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The Development of Peptide Nucleic Acid in Gene Regulation

GONG Xia” LE Guo-Wei SHI Yong-Hui
Food college of Southern Yangtze University Wuxi 214036 China

Abstract Peptide nucleic acid PNA is a kind of artificial DNA mimic. PNA hybridizes with DNA or RNA by means of Wat-
son-Crick’s base- pairs complementary with high stability affinity and selectivity. PNA not only regulates DNA replication  but
also adjusts DNA transcription or reverse transcription and translation. Many applications have been explored as a new kind of

molecular biological tool and a gene-targeting strategy .

Key words peptide nucleic acid PNA  gene expression regulation
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A Transgenic Mouse That Targets the Expression of Cre Recombinase

in Pancreatic Tissue
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Abstract The transgenic mice that express Cre recombinase in a tissue specific manner is a powerful tool in generating the condi-

tional gene knockout mice. The rat insulin promoter was cloned target the expression of Cre in pancreatic tissue. The Cre gene was

modified by adding the nuclear localization signal and the sequence for initiation by eukaryotic ribosomes at 5’ terminal of the Cre

gene. Cre gene was linked to the intron of human growth factor gene. This construct was introduced into the mouse eggs using mi-

croinjection. Seven mice were identified as founders carrying the Cre gene by PCR. The results of RT-PCR showed that the trans-

genic mouse from one founder could transcribe the foreign gene in pancreas. The Southern blot analysis indicated that the Cre

recombinase expressed in pancreas of the transgenic mouse was functional.

Key words transgenic mouse cre recombinase pancreas

The bacteriophage P1 Cre recombinase which is a site-specific
DNA recombinase recognizes specific 34bp sequences called LoxP
sites and catalyses recombination between two LoxP sites' .
Recombination can excise the intervening DNA segment between two
same direction LoxP sites. Cre recombinase is a 38 kD protein and
belongs to A integrase superfamily. Since the first introduction of the
Cre/LoxP system into the eukaryotic genome by Sauer in 1988 this
excisive feature of the Cre recombinase has become a powerful tool
for the conditional and tissue or cell-specific deletion of genes” . In
1994 Gu et al. established the first cell-specific gene knockout
mice using the Cre/LoxP system’ .

The complete disruption of embryonic development related
genes frequently resulted in embryonic lethality which makes it im-
possible to obtain the adult animals. Tissue specific gene targeting
can overcome the shortage of the conventional gene knockout techn-
ology. The conditional gene targeting mice Floxed mice could be
obtained by inserting the LoxP sites into the introns flanking the most
important functional domain of the target gene through homologous
recombination since the LoxP sites are not going to affect the tran-
scription and translation of the target gene. Tissue specific gene
knockout mice could be generated by crossing the conditional gene
targeting mice with the tissue or cell specific Cre transgenic mice.

The target gene could be disrupted through the Cre/LoxP dependent

Received 11-07-2001

recombination in the specific tissues or cells. The target gene main-
tains functional in other tissues or cells in which Cre does not
express” .

Our previous researches show that Smads gene family can di-
rectly transduce the transforming growth factor-3 TGF-$  signals
from the membrane to the nucleus and involve in pancreas cancer.
Targeted disruption of murine Smad2 Smad4 and Smad5 gene re-
sulted in embryonic lethal ° . To further study the function of Smads
in tumorigenesis of pancreas cancer we have to generated pancreat-
ic tissue specific gene knockout mice. The establishment of the
transgenic mouse that targets the expression of Cre recombinase in
pancreatic tissue will lay a solid foundation for producing the pancre-

. . .6
atic tissue specific gene knockout mice” .

1 MATERIALS AND METHODS

1.1 Materials

The pIC-Cre covering the Cre gene was kept in our lab” . The
pBS-hGH covering the human growth hormone hGH  gene was
kindly provided by Dr. Mark A. Magnuson® . The LoxP reporter
mouse was kept in our lab. Kunming White mice were prepared by
the Center of experiment animals of the Academy of Military Medical

Sciences.

Restriction endonucleases T4 DNA liganse and Taq DNA

This work was supported by Grant form the National Natural Science Foundation of China No.30070837 and National Science Fund for Distinguished Young

Scholars  No.30025028 .
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polymerase were purchased from Promega and Sino-American Com-
PMSG

gondadotropin  amd hCH human chorionic gondotropin were pur-

panies. The chemical reagents pregnant mare serum
chased from Sigma Company.

M2 and M16 mediums were prepared according to re-
ference °
1.2 PCR primers

The PCR primers were designed by us and synthesized by Insti-
tute of Biotechnology.

RIP primer P1 5" AGGATCCCCCAACCACTCCAAGT 3’

RIP primer P2 5" TTAGGGCTGGGGGTTACTGAATC 3’

Cre primer P1 5' GCCTGCATTACCGGTCGATGC 3’

Cre primer P2 5" CAGGGTGTTATAAGCAATCCC 3’

Cre primer PA 5" TTGCCTGCATTACCGGTCGATGC 3’

Cre primer PB 5" TTGCACGTTCACCGGCATCAACG 3’
1.3 The construction of vector

The manipulation of the expression vector was carried out as
described in reference ."°
1.4 Embryo collection

4 weeks old Kunming white female mice were used for super-
ovulation. Females were injected 10IU PMSG intraperitoneally at
noon on day one and were injected 10IU hCG at noon on day three
then were crossed with fertile stud males. Vaginal plugs were
checked before noon on day four. The pregnant mice were sacrificed
by cervical dislocation and fertilized eggs are removed from the swo-
llen ampullae of the Fallopian tubes by dissection. The embryos are
freed from attached cumulus cells by brief incubation in the presence
of hyaluronidase. Wash the isolated embryos four times with M2 me-
dium. Transfer the embryos from the M2 medium into the M16 cul-
ture and keep the plate in the incubator 37°C 5%CO, .
1.5 Microinjection

Embryo injection and pipettes preparations were made as de-
scribed. Typically 20 ~ 30 embryos were processed at a time. One
by one they were picked up by gentle suction onto a holding pipette
and injected with the injection needle. DNA was injected into the
pronucleus and successful injection was indicated by swelling of the
pronucleus. Embryos that had been injected were returned to the in-
cubator for 30 ~ 60min in M16 medium. Transfer the embryos from
M16 to M2 medium before implantion. load the embryos into the
transfer pipette. Embryos were reimplanted into the oviduct of an-
aesthetized pseudopregnant females. Offspring were born after suc-
cessful implantion.
1.6 PCR analysis for transgenic mice

The genomic DNA was prepared from mouse tail using standard
method. PCR was carried out using corresponding Cre primers.
1.7 RNA preparation and RT-PCR

Total RNA was isolated from the pancreatic tissue of adult Cre

mice using TRIZOL GibcoBRL . One microgram of RNA was re-

verse transcribed using SUPERSCRIPT-RT from Gibco BRL and oli-
go dT -primers. An aliquot of 2 pL of the RT-reaction was used in
a 50 pL PCR reaction.
1.8 Southern-blot analysis

The genomic DNA was prepared from all kinds of tissues and
digested with EcoR V. Southern-blot analysis was carried out using

appropriate probe.
2 RESULTS

2.1 The amplification of the rat insulin promoter by PCR
The rat insulin promoter RIP was amplified from rat genomic
DNA using PCR. RIP primer P1 and RIP primer P2 were designed
based on rat insulin gene 5’ transcription regulation sequence ac-
cording to reference "' . The 705bp PCR product was cloned to
pucl9 vector. The nucleotide sequence of the rat insulin promoter
fragment was confirmed by sequence determination.
2.2 The modification of the 5’ terminal of Cre gene
Nucleotide sequences surrounding the translation initiation codon
of the Cre gene were modified using a PCR method. An oligonucleo-
tide  ACCATGGGCCCAAAGAAGAAGAGAA  AGGTTTCGAATT-
TACTGACCGTACAC  was used as a 5" primer for PCR amplifica-
tion by which the optimal sequence for initiation by eukaryotic ribo-
somes ACCATGG and the nuclear localization signal peptide Gly-
Pro-Lys-Lys-Lys-Arg-Lys-Val corresponding to the nucleotide GGC-
CCA-AAG-AAG-AAG-AGA-AAG-GTIT  was introduced into the N-
terminus of the Cre enzyme ”" . The 3’ primer for PCR is
GAAGATAATCGCGAACAT . PCR fragment was blunt-ended by Kle-
now fill-in and digested with Nrul then the extracted fragment re-
placed the Sall to Nrul fragment in the 5" terminal of Cre gene. The
modified Cre gene was confirmed by sequence analysis.
2.3 Generation of the insulin-Cre recombinase construction
The modified Cre gene was placed under the control of the rat
insulin promotor and followed by the human growth hormone hGH
. The resulting RIP-Cre-hGH

transgene was released from the vector as a 4kb Kpnl- Not1 fragment

intron and poly A signal Fig.1

using a Promega DNA Clean-up gel extraction kit. The isolated frag-
ment was diluted to 2 pg/mL in a modified TE buffer 10mol/L Tris
pH7.5 and 25mmol/L. EDTA for microinjection.
2.4 Generation of transgenic mice

Transgenic mice were produced using microinjection. The iso-
lated RIP-Cre-hGH DNA fragment was microinjected into the pronu-
clei of mice embryos. The injected embryos were reimplanted into
the pseudopregnant females. Offspring were born after successful
implantion.
2.5 Identification of the Cre transgenic mice

Tail DNA from potential founder mice was screened by PCR
using the Cre primer P1 and Cre primer P2 which amplify a 480bp

SragmeytThemplievdling consisted of 2,5 - min denaturation a9 5 °C,



288 Chinese Journal of Bitochnology Vol. 18
A B
Spel — 3 4 5 — Spel
880bp
RIP-Cre-hGH(4.0kb)
Transcription
Fig.1 Structure of the RIP-Cre-hGH transgene
— 530bp

The rat insulin promoter is linked to the coding sequence of the
Cre gene followed by an intron and polyadenylation site from

the human growth hormone gene

Table 1 The results of microinjection

Selected Injected  Transplanted ~ Receptor Birth  Positive
Embryos Embryos Embryos Mice Mice Mice
2000 700 600 24 27 7

followed by 30 cycles of 30 denaturation at 94°C
58°C and 30 s extension at 72°C. Cre primer PA and Cre primer

15 annealing at

PB were used to check the positive results which amplify a 368bp
fragment at 68°C for annealing Fig. 2 . It was demonstrated that 7

founder mice were obtained.

1 2 3

—480bp

—368bp

Fig.2  Identification the positive Cre founder mice using PCR
1. PCR Marker 2.PCR product using Cre primer P1 and P2 3.PCR prod-
uct using Cre primer PA and PB

2.6 Reverse trancriptase-PCR assay of Cre-hGH mRNA
Total RNA was isolated from mice pancreatic tissue. cDNA
synthesis was carried out using Promega reverse transcription sys-
tem. After cDNA synthesis PCR was carried out in 50pL reactions
containing Spl of 10X PCR mix 1.5mmol/L MgCl, 40pmol/L
dANTP 2.5 units of Taqg DNA polymerase and 10 pmol of the prim-
ers 5'- GAAGCCTATATCCCAAAGGAA-3" and 5'- ACTGGAGTG-
GCAACTTCCAG-3'
RIP-Cre-hGH transgenic mice. The other 6 positive mice didn’t am-

which amplify a fragment of 530 bp in one

plify the PCR product. Because the PCR primers are located in the
third and fifth exon of hGH respectively the unspliced mRNA
should amplify a fragment of 880 bp Fig.3 . The advantage of
having the primers in the hGH portion is that PCR product span a
the RT-PCR reactions only detect
RNA  and not contaminating genomic DNA. The 530 bp PCR frag-

ment indicated that this transgenic mouse transcribed the foreign

splice junction. In this way

DNA in pancreas and the pre-mRNA was spliced correctly.

SpeIL«éé&»—[Spd
= 530bp —

Fig.3 A Structure of the hGH gene spliced after transcription. Boxes
represent the exons and arrows represent the primers used for RT-PCR.
B Expression analysis of Cre-hGH transgenic mice using RT-PCR. A
530 bp band represents the spliced hGH mRNA

1.PCR Marker 2. Positive transgenic mouse 3. Negative control

mouse

2.7 Assessment of Cre recombinase using Southern blot ana-
lysis

The RIP-Cre transgenic mouse was mated with the LoxP/LoxP
reporter mouse to get the Cre and LoxP double transgenic mouse. To
determine the efficiency and specificity of Cre recombinase the big-
enic mice having RIP-Cre and LoxP/ + transgenes were sacrificed
and different tissues were removed to prepare genomic DNA accord-
ing to Hogan et al. The efficiency of Cre recombinase was usually
assessed by Southern blot analysis. DNA was digested with EcoR
V and the blots were probed with a 2.6kb DNA fragment located at
the 3" end of the LoxP anchored targeting gene. 9.5kb band was
found in wild type. The band was shift down from 9.5kb to 4.4kb
in the LoxP anchored allele because a new EcoR V site was intro-
duced with the LoxP site. As Cre/LoxP recombination occurred be-
tween two LoxP sites the introduced EcoR V site disappeared and
the bolt band became 7. 1kb Fig. 4 . We detected the 7. 1kb
band in pancreatic tissue. We can still found 4.4kb band because
the Cre recombinase only expresses in part of pancreatic cells. The
presentation of 7.1kb band demonstrated the transgenic mouse ex-

pressed functional Cre recombinase in pancreatic tissue.

A B
EcoRV; EcoRV 1 2 3
i Target gene
Wild type allele 9.5bp probe
EcoRV: EcoRV EcoRV
LoxP archored allele 4.:‘1;%{1{)get gene
EcoRV~ rEcoRV
Cre-mediated
recombination 7.1kb

Fig.4 A Schematic representation of the strategies used to produce
the flox target locus and detect Cre-mediated recombination. The short
black line indicates the probe used to detect recombination. B South-
ern blot analysis the target locus before and after Cre-mediated recombi-
nation. Genomic DNA from various tissues was digested with EcoRV.

Lane 1 ~4 are brain intestine pancreas and muscle respectively. A
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3 DISCUSSION

In order to construct the transgenic mice that the foreign Cre
gene only expresses in pancreatic tissue. There are several barriers
have to clear up. Firstly the expression of Cre must be controlled
in pancreatic tissue. Secondly the substrate of Cre recombinase is
DNA  the Cre protein has to span the nuclear membrane and accu-
mulate to the nucleus. Thirdly Cre gene comes from procaryotic P1
phage and can’t express effectively in eukaryotic transgenic mice.
We found the appropriate methods to solve these corresponding bar-
riers. The rat insulin promoter RIP was amplified using PCR
which can dictate the expression of the Cre in pancreatic tissue. The
nuclear localization signal ~NLS  Gly-Pro-Lys-Lys-Lys-Arg-Lys-
Val suffices to promote efficient nuclear accumulation of cytoplasm
protein. The NLS introduced Cre protein is synthesized in the cyto-
plasm from which the mature polypeptides migrate rapidly to the
nucleus. In 1986 Kozak ” identified ACCATGG as the optimal se-
quence for translation initiation in eukaryotic ribosomes. We add the
sequence ACCATGG to the upstream of procaryotic Cre gene. The
modified Cre gene will express efficiently in transgenic mice. As to
hGH the added hGH aid the expression of Cre. The mechanism is
not clear. We like the idea that there are sequences in hGH that de-
termine nucleosome spacing just like an enhancer and there is some

14~16

experimental evidence for this . We finally established a trans-
genic mouse model for expression Cre recombinase in pancreatic tis-
sue. All this also demonstrated the construction of Cre expression
vector is successful .

We only got a transgenic mouse from 7 founder mice. Not
every transgenic founder mouse expresses Cre recombinase effective-
ly due to the unpredictable nature of chromosomal position effects. If
promoter or protein encoding sequences of the transgene have been
compromised during the integration process the transgene will be
essentially inactive. Intact transgenes can also remain silent if the
genomic integration site is located in a heterochromatin region
which is transcriptionally inactive. Alternatively integration close to
highly active genes may have a boosting effect on the transgene ex-
pression  this situation may lead to background expression '’ '*
From our experiment we also found Cre expressed slightly in liver
spleen and some other tissues besides pancreatic tissue due to back-
ground expression .

In recent years the Cre/LoxP system has been widely used for
tissue specific ablation of a particular gene. The expression of Cre
recombinase is controlled either by using a tissue specific promoter
or in a ligand dependent manner. Under this situation the ablation of
the target gene can be restricted in a particular cell type by tissue
specific expression of the Cre recombinase. A series of Cre trans-
genic mice have been established in America and Europe. It is just

the beginning in domestic research.
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