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Cloning and Characterization of a New Gene Encoding
C2H2 Zinc Finger Protein Which May Play an
Important Role in T Lymphocyte Development®
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Abstract  Some of proteins associated with differentiation and development of cells and tissues contain zinc finger domain.

To clone and characterize proteins that are related to the hemopoietic cell differentiation and development. C2H2 zinc finger

domains were amplified by RT-PCR with degenerated primers designed according to the conserved amino acids. Total RNA

was extracted from human bone marrow. Some expressed sequence tags { ESTs) containing the zinc finger motif were

acquired and one of them was used as probe to screen human bone marrow c¢DNA library. As a result, a new gene
{ GenBank accession number: AF246126) was cloned and designated HZF2. The full length of the ¢cDNA is 3 888 bp and
the open reading frame encodes a protein with 686 amino acid residues containing 17 typical and 2 atypical C2H2 zinc
finger motifs. Northern blot and Human RNA Master Blot analysis suggested that HZF2 might play an important role in T

cell development and amplification. The fragment encoding the complete HZF2 peptide was inserted into the eukaryotic

expression vector pEGFP-N1 and introduced into 3T3 cells. The fusion protein was located in cell nuclei, which was a

consistent with the conjecture that HZIF'2 may function as a DNA-binding protein to regulate gene transcription.
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Differentiation and development of cell, tissue and
organ is a complex process and it is associated with the
special gene expression. Transcriptional factors play
very important role in regulation of specific gene
expression. Transcription factors perform at least two
functions: They bind specifically to cis-acting elements
of genes and they regulate transcription initiation. The
structure analysis of the transcription factors revealed
the DNA-binding domains are usually modular in
nature. Zine finger motif is one of typical DNA binding
motifs and it can be divided inte three types, C2H2,
C4 and C6. CZH2 type is the most common one.
Sometimes cysteine {( C) and histidine { H} can be
substituted with aspartates ( R) and glutamic acids
(). Several C2H2 type zinc finger proteins that have
important  functions have been identified and
characterized.

In order to identify new zinc finger proteins that
may bhe involved in blood cells differentiation and
development, we designed degenerated  primers
according to conserved amino acids in C2H2 motifs to
amplify ¢cDNA fragment encoding the zinc finger motifs
using the human bone marrow cDNA as template!.
We used rapid amplification of ¢cDNA end ( RACE)
combining with cDNA library screening to overcome the
false positive that may be caused by DNA homology'® .
As a result, a new gene ( GenBank accession number:

AF246126), named HZF2, was identified. The full

zinc finger protein, c¢DNA library screening, expression spectrum, T cell development

length of HZF2 is 3 888 bp with an open reading frame
encoding a peptide of 686 amino acid residues
containing 19 C2H2 zine finger motifs. We analyzed
and deduced its function according to the result of its
mRNA transcription in human tissues.

1 Materials and methods

1.1 Materials and reagents

Trizol, M-MLV reverse transcriptase, RNasin,
DNase [, LipofectamineTM 2000 and human bone
marrow cDNA library are products of Gibco BRL
Company. DNA fragment purify kit is from BioDev.
T-vector and ** P labeling kit are from Promega.
Primers were synthesized by Shanghai Sangon. The
Multiple Tissues Northern { MTN™) Blots and Human
RNA Master Blot were obtained from Clotech
Company. [ a-P]-dCTP was from Beijing Yahui
Company.
1.2  Methods
1.2.1 Extract of total RNA from bone marrow: About
2 ml bone marrow was obtained from a normal
volunteer total cellular RNA was extracted from bone
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marrow cells using Trizol.

1.2.2 Reverse transcription PCR, subcloning and
sequencing: After treatment of the RNA with DNase [
mRNA was reverse transcribed into ¢cDNA with M-MLV
reverse transcriptase using Oligo ( T15} as primer. The
cDNA was used as template for PCR amplification of
the sequences encoding C2H2 zinc finger domain. The
sequences of the degenerated primers were: 57 GG{TC)
TT{ TC) TC{ ATCG} CC{ ATCG) GT( AG) TG 3", 5" TG
{ TC) CCL ATCG) GA{ GA) TG{ TC) GG ATCG) AA 3",
The procedure of PCR is different from normal PCR.
The reaction was split into three parts. The steps for
the first part were at 94°C for 1 min, at 37°C for
2 min, heating to 72°C in 2 min and extending for
3 min. Totally 5 circles were included in this part.
There were 35 circles in part 2 and the steps were at
94°C for 1 min, at 45C for 2 min, at 72°C for 3 min,
and it was followed by an extension time for 10 min as

part 3. PCR product was verified by low melting
agarose gel electrophoresis and the DNA {fragments
were  cloned into  pGEM-T easy vector. DNA

sequencing reactions were performed using the BigDye
terminator cyele sequencing kit.

1.2.3 Nested-PCR and human bone marrow cDNA
library screening: One EST was used for screening
human bone marrow cDNA library. Based on the EST
sequence and the result of homology comparison hy
NCBI blast, nest PCR primers were designed in non-
homology region at the 5" primer of the selected EST.
These primers, combined with the SP6 promoter primer
that are located in the upstream of the multiple cloning
sites of the vector plasmid of the cDNA library, were
used to extend the 5" side of the cDNA containing the
EST. The amplified fragment was labeled with o-"P
and used for screening human bone marrow cDNA
library. Several positive clones were picked up after
the first round of screening. The positive clones were
screened for two additional rounds to get single positive
colonies. Several positive clones were acquired after
three rounds of screening. The longest clone was
sequenced.

1.2.4 DNA cDNA
analysis: The clone with the longest

sequenced by Boyia Company in Shanghai. Nucleic

Sequencing ELHd sequence

insert was

acid and protein database searches were performed at
the NCBI, EMBL, DDBJ, PDB server. Nucleic acid
and protein sequences were sent to GenBank database
to register. DNAMAN and DNASIS software were used
to analysis the ORF and compare the ¢cDNA sequence
with the EST sequence.

1.2.5 Analysis of HZF2 transcript in tissues: The
0. 8 kb fragment, which is located at the 3’ side of
HZF2 ¢DNA and is low homology with known DNA
sequences, was labeled by *P. The Multiple Tissues

Notthern ( MTN™) Blots and Human RNA Master Blot
membrane were hybridized with the **P labeled probe.
Prehybridize the blot in 10 ml of ExpressHyb with
1.0 mg sheared salmon testes DNA for 30 min at
65C. Mix the labeled probe with 30 pg of Cgt-1
DNA, 150 pg of sheared salmon testes DNA, and
50 wl of 20 x SSC, in a total volume of 200 pl. Add
the probe in 5 ml of ExpressHyb with 0.5 mg sheared
salmon testes DNA for 6 h with continuous agitation at
65°C. The blot was washed twice at 55C for 30 min
and exposed to X-ray film at —70C.

1.2.6  Subcellular localization of HZF2-GFP fusion
protein in transfected 3T3 cells: Full-length HZF2 ORF
was inserted into pEGFP-N1 vector. 3T3 cells were
transfected with the construct using Lipofectamine™
2000. Subcellular localization of the fusion protein was
checked by {luorescence microscope 24 h  after
transfection.

2 Results

2.1 RT-PCR amplification of RNA regions encoding
zine finger domain

After the products of reverse transcription of bone
marrow RNA were PCR amplification using the
degenerated primers, electrophoresis was carried out
through agarose gel. Six bands, with the lengths of
81 bp, 162 bp, 243 bp, 324 bp, 405 bp and 486 bp
respectively, were identified and they stand for DNA
corresponding 1 to 6 zinc finger motifs respectively.
2.2 Nest-PCR and human bone marrow cDNA
library screening

Non-homology region of 5" end of one selected
EST was amplified by nest-PCR  method. The
amplification fragment was cloned into T-vector easy
and was used as a probe for screening human bone
marrow cDNA library. Several positive clones were
acquired after three rounds of screening. The length of
inserts was identified by PCR. Several inserts with
different length were observed, which stand for cDNA
fragments derived from identical mRNA but with
differentially truncated 5' end. The longest one was
3.9 kb.
2.3  Analysis of the cDNA sequence

The clone was sequenced. The length of the
cDNA was 3 888 bp ( Figure 1)}. Analysis of the
sequence by DNAMAN software revealed a full read
frame encoding 686 amino acids from 1 074 bp to
3134 bp. Continuous 19 C2ZH2 zine finger motifs
including 17 typical and 2 atypical ones
identified. We designated it as human zine finger
protein 2 ( HZF2). [ts GenBank access number is
AF246126.
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1 ctggtecgea atteccgget cgacccacge gteegetttt atgtaatgac accattactg
61 cttgtgatta ttetgataty atactitate tgttttttit tectaaatat cacaagetat
121 taasatttatt tcacaattga ctagtagacc actitgtcaa titggassac attettgtta
181 aagacaaaca tatctacatc cagaaactit ctataccttg ctitcamaga gacageattc
241 tttgetagee ttecaatittt gactcagtge asaagectta gaaggatceca gigeataggt
201 ctteatgett teetttcace ccaagtgatt atcaactttg attittctet teageaataa
361 cteacttggt gtacccctac cteaggtaca gettttcaac titgeageaa aactgtactt
421 tctagttett tttgtatttc agatacctta cttgtaaaag ctettttget ctatgacetg
481 gctcasactt asacttggea titgaagtia gaagaasatgt tggaagtcat ttatatatga
541 agaaatgttg gaaggactca tatatgeata cattcctiga gtpactatga atgactgeeg
601 ggragtaact tctgggetet ggttgtasac tgtgageact acasaatgtt tttcettatt
661 gataccatat tatggtagea asgacatgga atasasaatt tagatagtat gtcagtagtt
721 gptgtttttaa atggegtttca ttagtgetta geaattgegea gettggtgea ceatctettg
781 pttttgeace atctettget ttetgteagt atgtasacca gaaacttcaa atgtgtcaca
84] aaagatgagc agaactatcc cgaggttcat tasagtettt tactetgtee tcagtgtgaa
901 atcttaaatc tttgaacaaa asaattcact atctetctza atcetttgtc cttacaggag
961 agaaasatca aagtaagtta attactgttc aagacagaga atcagaagaa gagetttett
021 gttggeaaat ctggeaacaa attgeaaatg acttaaccag gtgtcaagac tccATGatcea
081 ataattcteca gtgtracasa caaggtgatt tccottacca ggtagggaca gaactgicta
141 ttcasatttc tgaagatgag aactatatag taasataaagc agatggtcce aataatactg
201 ggaatceaga gtttectate tigagaacce aggattettg gaggaaaaca ttcetgactg
261 agtcacagag attgaacaga gatcageaasa tittccataaa asataaatta tgteaatgta
321 agaagggtgt tgatcccatc ggttggatit cacatcatga tggtcataga gtacacaaaa
381 gtgasmaaatc ttatagaccc aatgattatg aasasagacaa catgaagatt tigacatttg
441 atcacaatag catgattcac acaggacaga aatcgtacca giptaatgag tgtasaaaac
501 cctteagtga tetetecage tittgatctic atcageagtt acaatcagega gagaagtcotce
551 ttacatgtgt tgagcgtgea asaggettect gttacagece agttettcet gticatcaga
621 aagtacatgt ggepagasaaa cttaagtgtg atgagtgtpg taaggaattc agtcagggeg
681 ctcatctaca gacccatcag asagtccacg tgatagagaa accatacaaa tgtaagcaat
741 gteggasagg tttcagtcegt agatcageac ttaatgtica tigraagetc cacacggeag
801 agaaacctta taattgtgag gagtgtggra gggecticag tcaggectct catcticage
861 accatcagag actccacact ggggagaage cattcaaatg tpatgeatgt ggtaagaget
921 tcagtcggaa ttcacatett caatcccatce aaagagttca tacaggagag asaccataca
981 aatgtgagga gtgtggtaag ggettcattt gtagetcaaa tetttacatt catcagagag
041 tccacacagg agaaaaacce tatasatgte aggaatgtgg tasaggettt agteggeett
101 caagtcttca ggeccatcag ggagtteaca ciggpagagaa gteatacata tgtactgtat
161 gtggraaage ctitactctg agtitcaaatc ticaagecca teagagagitc cacactggag
221 agaagccata caaatgeaat gagtegtzgea agageticag gaggaattce cattatcaag
281 ttcatctagt ggtccacaca ggagagaaac cctataaatg tgpagatatgt gggaaggget
241 tcagtcasag ttegtatett caaatccatc agaaggecca cagtatagag asacctttta
401 agtegtgagea gtgteggeag getttcaatc agageteacg acttcagatt caccagetga
461 tccatacgeg tgagaasacca tacasatglg aagagtgteg caageggatit agtcgtagag
b2l cagatcttaa aattcactgt aggatccaca caggagagaa accatataat tgtgaggagt
gtegggaaget cticaggeag gcctcaaatc tittgeececa tcagagagtic cacagiggag
641 aaaaaccatt casatgtgaa gaatgtggea agagtttcgg tcgeagtgea catcticaag
701 cccatcasaa agtccacact ggagataage catacasatg tgatgagtgt gggaaggect
761 tcaagtggag ctigaacctt gacatgeatc agagggtgea cacaggagaa aaaccatata
821 aatgtgegea gtgtggtasg tacttcagtc aggecteaag tottcaactt catcagagtyg
881 tccacacagg agagaaacca tacaaatgtg atgtgtgtes tasagtctic agteggtott
941 cacaactaca gtetcatcag cgagticaca ctggggagaa accttataaa tgtgagatat
001 gteggtaagag cttcagttge cpatcaaatc ttacagttca tcacagaate catgtiggtg
061 ataaatccta tasaagtaat agggetegta agaacatcag agaatccaca caggasaaaa
121 aatctataas aIGAttcttt gtgaagactc gtgtcatttg aattettcca gttatcaagt
181 ctraaagtca gigittcage cgtageteet catgtcccag tgeiccasag acaacaasac
241 aatctttatg attageatag caagggette tttagteaga accttgacet ttataaaatg
301 ttacttagaa gageggetgtt aagagtgaaa tttttctcag geoettitata aasagtatcat
261 ggtggacatg ccaaaattaa gtgtecacta gaatgttaac tecataaaga cagaaacttt
421 gttecactact gaatctacat aatcttacca ttgeecatata cttcacaggt getcaatatt
481 tgttaatagg tcetttitga asattatgtt gagatcacct gragaatatc atgaatttgt
541 aaacaggaasa cctgaaagta geocttaataa gattaagtcg ggagaccatt gaasatgtaga
601 aaaccactca atactgaact cceccaatgtt aatttggeat tgtcttgtega ttagatcetg
661 tectecttta gectcactaa tcaagttgeg teoctatette ccagatgtet agttttetac
721 tggttttata ccatatagat tcaattatet titgtaacag ataattgtegt teatcttgta
781 ataactggac actacatact acacttattt tittcaacac tgtttaggea aggegtittaa
84] gtgaanaaaa aaasasaaas aasdaaaass Aaaasaaasd asdaaaas
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Fig.1 Sequence of HZF2 ¢DNA and the deduced amino acids
ATGstart code, TGA:stop code. The amino acids of znic finger motifs are underlined. @ and @; cysteine and histidine by which a Zn

1on is liganded form the zine finger motif.
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2.4 Analysis of HZF2 transcript in tissues
A 0.8 kb fragment that locates in 3" side of the !l 2 3 4 5 6
¢DNA and low homology with the known DNA kb
sequences was used as a probe for hybridization with
the multiple tissues Northern blot mRNA transfer
membrane ( Figure 2). The result showed that HZF2’s
transcription in lymph node and thymus is pretty high. 44
Its transcription in spleen and fetal liver is lower than e
that in lymph node and thymus. The transcription is ”
very low in bone marrow and it is hardly detectable in

75 -

peripheral blood leukocyte. 24 —

Human RNA Master Blot membrane was also used
for analysis of HZF2 transcript in 60 adult tissues, 7
fetal tissues and 8 tumor cell lines. The results for
adult lymph node, thymus, spleen, bone marrow, fetal

liver and peripheral blood leukocyte were consistent
with the results by using the Northern blot mRNA
transfer membrane. In addition HZF2 transcript was
also highly in some portions of brain, placenta and
adrenal gland while it was very low in other tissues.
HZF2 transcript in 8 tumor cell lines including B

Fig.2 Analysis of HZF2 transcript in human tissues
associated with blood cells
1: spleen; 2: lymph node; 3: thymus; 4: peripheral blood leukocyte;
5: bone marrow; 6: fetal liver.

lymphocyte tumor cell lines Raji and Daudi and T
lymph cell leukemia cell line MOLT-4 was also very
low ( Figure 3).
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Fig.3 Analysis of HZF2 transcript in human tissues using Human RNA Master Blot membrane
(a) Hybridization with 3’ end of HZF2 ¢DNA as a probe; (b) Hybridization with B-actin cDNA as a probe; (¢)60 human tissues, 7 fetal tissues and
8 tumor cell lines mRNA blotted on Human RNA Master Blot membrane.
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2.5 Subeellular localization of HZF2-GFP fusion
protein in 3T3 cells

3T3 cells were transfected with the pEGFP-NI1-
HZF2 construct. HZF2-GFP fusion protein is located
in the nuclei while the EGFP i1n the whole cells
{ Figure 4) .

{al {bi

ig.4 Subcellular localization of HZF2-GFP fusion protein
P
in 3T3 cells
( 2} pEGFP-N1-HZF2 construct; (b} pEGEP-NI control

3 Discussion

Zine finger motif 1s an impertant DNA-binding
domain in transeription facters. Hundreds of zine finger
proteins have been identified and characterized up to
now. There are several zine finger proteins related to
hematopoiesis, such as GATA family, FOG!, EKLF
and FKLF-Z, which play roles in red cell and
megakaryoeyte differentiation, WTl and Egr-1™ in
macrophage differentistion, as well as MZF-1 in the
differentiation, proliferation and apoptosis in earlier
myeloid cells!™ .

HZF2 is a e¢DNA we cloned from human bone
marrow ¢DNA hibrary. It 1s 3 888bp long and contains
an open reading frame of 686 amine acids. The
deduced protein contains 17 typieal and 2 atypical
C2H2 zinc fingers continuously. Further analysis
showed that there were 5 bases different between HZF2
eDNA and the EST sequence while these differences
did not change amino acids, suggesting that there are
single nucleotide polymorphisms within the gene in
different individuals. Variation of nucleotides but
conservation of amino aecids coded is a charascter of
many genes that are erueial for eell normal funetions.

Northern blet and human RNA Master Blot
analysis showed HZF2 transeript with a high levels in
lymph node, thymus, placenta, adrenal gland and
several portions of brain, with a moderate level in
spleen, fetal liver , with a low level in bone marrow

and hardly detectable in peripheral leukoeyte. Thymus
1t a central 1mmune organ. In adults pmgenit()rs of T
cells initiate from bone marrow and then immigrate into
thymus where they differentiate and develop. Then the
matured T lymphocytes leave thymus and habit 1n
peripheral immune organs. Lymph noede and spleen are
important peripheral immune organs where there are
large numbers of T and B lymphoeyte as well as eells
that support and promote their development and
amplification. Bone marrow is the major organ where B
cells develop. PFrom the high expression of HZF2 in
thymus and lymph nedes we can speculate that HZF2 1s
associated with T and B lymphoeyte. From the low
expression of HZFZ in bone marrow where B eells
develop the relation between HZF2 and B cell
deve]()pment could be exeluded. Moreover, from the
hardly  detectable HZF2 peripheral
leukeeyte with abundant T eells and in T lymphoeyte
leukemia line MOLT4, we can conclude that HZF2 is
transeribed in stoma cells that are associated with T
cell development. Additionally, the relatively high-
level transeription of HZF2 gene in some portions of
brain, placents, adrensal gland suggested that it may
play roles in maintaining essential funetions in these
tissues. Since several zine finger proteins have been
identified te funetion as DNA-binding proteins to
regulate the gene transcription, the loeghzation of
HZF2? in nuelel s aceordant with its charaeter as a zine

tr&nscript in

finger protein.
References

1 Fumkawa T, Yong ¥, Nakamoty B, et zl. Identtheation of new
genes expressed i human erythroleukemia cell Jine. Blood Cell,
Molecular and Disease, 1996, 22 (13 11 ~22

2 d&m, M, R A RACE #a cDNA R #1077
ERAUR IR E O£, B, 2002, 24 (32. 320 ~331
DuZ W, Liu L B, Zhang | W. Hereditas ( Bejpng), 2002, 24
£33: 329 331

3 Teang AP, Vivadea J E, Tumer C &, e 2l FOG, a multtype
zinc finger protein, acts as a cofactor for ranseripton factor GATA-1
in erythroid and megakaryocytic differentiadon. Cell, 1997, 30
C13: 109 ~119

4 Akuzawa N, Kurabayashi M, OChyama ¥, et =l Zine finger
transeniption factor Egr-1 activates Flt-1 gene expressiom in THP-1
cells on induction for macrophage differentiation.  Arterioscler
Thromb Vase Biol, 2000, 20 (2): 377 ~3384

5 DeuelTF, Guan L5, Wang Z Y. Wilm’s tumor gene product WT1
amrests macrophage diffarentiation of HL-80 cells throngh its zine-
finger domain. Biochem Biophys Res Commun, 1999, 254 (1.
192 - 196

&  Bebertson K A, HIL D P, Kelley M B, & 2l The myelodd zine
finger gene ( MZE-1D delays retinoic acid-induced apoptosis and
differentiation in myeloid leukemia cells. Leukemia, 1998, 12
(5): 690 ~653



2004; 31 (7) EMiLESEYPENE Prog. Biochem. Biophys. * 605

— AUl EE Y T 400 & & A5 /8 i)
C2H2 M 5145 /1 A B R 1 ve 5
& sk O skER

PEETH PR e i, Evs FAMSEREATRE, b3 100005

Com g k2
HE HEEAHRS R EEEERNEOM G SRS, 8 T 0B AE 5 51 A b TR F R
KMEOER, FAED 2N REREASHERF RS RTFEERFFI & H514), LUEEE DNA AEH, #HT PCR
i, SAEFHRNEEEOEFREST. BEHS £ 03FIRIE AT/ cDNA WE, 8T 1THFNEEEOEREK
cDNA, GenBank W35 AF246126, 13 888 bp, AFE—-TEMEE, H#WiG6ss MaER, GF 17 MHIUMA2 EH
LG C2HL 74, #ir2 4 HZF2. RNAEDZE, AR mRNA RS RTHITERER, EA THEAREGNEENEEH
SR, HOgTERARE, TRE. BHETERZE, ERHPARET B HTRARME, EANAMm L3 E a1
FRENEMENERE, 87 2R R T THCARETNYEA EEIE. ZEFMITEARANETHA. BEA
G EE RS RE, TEHLMERMREMERZE, WHI TS X R M AN EE R — 2R FRE
HZF2 AR DNA WP PR 3 pEGFP-NL Ziffeh, FEL 313 MM, WFEEFRiAN) HZF2-GFP A& B0 e THAME, L5RE
HZF2 &5 5 EMTENE TTRE(E % DNA & & | T ER T EFEE R TIEE 2 — 3.
KEER FrERa, EERE, oDNA XEMIE, REAE TARES
R8T RT3

*EFEREMFETEHFTETT (2002CCA04300) , EFERA “8637 i (20024A223071) MESEEELZR S ETMAMESLE
B E.

R R AL

Tel: 010-65296423, E-mail: junwu_ zhang@ pume. edu. cn

WefE B H8: 2004-01-12, B EE: 2004-03-30





