos transferred with CMV promoter exhibited the
EGFP expression at early-gastrula stage. Rainbow
trout histone H3 promoter started to show its activity
from gastrula stage. The percentage of EGFP gene
expression directed by carp B-actin promoter reached
the peak at muscular reaction stage. In conclusion,
the expression of pCMVEGFP was earlier than
pRH3EGFP-1 and pCAEGFP, CMV promoter was
the most active one among the three promoters, and
rainbow trout histone H3 promoter was the least ac-

tive one.

Zhao et al. !'¥! reported that CMV promoter and
carp f-actin promoter directed the expression of
EGFP gene at late-gastrula stage. They also proved
that the integration of foreign gene took place at blas-
tula stage. The present study showed that the expres-
sion of pPCMVEGFP and pCAEGFP was earlier in
rare minnow since the green fluorescence could be de-
Nevertheless, the
translation regulation of early embryos depends on the

tected at early-gastrula stage.

molecular factors coming from the maternal partner,
so that the transcription and translation of zygote it-
self do not occur until the beginning of zygotic
genome activation. From late-blastula to gastrula
stage, the embryonic cells begin to get differentiation
and the factors for transcription and translation are
gradually produced, thus it is the time for the expres-

sion of foreign gene to start and gradually enhance.

Since the expression of EGFP gene can be direct-
ly observed under the fluorescent microscope, it is a
simple and direct method to use the EGFP gene as a
reporter for analysing the foreign gene expression.
When the pRH3EGFP-1 transgenic embryos devel-
oped to fry, the expression patterns of foreign EGFP
gene appeared fairly diverse among fry. Some fry did
not express EGFP gene at all, some fry expressed
EGFP gene in some tissues, and some fry expressed
EGFP gene in all tissues. This revealed that the
cloned rainbow trout histone H3 promoter contained
the necessary regulation elements to direct EGFP to
express in various tissues of rare minnow. Therefore,
the rainbow trout H3 promoter could be used in the
transgenic research of Cyprinoid (such as rare min-

now) as an active promoter.
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Plate |

{b)

A. Observation of the gastrula of the transgenic rare minnow under the fluorescent dissector. (a) EGFP expression in the embryo cells. (b) EGFP expression at

the neurula stage.

(a) (b) (c)

B. Observation of the fry of transgenic rare minnow. (a) Expression of EGFP in brain, eye, abdomen middle plate of the transgenic rare minnow,

(b) Expression of EGFP in muscle of the transgenic rare minnow, (¢) Expression of EGFP in dorsal fin of the transgenic rare minnow.

(al) (a2) (bI) (b2) (c) (c2)

C. Observing the expression of EGFP directed by the three promoters in the transgenic rare minnow under the fluorescent dissector. (al). Directed by CMV
promoter in the late blastula of the transgenic rare minnow, (a2). Directed by CMV promoter in the early gastrula of the transgenic rare minnow. (bl). Directed
by carp B-actin promoter in the late gastrula of the transgenic rare minnow, (b2). Directed by carp B-actin promoter in the blocking blastepore of the transgenic
rare minnow, (cl). Directed by rainbow trout histone H3 promoter in the middle gastrula of the transgenic rare minnow, (c2). Directed by rainbow trout histone

H3 promoter in the blocking blastopore of the transgenic rare minnow.



