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Characterization of the Folding Structure of 3’-end of Lactate
Dehydrogenase A-mRNA Isolated from Hormone Stimulated
Rat C; Glioma cell culture.
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ABSTRACT : Rat liver LDH A-cDNA has been isolated from a A gtl1-rat liver cDNA library and par-
tially characterized. The size of the isolated rat liver LDH A-cDNA is shown to be 1.6 Kb and restric-
tion enzyme sites for the rat liver LDH A-cDNA are also mapped. 682-nucleotide sequence coding for
3’-end of rat liver LDH A-cDNA has been analyzed and compared to the nucleotide sequence of the
same region of rat Cg-glioma cell LDH A-cDNA which has been cloned from the hormonally stimulated
cell cultures. The result shows that 177 nucleotide sequences coding for the C-terminal 59-amino acids
are identical but 505 nucleotide sequences of 3’-nontransiated region of the two LDH A-cDNA exhibit
characteristic differences in their nucleotide sequences. Computer analysis for the folding structures for
3’-end 400 nucleotide sequences of the two LDH A-cDNA shows a possibility implying that the two
LDH A-mRNAs isolated from different tissues of rats may have different half life and therefore their
translational efficiency may be different.

It has been previously demonstrated that isoproterenol stimulated rat Cq-glioma cell cultures pro-
duce LDH A-mRNA showing 2 to 3-fold longer half life in comparison to that of noninduced LDH
A-mRNA. The result therefore support for the idea that hormonally stimulated rat Ce-glioma cells may
produce LDH A-mRNA containing different nucleotide sequences at the 3’-end nontransiated region
by which the hormonally induced LDH A-mRNA could have more stable secondary mRNA structure in
comparison to that of noninduced LDH A-mRNA.
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cal property & Y EFWH 2 gl of (Markert CL,

LDH(Lactate Dehydrogenase}*= A,B,C A
7}A] typed] subunit $°| FEZRA] ZEAs=
ul adult testisol} At WA s = C-types Al9fd
A9l B-typed oj#{xgol| s LDH-1(B,),
LDH-2(AB;), LDH-3(A,B,), LDH-4(A;B),
LDH-5(A,) 59 o4l 7}A] isozyme ¥ejlg &
A8k gleh, LDH isozymeE-2 tissue specific
slAl F-E3la glewy zt7] o} physico chemi-

Appella E, 1961). # <] >4 £eld Rat Cs
glioma cellell= 3 2 LDH isozyme°] -]
stsl M +dl LDH-3, LDH-4, LDH-57} #7+
10%, 20%st 70%% Exsl F= LDH-57F
Zas= Zlo| &alsicl (Derda ef al., 1980), =
3 rat Ce glioma cell culture ol A cate-
cholamine =¥ dibutyryl cAMPE A 23 uljol]
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isozyme®] A w]go] @3] wists|=i LDH
-57} Aa LDH #49| 85% ol4oz F7lslo
hormone % cAMPel 3] &A#Ado] induc-
tionde] Exns u} i (Derda ef al, 1980 ;
Kumar et al, 1980). Northern blot#} hybrid-
ization kinetic studyoll <& Ao otz
LDH A-mRNA® 5+ 22| 3 24 F7}
3l ew |59 in vitro translation 2473}
functional LDH A mRNA¢®] 42 8-108
7}8 Ao 2 Jeht hormone stimulationol] 23l
+%=% LDH A-mRNA Y translation effi-
ciencyt 4-5¥1 F71shke Aoz ®msm Qo
(Derda et al, 1980 ;. Milles et al., 1981), u}
2l LDH-5 ¥43¢] A= u|g< wiske= LDH
-A subunit mRNA®] FEZ7lol 7913 o|&
F$E5Z7bll+ LDH A-mRNA2| ul7t7]7} < 3u)
(4580l A 2,547k22) F718k Aol 7 Ygles
Foddn el WA (Jungmann ef al,
1983). Hybridization kinetics®] Z3}ol| wzw
isoproterenol®. stimulationdt rat C, glioma
cell culture2%¥ *2/3 LDH-cDNA(LDH A
cDNA oum Y= control poly(A*) mRNA ¥ c}
poly (A*) mRNA gem o 3o o ¥
homology & B F 31 9lo] A (Miles ef al,
1981) hormone® 2 AZ3 Az A33kA] 4
< 249 LDH A-mRNA 7loll= F-22q] x}o]
7F A& AHoletxm AA v} Qic},

ol g vlol] 93l eukaryotic mRNA
o -kl wi] 9ol glojA poly ade-
nylation signal( AAUAAAYE AHF =2 3 o7
w4547l mRNAE H8lskE &4 RNase
ol & susceptibilitys ZAs= F83 943
+ 73 (Shaw and Kamen., 1986)7} w#x u}
Atk

wetr] EEo2 Agld rat Ceglioma cell
culture F oA induce’ LDH A-mRNA 7}
controloll |3} translational efficiency”} Z7}
Ho =3 wprh ot olREe e
induced LDH A-mRNA<®] 3’-gigle] u¥ed =
19l d71¥ld<EA7F control LDH A-mRNAo
Uja] Zolzk vm whebd o] 919 folding
structure’} RNase2| 328 HA|& 7}54lo] A
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2 isoproterenol® 2% rat C, gliomas}t 5
species] rat®] A4 liver2%-€ cloningsl] ¥
2]3k LDH A cDNA9| 3-2t} 682 o7|vjd<A
£ 2AEgon] o] EdiE computer ¥4<L
24 3-2tie] 400 nucleotide®] folding struc-
tures ¥l HEIAS, £ A7 °|F LDH
A-mRNAS®| 3-ge} A7 deEA e 54 2
o] ®BAAFUE ¥ ohdel A& Aoldt secon-
dary structure® 2ojFiL glgo] WA rate]
73%- LDH A-mRNA+t 43 27 Solzloz
3-adrte] d7juido] & LDH A-mRNA7} A
T4 Ha IS I F Ui, ol A
#2 u]fo] a4 ratollde 23 EolHog 7t
717} &, w2bA] o529 translation efficiency
7} ©+& LDH A-mRNA7} 241& 7F54d0] A4
Ha ek, E=3 E2o2 A Fo AAs=
LDH A-mRNA7} controlol| ®ls ut7b7|7}F 7}

+ mechanism® shi= EE2AE F o]§ ¥
-2elo] d7lwjds47F o2 LDH A-mRNA7}
APAE7] dEY 7= AR st g,
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Al of

IPTG(Isopropylthiogalactoside}= Sigma il
4], X-Gal(5-bromo-4-chloro-3-indolyl-8 -D
-galactoside)x= BRL | A}, [e-32P] dJATP
(3000 Ci/mmole, 10 uCi/ul)+ NENo2YH
TFdsiadct, wiAle] F2 3 Ak Difco AlFE
2ejx 7|el bufferg st=+ A% Sigma AE
< AH&skadet,

Plasmids

pRLD42 . isoproterenolZ stimulation®} rat
Cs glioma cellz%-¥| polysomal mRNAE ¥
sd pBR3229| cloning3led &, LDH A
-subunit poly(A*) mRNA9| 3’-end®} F 700 bp
£ codingdl= ¢cDNAE 233l plasmideltt
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Fig. 1. Restriction map of pRLD42.
(Fig.1).
pWR 34:polylinker region ZH3Zel M13

reverse sequencing primer®} Universal primer
9} complementary sequences 7} 4] sequenc-
ingell |8 4 2l+& plasmidel®] marker24
Amp~9} Lac Z genes 7HA 2 o} (Fig.2).

pRLD 422] Subcloning

pRLD 429 #2]AA|+ Triton-Lysozyme %
¥ (Leonard G. Davis, 1986)l &js}e] 3}%3ch,

#2j3 pRLD42% Pstlez A2jg & 1.5%
agarose geloll 4] A 7|d53lz 7t7te] cDNA
band(500bp, 200bp, 50bp)Es AHHzld ac-
tivated DEAE membraneo] 77+ z7]oj %=
ol #¥e® transfersiol Flsldrt, H2| A4
& Z+7+e] ¢cDNA Ad#E& T4 DNA ligase® ©]
$43}o], Pstle2 23 pWR34 plasmidell
cloningsl2ith, 7zt7ke] ligation mixture® cal-
cium chloride ¥ (Maniatis ef al., 1982)l o}
g} Az JM83(r-) competent cell¥ trans-
formationsti IPTG, X-Gal %
&3 L-B agar plate©l

ampicillin &
spreading s} 91 =},

Sma I

Hind III
Pstl

Thl

Xmn I

Pvull

Fig. 2. Restriction map of pWR 34.
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ampicillin WA white colonyS 23}y recom-
binant plasmid% Fe| @45l Pstl H23 &
subclone® cDNA F#i$ skels}oict,

Rat liver LDH A-cDNAS| &2 % Subclon-
ing

Rat liver poly(A") RNAZ®E #]=23 cDNA
libraryell 4 plaque hybridization =t#Hel] 2]
(Leonard G. Davis, 1986) pRLD42% probeZ
3ty LDH A-cDNAS| Zx1& 243815}, g
& plaqueZFE 2 gtll-recombinant DNAE
+2] AAst EcoRI1e2 Akt oh& EcoR1e
2 AHzZg pWR34 plasmidel subclonings}od
pWRL-1. 6K recombinant plasmid& =3}
o},

LDH A-cDNA H7|uigd&Ae| 24

Subclone® plasmide 2% AFg-3le] Sanger
(1977)9] dideoxy chain termination ®}#e] 2
3 A7l dEAME FAs

LDH A-mRNAS| 2 %} 7X EA

Zuker & (1981)¢] 7}%& computer program
< o]83ted LDH A-mRNA®] 2 2} +25 24
shadrt,

Zo o 2y

Rat liver LDH A-cDNAS| &2| U subclon-
ing

Plaque hybridization ubHol] <]l rat liver
Agt11-cDNA library2%-¢ pRLD42% probe
2 3lo %23 DNA-recombinantol4] EcoRI
2] & 1,.6Kbel LDH A-cDNA #ZHE &
4= 39t} o] LDH A-cDNA ##HE& pWR3H4
plasmid 2| EcoRI cloning site o] AF 4l 4] 7
pWRL-1, 6K recombinant DNAE A =3}9ict,

Subclone® pWRL-1, 6K plasmid® EcoRI,
PstI-42] ¥ southern blot ¥4l 2lsl 1,6Kb
insert7t LDH A-cDNA$ slskeic) (Fig.3).
subclone® 1,6 Kb LDH A-cDNAE EcoR],
Xholl, EcoRYV, Bcll, Pstl, Sphl, Bglll &
o Agase Pzl Adas 2=E A4
9} (Fig4. 1.6KbLDH A-cDNA¢9] <i7|uwid
A5 £43517] Y&l Pstl# EcoRI Algtase
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Fig. 8. Southern Blot Analysis of LDH A-cDNA isolated
from rat liver A gt 11-cDNA library.
A shows the autoradiogram obtained from the
southern blot analysis using pRLD 424180 bp)
as a probe, which is coding for C-terminal amino
acids of LDH A-subunit. B shows restriction en-
zyme digested pattern of rat liver LDH A-cDNA
separated on 1.5% agarose gel. Lanes 1, 2, 3 in-
dicate Pstl-,EcoRI-digested LDH A-cDNA and
DNA molecular weight markers respectively.

A2jsled 942 0.5Kb, 1, 1Kbe] ¥ cDNA A
€ pWR34 plasmidel 747 subcloning 3+%ich
(Fig.5).

LDH A-cDNA HoJHigE & A

Sanger?] dideoxy chain termination =}3ol
98] sequencing¥t rat liver LDH A-cDNA ¢

0 1 2 3 4 5 6 7 8
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Fig. 8. Identification of subcloned LDH A c¢DNA (rat
liver) 1.1 kb and 0.5 kb DNA fragments.
Pstl, EcoRI double digested pWRL-1.6 K (B),
EcoRI, Pstl double digested pWRL-1.1 K (C),

Pstl, EcoRI double digested pWRL-0.5 K (D)
and Hind III digested A DNA (A) were elec-
trophoresed on 1.5% agarose gel.

71 vl 4 & A 2 isoproterenol A 2] & rat C;
glioma cell LDH A-cDNA29| ¢37|sjds4] 5 v
2§ A Figeel FAE gle vl 2o
termination codon TAA 9} polyadenylation
signal2. 45| AATAAA® hexanucleotide
£ #A¥ 4 3Isich, termination codon 5 9
Aol EAsle 17770 37l dsA22E 5972
ol = Abg codingste J7IvidE AL F
cDNAel glojA Fd3to] yrsizion] o5 29
o] 59709] elulicAl vid<EAE rat liveroll A 3
2]3t LDH A-subunit®] C-terminal o}u]:Al
siedeAl ol A A3kl (Steven et al,, 1982),

10 11 12 13 14 15 16 (0.1kb)

2 i L s 1 A 1 A e
3 [« — - 42 —
& = ) & & & 2 &

Fig, 4. Restriction Enzyme Map of pW RL-LDH A cDNA
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* * * *
A: TCCACCATGATTAAGGGTCTCTATGGAATCAAGGAGGATGTCTTCCTC A(ECGTCCC A'I‘G'Y‘
TCCACCATGATTAAGGGTCTCTATGGAATCAAGGAGGATGTCTTCCTCAGCGTCCCATGT

* * * * *
ATCCTGGGACAAAATGGAATCTCAGATGTTGTGAAGGTGACACTGACTCCTGACGAGGA&
ATCCTGGGACAAAATGGAATCTCAGATGTTGTGAAGGTGACACTGACTCCTGACGAGGAG

* * * * * *
GCCCGCCTGAAGAAGAGTGCAGATACCCTCGGGGGAACTCAGAAGGAGC TGCAGTTCTAA

* * * *
AGTCTTTCCCAGTGTCCTAGCACTTCACT(*STCCAGGCTGCAGCAGGGTTTCTATGGAGAE
ACTC-TTCCCAGTGTCCTAGCACTTCACTGTCCAGGCTGCAGCAGGGTTTCTATGGAGAC

’ *
CACGCACTTCTCATCTGAGETGTGGT -~ 2o e e m 4TGGTCCAGTTGTGTTGAGGTGGTCT
CACGCACTTCTCATCTGAGCTGTGGTTACTCCAGTIGGTCCAGTTGTGTTGAGGTGGTCT

*
GGGGGAARTCTCAGTTCCACAGCTCTACCETGCTAAGTGATACTTGTGTACTGGTAACC
GGGGGAAATCTCAGTTCCACAGCTCTACCCTGCTAAGTGCTACTTGTGTACTGGTAACCT

*
GGTTAGTGTCACAATCCCAGTGTCTCCAAGACACACTGCEAACTGCATGOAGCT-TTGAT
GGTTAGTGTCACAATCCCACTGTCTCCAAGACACACTGCCAACTGCATGCAGGTCTTGAT

*

* * * * *
TACCCTGTGAGCCTGCTGCATTGCTCH~~~-CGCACCCTCACCAAACATGC-TAGGCCAT
TACCCTGTGAGCCTGCTGCATTGCTCIGCTACGCACCCTCACCAAACATGCCTAGGCCAT

* * * * * *
GAGTTCCCAGTTAGTTATAAGCTGGCTCCAGTGTGTAAGTCCATCGTGCATATCTTGTGC
GAGTTCCCAGTTAGTTATAAGCTGGCTCCAGTGTGTAAGTCCATCGTGTATATCTTGTGC

* * * * * *
ATAAATGTTCTACAGGATATTTTCTGTATTATATGTGTCTGTAGTGTACATTGCAATATT
ATAAATGTTCTACAGGATATTTTCTGTATTATATGTGTCTGTAGTGTACATTGCAATATT

* * * * * *
ATGTGAAATGTAAGATCTGCATATGGATGATGGAACCAACCACTCAAGTGTCATGCCAAG
ACGTGAAATGTAAGATCTGCATATGGATGATGGAACCAACCACTCAAGTGTCATGCCAAG

* * *
GAAAACACCXAATAAACCTTGAACAGTGAGTGATTG ARAAAAAA
GAAAACACCAAATAAACCTTGAACAGT@~-+----—AAAAAAAA

Fig. 6. Comparison of C-terminal Amino Acid Coding Sequences and 3-Untransiated Sequences of isoproterenol
stimulated Cy glioma cell LDH A cDNA (A) and Rat liver LDH A cDNA (B).

LDH A-mRNA®] 3-2t} y|siod EHojol oly) -cDNAY 95%< homologys veldlEd &
Wl s AES & 723 rat glioma cell LDH 718 ARRe F <djujdsAdelA 9, 521 8bpd
A-cDNA = 505bp % 2 ® ratliver LDH A ALd Arldo] A7l =+ AAY A4S e
-cDNA< 511bp3le]l #3A rat liver LDH A Hi glo] o] ¥ LDH A mRNAE =3 So|#
-cDNA7} 6bp o] 71 7o g Jepytch (Fig). o2 zmE TEAF s LDH A-fAzke o

=8 -k ujded 290 glojs F LDHA & ¥l coding HE 71548 AAshd of$-
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Eula ¢ AAE vdFT Yo,

LDH A-mRNA2| 3'-2ct 400 base-2 A} =
24

ol & Ar|vldT A ool jsle] 3-wrhiH
9] mRNA 2 & 7F=z9 §4& A5 -‘43}"4
computer 4% 3 A3 Flg 7ol =43 ulel
2l o] % LDH AmRNAS| 3-306) 25 7
zE 5ol AolE BAFH U & + U
o,

£3] poly(A) addition signal FHoll gloiA]
LDH A mRNA .., & stemloop 72& 34
3l e yksled LDH A-mRNA(rat liver)=

. 4Obase
c 4
*ay e’
GG CcA
Ua
cc
AU
UG
G C
U ¢
Ua v
U A W© G,
[ c U G U
u A acYscua vecalscac U
A .
C . UC CCAY ACGUGGUC :
¢ c v c g 65vase :
v v S, C° :
cc Agug Ay &
cc UA UA
cc
AU oy
ce c\d:
AU vu G
C A
cc AU ‘_’3
c c U a "
U u U A Ya o€
Ua G ct ¢g
AU v
cal € cG U A
u G c Gy, ¢S v
¢ ¢ ¢ o U A
v . v acucUcuthcy cct Yo,
v UCAT CA,.CA,GC, &
Mg ¢ ¢ c, Ac*"a™,  §
A UG G
cc A
G ¢y,
cc¢C ua v
AU
GCUC CCG
cch G¢
aG Cy
cc U A
5T end U e eveces >

CC aAacCaAaUC

Rat Liver LOM-A mANA

end
AAAACACCAAAUAAACCUUCAACAGUGAAAAA
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single strand® ZAsl: gle} o] ¥ LDHA
-mRNA+ #8842 RNased| 3740l it A
2 Aolqt hHAE B 7beAE A 9l
.,

Eukaryotic mRNA2| 3-u]lo 9o 3y
w94+ post transcription THAlIA A=
Wy zAd glojM Fod H¥E Tsin Qo

F7%0l A% Rasjn 9k, F cytosolol

€ %2 mRNAE Fiol wet 2] o+
ul7b71 & 7}A9 (Koch, H. 1979 ; Chia, L.
L., 1979 . Fuchs, R.P.P,, 1983), 3l:}e] cellol
thekgt ub7i7]1e mRNAZE &7 &Ajsmz
6Ldage
Aau ant B
AU
cG
:
Gy a
ce
A
0 U ch Ay
e & ¢ A aU8
g 3 U a AA AA"
cc CG U cC
cC ¢ U A GC
Ve ¢ Au AU
AU CGC AU
cc AA,% ¢ N
AGTeTeT T “ug C A
A GC
C UCACACA., A U U ag
c cG AU
G ‘l:j G cc .
G CA UCU Ay U A 3" en
A ; oA ACCA CUcAASUC “GUGAUUGAAAAAA
Uc o’ cac GGOUZUGGUGAGUU,
cG cG ¢
GC cCG v
Ua [ c
AU AU AAAU, u
C ccA A U
A 0e €% dueac 5'end
AU G A
(o GC
o’ Ay Ay
c uc
41 base UsG Cy,
....... caa o©
Ua
¢e
Y ¢
Av
uGc
GC
UG U
U A
U A
¢ Cy
UgG

Rat Cé-elien‘ Cell LDH-A aRNA

Fig. 7. Secondary Structures of LDH A-mRNAs Obtained from Rat Liver (A) and Isoproterenol Stimulated Rat

Ce-glioma Cell Cultures (B).

The folding structures of LDH A-mRNAs were derived by using computer analysis with a program described by

Zuker and Stiegler (1981).
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mRNA9| u7t7|& ZAAsh= A¥+E 2 mRNA
o Eahlel EAE 7oz AY7tso (Caput, D.,
1986 ; Simcox, A.A., 1985), SA 3k o 7|ujod
Aol &35 #HBol| oz} (Gray Show and
Robert Kamen, 1986), =+ oj" E=x3 2
T2% Aol oz} (Ingrid, E. Bergmann,
1977) mRNAS] 158 ui7b7) 8 24 2 Aela}
+ FAE°l MAlsl drh, mRNAS u|#Hod ¥
#+ RNase®| FHol| 714 ulzdt Bjold
(Ingrid, E. Bergmann, 1980) ©] %ol otAA
o] & 2 mRNAS wz7|& AAE Holgn 2
253 9lth(Ross, J. et al., 1986; Alexander
von Gabain, 1983), =% mRNAY 3-u|#ed
% % + mRNA binding protein & 7 ¥ 3} of
RNase®] F7Aol hsle] B3I s|v 0|8l proteinE
9] RNAol 9% binding affinity= RNA<] 2
A Fze] o8 =AM 239} (Ingrid, E.
Bergmann, 1977) 7% A|AE w, 2 Eo|xo
2 EE TEAF o] M2 Al 2 2 F2E
Z+& 5 LDH A-mRNAo] 3 RNA binding
protein®] binding affinity= A& o}& Aozl
beAdE Alabsk 9l Ingrid, E. Bergmann
(1980)¢] B33t uloll oj3}ed mRNA9| Wi g
& nucleasedll 93 Azt ol ojsted =ZA
48zt ¥kele in vitro translation product
sizeoll= A BE vlHA] ¢k-go] A=
=3 Ross 5 (1986)2 H, Histone mRNA
3-2rh-9le] RNaseol 9% #2317} mRNA
FalehAl 9] rate limiting stepyd-& ¥ u}

o, oy rf

oo g

X_1
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lew=] g-lactamase, Omp A gene transcript
Ztele FUR At asn gl (Alex-
ander von Gabain, 1986), 1l ollz} beta,
delta-globin mRNA®| 7% 3-2ghe] wjwod
47 o2 drjuid g ldez 77t 16,54 7)
2 4,547k w71 E ZAlEl o (Pizarro, A,
1983), Yeast CYC 1-mRNA9] 7% glojA] 3
-airhe] wdRelel drjujde 22ld CYC 1
mRNAE BAtoz otd4de] 2eial g ¥ 1
g vl glt}(Zaret and Sherman, 1984),
olote ZANEEHH -tk wiwdRs|
471l @dsA= RNased] FHol g 2AARE
23 3lojA mRNAY 243 y4¢ AA3x
ol-ge{ o]E< proteine T HAETEEL =AY
T AUe 71AE 2 lda dAE 4 gl =
Al ATl A A e} Zro] ratollA ¥
2]% glioma cell LDH A-mRNA¢} liver LDH
A-mRNAE 3-te] wlwod 9] ofrjujds
A5 223k mRNAE A4gtez zzxEo|Ho
2 oE uvlE ZA E # ohz}t olzald
LDH A-mRNAS] #H9i&s =Adie 71AE
Alotstaz} kel olg-# Isoproterenol® =3t
rat Cq glioma cell LDH A-mRNA7} v]lmF9
Ceglioma cell LDH A-mRNA¢®| vls] <FA3}s
ol%¢] st LDH A-mRNAS] 3-uith u]wod
e d7lwidEAst h2n wdetd mRNAY
2 A F2& 22]sl=2 RNaseol] tid $Ac=2
2 ol¥3td LDH A-mRNAE A4lslr] &
o 7hsA s obge] AlAlstaa} &,

o

2

Rat C, glioma cellell 31oi4 LDH A subunit mRNA¥ Isoproterenol =¥ dibutyryl cAMPE. #2lg & 7 ¥apsx
7b oF 29 23 2 43kl o 3uish Srks LDH A-mRNA7 Al4dse] w38 LDH A-subunit® de novo &4
8-10#17} F7tsiolgo] WA}, £4 catecholamine =+ dibutyryl cAMP #2] % rat Cs glioma cell cultureoil Al
427174 $7kd LDH A-mRNA9] AJ417|de] LDH A-mRNAS] 5-wth =i 3-mithe] ujujed 2.9lo] adr|ujodEe] 3}
ololl o1& 719 7h54del MnH vl e}, wlebi B odFol4s LDH A-mRNAS AL AR dr|ujdsqe A4
@ 5202 mRNAS d7lE ZAAske Ayrt 3-wdule) wiadiielo) drjujdsde] Qloke ®vo) ujel dxzos
isoproterenol® #53 rat Coglioma cell2%-8 cloningsted 3¢ LDH A-cDNAS$} rat liver Agt 11-cDNA library®
¢ plague hybridization %ol 2i8} ¥2|3 LDH A-cDNA®] 3'-2zte] 680bpe] 37]sHd445 DNA sequencingel
o8l #4435l computer analysisel 9% 5 mRNA® secondary structures ulastlch, d7juldssle] 24243)0 o
ahd C-2wie] 5970 olmlxabg codingdhe WrlMjdssE SUsiolor 3-ulded 290l glojA 9] homology: 2 95%
£ vehlgled S71% AR 3 ¥919] drleldeAE 5-99) d4E odvlujdEAls) deletion EX insertion | Ho] wa
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sier ol F d7judEAdel alolol| 23t secondary structureoll= & x}bo|7} T A}, B Ao Az
3 “’z‘ 7ejed o] Boldl stolol| s $E9| rat9 liver?t glioma cellolAl o‘éﬂ LDH A-mRNA+ z=3Ee|zlo
2 g 2 2AT2E 2, webd o] § zalo ZaAlstt LDH A-mRNAE oh2 bgAle 248 71548 A4]3le ol
rat glioma cell cultureell 4} Isoproterenol #2l % A% LDH A-mRNA® w777} 2718 o]%9 3hbs
Isoproterenol2 A2]3}7] A fol A4=l LDH A-mRNAS] 3-awte] odrjujdsAle] ibolol ofa] the 2 2 72E& 745
7] & THsAE A4Skt g
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