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Abstract—It is still difficult and time consuming to obtain ¢DNA sequences that contain the
entire nucleotide sequence of the corresponding mRNA. A rapid and high efficient cloning method
to obtain full-length cDNA segments is thus developed. The cloning procedure described here
consists of the construction of oligo(dT)—tailed vector primer using pWR34 plasmid, polyadeny-
lation of mRNA-—cDNA heteroduplex using terminal deoxytransferase, and replacement of mRNA
strand with DNA by RNase H and DNA polymerase I. The restriction endonuclease analysis
shows that the size of inserted-cDNA is in the range of 1.5~4. 0 kb long suggesting that most of
cloned ¢cDNA are full-length or nearly full-length cDNA. The plasmid-DNA recombinants obtained
were 4X10°—10° per pg of rat liver poly (A¥)mRNA, which is 4 to 10 fold higher cloning efficie-
ncy in comparison to the presently used methods for full-length ¢cDNA cloning. The results indi-
cate that the described cloning system is much simpler, less time consuming, and very efficient
cloning method to construct a ¢cDNA library.
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ligase (NAD+), Terminal deoxynucleotidyl tra-
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Fig. 1—Preparation of oligo(dT)-tailed vector prim-
er(A) and full-length cDNA(B). Construc-
tion of plasmid-cDNA recombinants and
cloning into JM83(r~) is shown in(C).
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ligaseNADY) 1pl, DNA polymerase 1 3y,
RNase H 2pl% 7}slx total volume 114, 8ul=z
BlE 14~15°Col| A} 24 7}, Ao 147 vk-&
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Centrifugation at 1,000 rpm for 10 min.
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Fig. 2—Preparation of competent cells.
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1. overnight incubation at 37°C
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boiled RNase
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NI

} Electrophoresis [

Fig. 3—Minipreparation of plasmid and restriction
enzyme digestion.

5% #3+3 LB-broth agar plated] spreadings}
32 37°Cel| 4] 2447+ =& colonye] =77} A A
0. 2~1. 0omm>} = = & v} k34 v}, nitrocellulose
membraneo] agar plate’}¢] colony®E -zkA]7)
. colony DNAE 3.4 A 7]7] ¢4 denaturation
H neutralizationg &) 8% chloroformo g2 A=
slgl ok Ao 3047 TrlA2E i 80°C
ol A 12037 AT 2T ST

LDH c¢DNA(8-end coding 500bp)% nick
translations}r] ¢]8}e] 0.4mM dCTP, dTTP,
AGTP 24 & 77+ 745tz 20uM dATP 2, 5y,
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Fig. 4—Oligo(dT) column chromatography of total
cellular RNA extracted from rat liver.

2) Vector primer2| H|Z-—A}85 vector
plasmid pWR343= Amp* genes} lac Z gene&-
codingstz Q& 2.7kbe] plasmidz A (Fig.
1), high copy numberZ >}A=} Hind II, Pst
1, Bam HIS 97 9] uniqued} restriction enzyme
sites7} ZA|3te] o] & sites® cloning site® A}
g3hg k.
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universal primer?] complementary sequence’f
ZAste] A3 sequencing ¥ F Ui
o]t}. o] plasmid pWR34 10pg% Pst 122 &
a8k 3 terminal deoxytransferasec] ¢ 3o
(a-¥P) dTTP% 74 2 3}¢} oligo (dT)-tailing
u}-2-4 A A3k incorporations] [#P]e] 24 &
225 A3 Table |3} 2steh

603L incubationdt & =¢lx dTakr] = 5770
2 wa A poly(AY) mRNAS} anneailng 4b-3-ol
4§38t oligo(dT)-tailed  (50~7074 dTz7])
plasmid-primer% @& < 9lglv}. Oligo dm
tailed vector primer&- 1.5% agarose gele] A7
o =3} 3. AutoradiographyZ &) 3k4 =% Fig. 5
o} o] ©al Wiz = 2,8kb 3o A oligo (dT)

reverse primer$}

plasmid

Table I-Addition of oligo(dT) tail onto Pst I-
digested pWR 34 with terminal deoxynu-
cleotidyl transferase.

Incubation time (min) DPM
0 401.0
10 3,276.2
20 7,780.0
40 9,545.2
60 16,479. 2

tailed vector primers] bandZ #<lstH

3) cDNAC°| &M 0} deoxyadenylate-tailing
—@4 4 cDNAY 2% &d37] A%t 1%
agarose gelo] #7953 autoradiography &
A A Az Fig. 6ol A hehd At 7ol Aol
7} 9~4,3kbe] & EA}eke] cDNAS| smear band
2 2 2 g9z HAgo] & cDNAZL FA5

Fig. 5—Autoradiogram of Oligo(dT)-tailed pWR34/
Pst 1. (a-P)dTMP-labelled pWR34/Pst I (P)
was electrophoresed on 1.5% agarose gel and
visualized by autoradiography.

M indicates molecular markers in kilobases.
Arrow indicates the oligo(dT)-tailed pWR34/
Pstl.
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A M kbe] vectore] bands} colony 25¢] 4+ Hind
; Il & digestion = ¢ & w] A7+ 0.5kbe] frag-
(kb) ment9} E. coRI2 . digestion &} 2+ 0. 7kbe}
—-23.5 0.5kb Z, 1.2kbe] E9lzl cDNAE FHlstgl ot
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5 AMEEA gor® g4 Zhdstz AGEH
full-length ¢cDNAE 4T + deq =

Fig. 6—cDNA Synthesis. ¢cDNA synthesis was perfo-
rmed with rat liver poly(A*)mRNA under
the condition as described in the text. cDNA
synthesized(A) was eletrrophoresed on 1%
agarose gel and autoradiographed. M indicates
molecular weight markers in kilobases.
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Lane Colony37 Colony23 Colony38 Colony25(C25)
Numbers (C37) (c23 (€238) Colony8 (C8)
1 M.W. Marker M.W.Marker M.W. Marker M.W. Marker
2 pWR34 Plasmid HindIII-digested HindIII-digested pWR34 Flasmid
PWR34 PWR34
3 HindIII-digested (HindIII+EcoRI)- (HindIII+EcoR1)- C25-I'lasmid
PWRIL digested C23 digested €38
L C-37-Plasmid Pstl-digested C25
5 HindIII-digested HindIII-digested
c37 czs
6 EcoRI-digested
c25
7 {HindIII+EcoRI}-
digested €25
8 C8-Plasmid
9 (HindIII+EcoRI)~
digested CB
Inserted
coma 2.3 Kb 4.5 Ko 3.4 Ko c25; 1.2b Kb
C8 1+ 4.3 Xh

*¥ Numbers on the side of each figure indicate the molecular weight eof

indicated DNA band.

Fig. 7—Identification of inserted ¢cDNA and range of inserted cDNA size obtained from rat liver cDNA
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2] 669~674 ¢ Ao poly(A) signal sequence®
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9] nucleotideZ- 167 nucleotide sequencer} &
sho] ok 94%2] sequence homologyE 1.¢] ©.1]
3’-end nontranslated region®] 504 nucleotides=
414 nucleotide sequencer} E3le] oF 82952
homology & . gt} o]zl e & 1o} 3/-end non-

o}n) =4+ coding regione]
deol7l & & F A4

translated region-o-
B} 8}o] homologys} Tko]

v}, =38 rat glioma cell LDH A-cDNAS9] poly
(A) signal sequence® FA 5 AATAAAE
A %3Fo] 654~665 L 688~6959] nucleotide
sequencer} F7t=5]o] ¢l9lt}h. Eucaryotic mRNA
3’-end nontranslated region®] base sequencer}
oW F24% AL QEAE oFd 349
SRRt —

+ poly(A) binding proteino] binding siteZ =}
F3le] mRNAS] stabilitye} translation efficiency
oA Gk lAvhae wasn deh ol F 65t~
665, 688~6952] nucleotide sequence] }o] 2
Q13 o]& mRNA$] secondary structureol] =}o]
F vbebd Aoz o sl o]el @ secondary
structure®] W 3le] o)A FZRoz =3 rat
C; glioma cellz2 ¥ A 45 LDH A-mRNA:
1k7}b7] &} translation efficiencyy} #akg & 7%
e AAE F QA% 20
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Rat liver A3 «

&4 A-cDNAS Az 9 Rl EA 123

Fig. 8—Colony Hybridization of Rat Liver Full-length
LDH A-cDNA.
Nicktranslated %2P-labeled 500bp LDH A-
c¢DNA was used as a probe. For the nicktra-
ntranslation and hybridization conditions, see
the text.
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ey
Ser Thr Mot Itle Lys Gly Lue Tyr Gly Ile Lys Glu Azo Vel Whe Leu Ser Val Pro Uyc
TCC ACC ATG ATT ARG GGT CTC TAT GGA ATC ARG GAG GAT 4TC TTC CTC AGE GIC €CA 16T
TCC ACC ATG ATY AAG GGT €TC AT GGA ATC AAT GAG AAT GTC ITT CTC AGT GYC (CA 107
Ser Thr Met Ile Lys Gly Lue Tyr Gly Ile Azn Glu Asn Vat Phe Leo Ser Vel Pro Cyz

120
Il Leu Gly Gln Asn Gly Ile Ser Asp Vol vel Lvs val Thr {eu Thr Pro Asp Glu Gty
ATC CTG GGA CAA AAT GGA ATC TCA GAT GIT GTG AAG GTG ACA CTG ACT CCT GAC GAG GAG
. . PR
ATC TTG GGA CAA AAT GGA ATC TCG GAT GTT GTG AAG GTG ACA CTG ACT CCT GAG GAA GAG
Ite Leu Gly Gin Asn Gly Ils Ser Aspo Vet Vel Lys Val Thr Leu The Pro Glu Glu Glu
-Pst I- 180
Als Arpg Lou Lys Lys Ser Als Asp Thr Lev Tro Giy lie Gln Lys Giu Leu Gin Phe
6CC CBC CTG AAG AAG AGT GCA GAT ACC CTC TGG GGA ATC CAG AAG GAG CTG CAG TTC TRA

BLC CBC CTG AAG AAG AGC GCA GAC ACC CTC TGG GGA ATC CAG AAG GAG CTG CAG TTC TAR
Als Arg Lsu Lys Lys Ser Ale Asp Thr Leu Tro Gly Ite Gln Lys Gty Leu Gln Phe

=Pt - 265

ABYCT TTCCC AGTGT CCTAG CQC'Y CAC"S TCCAG GCTGC AGCRG GGTTT CTATG GAGAC CACGC
. » . e -
ABTCT £CCCC ~GTGT C-TAG (ﬂCTC CE”G TCTAG GCTGC AGCAG GGTTT CCAGG CAGAC CACAC

310

~ACTT CTCAT CTGAG CTGTG GYTGG TCCAG TTGTG TTGAG GVGGY C"GGG GGRA- ATCTC AGTTC
. . « . - . -

€-CTY CTCGT CCGAG CTGIG GTTAG TACAG TGGTG TTGAG ACGG' GTGGG GARAC ATCCC -GTTC

2?75
C--AC AGCTC YACCC TGCT- --RAG TGGTA CTTGT GTAGT GGTAA CCTGG TTAGT GTGAC AATCC
. . . .

. .
CCTAT AGTTC CGCCC TGCYG CCAAG TGGTA CTTGT GTAGT GGCGA CLTAG TTAGY GTGAC AGTCC

440
CACTG TCTCC AAGAC ACACT GCCAA CTGCA TGCAG CTTTG ATTAC CC-TG TGAGC CTGCT GCATFT
wenon .

CACTG CYCTT -AGAC ACACT GCCAA CTGCA -G--G CTTCG ATTAC CCCTG TGAGC CTGCT GCATT

505

BCTGC GCACC CT-CA CCAAA CATGC -TAGG CC-A- GAGTT CCCAG TTA-G T--TA TRAAGC TGGCT
. e

GCYG- -~-CC CTGCA CCAAA CATGC CTAGS CCGAC GAGTT CCCAG TTAAG YCGTA TARCC TAGLT

570
CCAGY GTGTA AGTCC ATCGT GCATA TCT-G TBCAT AAATG -TCTA CAGGR TATTT TCYGT ATTAf
.

.. . .
CCAGT GTGTA CGYCC AYGAT GCATA TCTTG TGCAT ARATG TTGTA CAGGA TATTT TATAT ATTAT

635
ATSTG TCTGT AGTET ACATT GCAAT ATTAT GTGAA ATGTA AGATC TGCAT ATGGA TGATG GAACT
.

ATGTE TCTGT AGTGY BCATT GCAAT ATTAT GTGAA ATGTA AGATC TGCAT ATGGA TGATG GARCC

200
AACCA CTCAA GTGTC ATBCC ARGGA ARACA CCAAA TARA- CCFTG RACAG TGAGT GATTG ARAAA
-

AACCA CCCAR GTG-C ATE-- ---r- ----- CCRAA TAAAA CCTTG RACAG TG--- ~-=-~- AARAR

Fig. 9—Comparison of C-terminal amino acid seque-
nces and 3-end nontranslated sequences of rat
LDH A-cDNA(A) and mouse A-cDNA(B).

The discrepancy in amino acid residues is

marked by | | | and the different nucleotide

sequences are marked by*.

ring 729} f-sheet +25 A3t o] F of
Wmge]l F9% 4 el AagP 3
w3 52 e

Rat9} mouses] LDH A-subunit®] C-terminal
o] 59789 opw] =4t wld-g wlas] w= Fig 11
3} el 344 oln|x 4l A E A YInE B
% QAehe AAE nyEd FRE Ade
o] & o}u] - 4+¢ codingsli= nucleotide sequence

(Fig. 9) 17771 %] nucleotide3 1071 9] nucle-
otider} Ao]gg By ot o] EF 8709 nucle
otides} codon?] third positione] ¢z s}3 gle]
39 obuliedt widwrel A2 Aelsl
degeneracy & 4.olsL ¢ o] 24 Rat$} mouse
2] LDH A-subunit®] gene®- %] 3}3}4 3 o}u] =
At coding DNA sequencer} mutatione] 2] 3}o
sae] uhr
SENEE PR

Z2% enzyme2 2 <7l

nucleotider} ul%] v 2} = o}w] e AF
= ori= wliko B mutationo]

basic metabolismo])



124 357 - ul 44 - o] 57

Comparison of COOH terminal 60 aminoacld sequences

* Mouse Moo GLYGI] NENVF LoV IFGHN SDV
*hat Mo ¢ GLYGT| KEovr LSVIPG ILOWN [GI3LV
Dogfish W : K OFYGI| KONV LSLPG VINUH IGISNI
Chicken N : GMHGI| KDDVE d XX [XKXXX
Pig Mo: GLY[GI! KENVF 1LCN [GISDV
Chicken H : CTY|GT] QDDVF g VLSAS |GLTSV
Pig H : GMYIGT] ENEVF 1 VINAR [GILTSV
Mouse T : CHHGT KEEWF LIIPC Vikss (GITDN
Rat T GLYCT, KEELF LSIFQ VLCES |QITDL

VKVNM NT

Fig. 10—Comparison of C-terminal 60 amino acid
sequences of different types of lactate dehydr-
ogenases obtained from 9 different species.
X means the unknown residues
The identical residues of all 9 sequences at

17 positions are indicated by boxes
M means muscle type
H means heart type
T means testis type
* Mouse M: unpublished data
** Rat M: C-terminal aminoacid sequence
obtained from DNA sequence

of LDH-cDNA
Rat l: STMIK GLECI KHIVF L3VPC ILGQN GISDV
Mouse M STMIK GLYGI NENVF LSVPC ILGQN GISDV

VKVTL TPDOEE ARLKK SADTL WGIQK EILQF
VKVTL THHEE ARLKK SADTL WGIQK ELQY

Fig. 11—Comparison of C-Terminal 60 Amino Acid
Sequences of Lactate Dehydrogenase A-Su-
buit Obtained from Rat and Mouse.

The discrepancy in amino acid residues of
ral and mouse LDH A-subunit at three
positions is boxed.
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