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SUMMARY We have isolated the genomic clone, which contained 5’-flanking 
region for human terminal deoxynucleotidyltransferase (TdT) gene, by 
screening Charon 4A library and determined its nucleotide sequence. Two 
transcription initiation sites (cap sites) were localized at 81 and 106 bp 
upstream from the third ATG codon which is translation initiation site, by 
primer extension analysis. Although neither typical TATA nor CAAT 
sequences were detected within 100 bp upstream region of the 5’ cap site, a 
palindromic structure comprised of 28 bp was formed just upstream of the 5’ 
cap site and double repeats of 5’-CTGGC sequence were found in its palindrom. 
The typical octamer of S-ATGCAAAT and three octamer-like sequences, 
which are involved in the transcripton of lymphoid-specific genes, were 
detected at 212, 293, 347 and 770 bp upstream from the first cap site. 
,D 1988 Academic Press, Inc. 

Terminal deoxynucleotidyltransferase (TdT; EC2.7.7.3 1) is a DNA 

polymerase which is normally detected in thymocyte and bone marrow cells in 

higher vertibrates. High level of TdT is also found in acute lymphoblastic 

leukemia (ALL) cells or chlonic myelogenious leukemia (CML) cells at blastic 

crisis. TdT catalyzes the polymerization of deoxyrlbonucleotides to the 

3’-hydroxyl end of the oligonucleotide primer in the absence of DNA template 

(1). Based on its in vitro function and tissue specificity, TdT has been 

considered to be closely related to B- and T-cell development In thymus and 
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bone marrow. Several lines of evidence suggest that TdT promotes the 

insertion of the extra nucleotides at the joining regions (N region) of the V 

and D or D and J gene segments in an immunoglobulin (lg) gene (2,3). Landau 

et a/. constructed the retrovirus vector (TdT-vector) which can express 

human TdT in mammalian cells and transfected the vector into the PO31 cells, 

which have no detectable TdT activity (3). In the course of development, 

the exta nucleotides were synthesyzed at the N region of superinfected 

artificial ig gene rearrangement substrate in the cells expressing TdT, in a 

fivefold greater frequency than the cells which did not express TdT. 

Human, mouse and bovine TdT cDNA clones have been reported (4-7). 

We isolated nearly full-length TdT cDNA clone from human T-cell leukemia 

MOLT3 cDNA library to investigate the regulation of TdT gene expression in 

normal and malignant leukemia cells. By using this human TdT cDNA as a 

probe, we tried to isolate the promoter region of normal human genomic TdT 

gene from the Charon 4A genomic library. In this paper, we report the 

nucleotide sequence of the 5’-flanking region for TdT gene and the 

transcription initiation sites of TdT mRNA by primer extension analysis. 

MATERIALS AND METHODS 

Isolation of human TdT cONA. Human TdT cDNA clone (H 14 clone) was 
isolated by screening the pcD library which was constructed from MOLT3 
cells. The bovine TdT cDNA was used as a probe. The procedures for 
construction of the library and the screening condition were same as reported 
previously (7). 

Screening of human genomic library. Charon 4A genomic library constructed 
from human sperm was kindly gifted by Dr. J. Nathans. 70,000 plaques were 
screened by using human TdT cDNA ( mixture of Pst 1 -Eco RI (740 bp; PE 
probe) and Eco RI fragment ( I, 100 bp; E probe) of H 14 clone) as a probe. The 
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plaques were transfered to nitrocellulose filters and the filters were 
hybridized with the probe at 45” C in 6xSSPE containing 20 % formamlde 03). 
The filters were washed in 2xSSPE at 45” C. Nucleotide sequences were 
determined by the Ml 3 dideoxy chain termination method (9). 

5’ end maaplncj of the TdT transcriot The ollgonucleotide primer (50-mer) 
complimentary to the underlined region ( Fig 2; from the position of 52 to101 1 
was chemically synthesized. The 5’ end of the primer ( 1 ug) was labeled 
with [r-” PI ATP with T4 polynucleotide kinase (8). 20&g of poly A-RNA 
was mixed with 300 ng of the labeled primer and coprecipitated in ethanol at 
-20’ C. The precipitant was suspended with 10~1 of the buffer A (0.1 M 
NaCI, 20mM Tris-HCl pH 8.0, 0. I mM EDTA 1, annealed at 100’ C for 2 min, 
then 60 C for 2 hs and mixed with 10~~1 of the buffer B (80 mM Tris-HCI pH 
7.4, 10 mM MgCl2, 20 mM 2-mercaptoethanol, 400~1M dNTP, 400 units of 
avian myeloblastosis virus reverse transcriptase) for 60 min and 120 min at 
37°C. The mixture was treated with phenol and precipitated in ethanol at 
-20” C for 12 hs. After centrifugation, the precipitant was suspended with 
20~1 of Tris-EDTA buffer (pH 8.0) and l&g was loaded onto a polyacrylamide 
gel. The concentration of the gel was 8 %. 

RESULTS 

isolation of human TdT cDNA clone. Human TdT cDNA clone (H 14 clone) 

longer than H 10 clone was isolated from the pcD library constracted from 

MOLT3 cells (7). The insert of H14 clone contains 1,966 bp with an open 

reading frame comprising 1,524 bp. There are three ATG codons at the 5’end 

region of H14 clone (Fig 2). The first and second ATG are not in frame, the 

third ATG codon is in frame. The molecular weight deduced from this H14 

clone Is 58,308 daltons which is identical to the value reported by Peterson 

et al (4). 

Jsolation of human genomic TdT aene. With this H 14 clone as a probe 

(mixture of PE and E probes), we isolated the genomic clone HG3- 1 ,HG2-3 and 

HG25-2 by screening the Charon 4A library constructed from human sperm. 

The HG25-2 clone which contained about 35,000 bp of insert, encoded the 

93 



Vol. 154, No. 1, 1988 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS 

23 - 
9.4- 
6.7 - 
4.4 - 

2.3 - 
2.0 - 

0.56 - 
O- LF2 

Fig 1. Southern blot hybridization analysis of genomic clone. A, Genomic 
clone of HG25-2 was digested with EcoRl (lane 2) and Barn HlClane 3) 
enzymes and analyzed on an agarose gel of 1 %. Lane 1, size marker 
(kilobases). Arrows indicate the hybridyzed Barn Hl fragments with 
32 P labeled probe. B, Southern blot analysis of Eco R 1 (lane 1) and 
Barn Hl (lane 2) digests. PE probe was used. 

5’-flanking region for TdT gene. HG25-2 was digested with the restriction 

enzymes of Eco Rl and Barn Ht. Figure 1 shows the electrophoretic pattern 

by agarose gelelectrophoresis and Southern hybridization pattern of the Eco 

Rl and Barn Hl digests with 32 P labeled PE probe. One Eco Rl fragment of 

25,000 bp (Fig 1; lane l), and two Barn Hl fragments of 23,000 bp (F 1) and 

1,000 bp (F2) (lane 2) were hybridized with this probe. We determined the 

entire DNA sequence (999 bp) of F2 for Barn Hl digests and 5’ end region of Fl 

(Fig 2). F 1 contains the 5’-flanking region of TdT gene and, F2, the first exon 

and first intron of TdT gene. The first exon starts from the positon of + 1 

(the cap site) to +309. The first intron starts from the consensus sequence 

of 5’-GT and extends at least longer than 23,000 bp. 

5’ end mappina of the TdT transcript. To identify the precise 5’ termini of 

TdT mRNA, we synthesized the oligo-nucleotide primer (50-mer) from the 
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-885 GCATC CxmGcrA AGGcrGGrAG GIGcmccr TGCGCGTGTA ~AGCTGCTC AGGMTGAG AT~~ATAUG T~ARG~G RAAGACAAAT 

-790 TTAAlTlXC A~GQQGT CTCCITATGG CAGTGAITAT CATCTAAAAG TCATACCATC CCACTGAAGA AGACCl'A7TC TAGGG~TTAT 

-690 AACAGACTAC TCTCTGGACA ACCITAATCC AcmAAAAA CTAATATATG CATACAGCAT TIG~AATJxA AAGAA~GAA ITCAAGATAT GGLXTCGCCC 

-590 CITAITQGT GATmGAAT AACKAGCCr TGGITCKIT GCRATAAAA TGrACCTATG TAAGCGAACA GGTGGMTA CCCACCATGA AATACTATCG 

-490 AGCXEAGA hG%+ChGkG CAA'STAGAAT ACGGATCII~~CATAGTT%A~%AA ATMAAAGGZ Gh-i-iGGCMA ATGAGAAATG TAACAATGCC 

-390 AlTTATGR4 AGKAAAAU ACCACAAGCA GAATATAACA CCYTGCAAA PACAGACAT CCAGTACAa GTAATGATTG TflACAAAAG GAGGAGAAA 

-290 EGAGR GGGAGCITCA AAGGGGATCA ATAAATAAAG ACCACAGAAG GGCCKAflA CAmAGAAA TAAATAACAA-?~JG ATGcITCCCA 

-190 CClXPXG AGGITACTQ GAGGAGQAA TGAGAlTGl.G CGTATGAAAA CAAAAGlTAA ITGACT'XC TCAlTATGAT CTCCATAlTG GACAAATGM --- 
+l 

- 90 CfGAACAGAG ATAMAATTC CCCATCACAC lTT=GA AGCTGITGCC AGGCAC CRXGAACCC ?f&%? 'ITCAGAGKT GCTG&GAGA 
-- 

11 TGAC.4TC.M ACCCTICGTG TAGGAGGaG GCAGKTCCC TCCCTPXGG AGACACCACC AGATGGCCCA GCCAGAGGCA GCAGCAGCQ Cl-KCCAgG 
F 

111 ATccAccAcG AGC~CCCAC RGAGCC~C GGAAGMGAG ACCCCGGCAGGG~GCQ TGATGGCLTC crcrccrc;;;F;\~~TZcuG~TTT 

211 GGTCGT~C A~GGAGA AGAAAATGGG AACCACCCGC AGAGCGITCC TCATGGAGR GGCCCGCAGG ARRGG~CA GGGITGAAAA TGAGCKA& 

311 TAGGACAGCA TCGATCITGC 'ITl'GTAAATA AGCAGAGGCT ITGIGAACAG CIXITGGGA ACCCAAGGlVL cafe Tmcc 

Fig 2. DNA sequence of 5’-flanking region for TdT gene. The Barn HI 
fragment of HG25-2 was sequenced by chain termination method. 
---- and ‘v\NvI indicate the typical CAAT and TATA sequences, 
respectively, - , synthesyzed oligonucleotide (SO-mer) for 
primer extention analysis. -and - indicate the direct repeats. 
- - , palindromic structure. = , translation initiation 
site. 1 , consencus site for exon-intron boundary, + I and l denote 
the transcription initiation sites. I , consensus octamer found 
in enhancer and promoter regions of lg gene. * , 5’ end of TdT cDNA 
(Hl4 clone). 

position of +56 to + 105 which is complimentary to the underlined region 

(Fig 2). Figure 3 shows the pattern of the autoradiography for the primer 

extension analysis. One major and one minor bands were detected at the 

position of + 1 and +26. The + 1 cap site was 4 bp upstream from the 5’ end 

of H 14 clone. 

DISCUSSION 

Three ciones (HG3- 1, HG2-3 and HG25-2) were isoiated by screening the 

Charon 4A human genomic library. We analyzed the HG25-2 clone which 

contained the 5’-flanking region of TdT gene, where the promoter of the 

eukaryotic gene is normally located. The extensive homology was observed 
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Fig 3. Mapping of transcription initiation sites by primer extention analysis. 
Lane l-4, DNA sequencing pattern used for size marker ( M I3 phage 
DNA which inserted Pst 1 -EcoR 1 fragment of H 14 clone). Lane 1, 2, 3 
and 4 indicate the nucleotides for A, G, C and T, respectively. Lane 
5-7, synthetic oligonucleotide of 50-mer was annealed with MOLT3 
mRNA and the mixture was incubated with reverse transcriptase for 0 
(lane 51, 60 min (lane 6) and 120 min (lane 7). The products were 
analyzed on an 8 W polyacrylamide gel. Numbers (base) on the left 
shows the position from the 3’ end of 50-mer. + I and +26 denote the 
transcription initiation sites. 

among the sequences of this 5’-flanking region of TdT gene and the promoter 

or enhancer regions of lg genes (10). Especially, the sequence from -357 to 

-377 in TdT gene bears a high similarity with the core domain of enhancer 

region in lg gene, which encode a lymphoid-specific octamer of 5’-ATGCAAAT 

(Fig.41 ( 1 1,121. Besides this typical octamer of 5 ‘-ATGCAAAT, the 

octamer-like sequences of S-ATGAAAAT, 5’-ATGCAAAC and 5’-ATGCAAGT 

were also located at -770, -293 and -212, respectively. Even though this 

octamer was found in the promoter regions of other prokaryotic and 

eukaryotic genes t 131, the region which contained this octamer might be 

involved in the regulation of lymphoid-specific gene expression because this 

sequence was detected in the promoter region of TdT gene, specifically 
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-370 -360 -350 

TdT RRRGTCRRRACR iCCRC- . RRGC RGR RlflTflRCRkIRTGCRAAT]AR 
.  .  .  .  .  .  .  l .  .  .  

I!4 CTGRGCRRRRCR RC*RCCT. G; * ;I;;I+]TTC TARRRTRR GG 

2iO 60 
540 

I 

HE3 

Fig 4. Putative lymphoid-specific regulatory region for transcription. The 
sequences enclosed by boxes indicate the consensus octamer found 
in enhancer and promoter regions of lg genes. The underline shows the 
binding site (E4) for a nucler protein proposed in mouse lg heavy-chain 
(IgH) enhancer by Ephrussi eta/. ( I I). HE3 region shows the protected 
region in human lg gene enhancer by DNase I footprint analysis ( 12). 
The numbers on the TdT sequence are the positions from the first cap 
site of TdT gene. The numbers below the sequence of human lg 
enhancer region are according to Hayday eta/. (I 9). 

expressed in B- and T-cells. The transcription of TdT and lg genes might be 

controlled by same lymphoid-specific regulatory factors in a nuclei. 

Although neither typical TATA nor CAAT sequences were found within 

100 bp from the cap sites, we can form the palindromic structure composed 

of 28 bp from the position of -43 to -16 just upstream of the cap site, where 

the eukaryotic promoter is canonically present (Fig 5). The double repeats 

of 5’-CTGGC sequence which its biological meaning is not clear, were found 

at this palindrom (Fig 2). We suspect that the regions of the consensus 

octamer and the palindromic structure in the 5’-flanking region for TdT gene 

is crucial to the regulation of TdT gene expression. We are now underway to 

clarify the functional significance of these structures, namely, whether this 

structure functions as the promoter for TdT gene by CAT assay ( 14). We 

have also analyzed the HG3-1 and HG2-3 clones. The human genomic Tdf gene 

is composed of at least 10 exons (data not shown). 

The primer extention analysis showed two transcription initiation sites 

for TdT mRNA, 9 bp upstream (+ 1 cap site) and 14 bp downstream from the 
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Fig 5. Structure of 5’-flanking region from transcription initiation site. The 
palindromic structure can be formed at 5’ non-coding region of TdT 
gene. Double repeats of 5’-CTGGC are boxed. Underlined ATG is the 
translation initiation site. + I shows the first cap site for TdT gene. 
. is 5’ end of TdT cDNA (HI 4 clone). 

first ATG codon of H 14 clone. Although the band of + 1 cap site is weaker 

than the second, the first might be the major transcription initiation site. 

The reaction of reverse transcriptase might be trapped at the second cap site 

under the condition of primer extension analysis, because more than 10 TdT 

cDNA clones except H IO clone, which we sequenced, extended longer than the 

second (data not shown). 

This H 14 clone has three ATG codons at the 5’ end region of TdT cDNA. 

The third ATG is in frame. This is inconsistent with the HlO clone whose 

translation initiation site is the second ATG (71. The structure of the 

promoter region for TdT gene including the translation Initiation site might 

be altered in malignant leukemic ceils such as MOLT3. We can not entirely 
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rule out the possibility that TdT gene has two copies on the chromosome 10 

where TdT gene is localyzed ( 15). We are isolating the promoter region of 

TdT gene for malignant leukemia cells to compare with the structure from the 

normal cells. 

Recently, ALL patients that undergo the translocation between 

chromosome 10 and 14 (T-cell recepter d gene is located) and that are 

expressing high TdT activities were reported ( 16,17). TdT activity is also 

detected in adult T-cell leukemia cells (18). The isolation of regulatory 

element for TdT gene will facilitate the investigation of the regulation of the 

TdT gene expression for malignant leukemia cells. 
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