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Molecular Cloning and Nucleotide Sequence of cDNA Encoding the
Precursor of Rat Mitochondrial Very-Long-Chain Acyl-CoA
Dehydrogenase, and Expression of the Mature Enzyme in E. coli

Ichiro UENO
Central Clinical Laboratories, Shinshu University Hospital

cDNA covering the entire coding region of rat very-long-chain acyl-CoA dehydrogenase obtained from a
Agtll cDNA library prepared from clofibrate-fed rats was cloned and sequenced. The ¢cDNA for the enzyme
covered 2117 bp and encoded 655 amino acid sequences, consisting of a 40-amino acid leader peptide and a
615-amino acid mature enzyme. The amino acid sequence of the mature enzyme at the amino terminal side had
a high similarity with those of long-chain, medium-chain and short-chain acyl-CoA dehydrogenases, but the
enzyme had a longer tail composed of about 170 amino acid residues at the carboxy terminal side.

The enzyme was expressed in E. coli with the use of full length cDNA covering the mature enzyme
structure for confirmation of the ¢cDNA sequence. The expressed mature enzyme was very similar to rat liver
enzyme in respect of its molecular and catalytic properties. But the enzyme expressed using truncated cDNA
clone at carboxy terminus had no enzyme activity.

The results indicate the carboxy terminus plays an important role in the conformation of the enzyme.
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Fig. 1 Restriction endonuclease map and sequencing strategy of rat very-long-chain
acyl-CoA dehydrogenase (RVLCAD) clones
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Fig. 2 Scheme for the construction of expression vectors with RVLCAD truncated

and full clones
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Fig. 3 Northern blot analysis of RVLCAD
mRNA
Twenty ug of total RNA from rat
liver was used. **P-labelled RVL-52 clone
was used as a probe.
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1891 TIT CGT AAC TIC AGA AGT AIC TCC AAG GCC ATG GYG GAG AAT GGT GGC CTG GTC ACC AGT AAC CCC CTT AGA GIC TGA AGACTCCTAATCAGG
591 Phe Arg Asn Phe Axg Ser Ile Ser Lys Ala Met Val Glu Asn Gly Gly Leu Val Thr Ser Asn Pro leu Arg Val TER

1984 CCCTAGCACAGTCGTGTGCCTTCTTCIATGCCARRCACAGGCCCCCTTCATGGGGGCACTGGAGTACTTACTGCCTTARGGACAATAANRTTTTCTACCARAAARARAARAARA 2096

Fig. 4 Nucleotide sequence and deduced amino acid sequence of RVLCAD ¢cDNA
Underlines represent the amino acid sequences confirmed by direct peptide sequencing of the
fragments obtained after partial hydrolysis with V8 protease and lysylendopeptidase. The putative
poly (A) addition signal, AATAAA, is indicated by a double underline. Nucleotides are numbered at
the left end of lines, taking the A residue of the initiator methionine codon as 1. Residues in the &’
non-coding region are indicated by negative numbers. Amino acid residues are numbered in the same
manner taking the first residue of the mature enzyme (Ala) as 1. Residues in the presequence are given
negative numbers.
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RMCAD 153 K DEYVINGﬁguﬂMfJ‘ RNW EESNPDPKVPASKAFT TWEADTPETHT
RSCAD 148 EEEDS B AL N SWERS ATVIGE ASBDRSRQNKG - = His MPTEELE
v

RVLCAD 256 IENN AFeMARTLABTMKAT
RLCAD 217 EPQERLLIMDLAISACEFM
RMCAD 211 AFDRTEPTVEAGEVELAQRA
RSCAD 203 MGIHTGIRSQIN BT AQAS

RVLCAD 316 IAK
RLCAD 277 FEETR
RMCAD 271 LDERT
RSCAD 263 LDCH

*ILQYVTESMAYMLSE—NMDQGFE?FQ—I
AR LKTNICVT--RAFVDSC-LOLHETJRLDSA
_MKVELART.SYQRAEWEVDSGRRNTY~F
_LALESARILLTWRAN-MLKDNKEPFT-K

RVLCAD 374
RLCAD 334
RMCAD 329
RSCAD 320

RVLCAD 434 LQGCMDKGKELTGLGNALKNPLGNVGLLIGEASKQLRRRTGIGSGLSLSGIVHPELSRSG
RLCAD 394 RQIVSDS 400

RMCAD 388 REHIEKYKN 396

RSCAD 380 GHLLRSYRS 388

RVLCAD 494 ELAVQALEQFATVVEAKLMKHKKGIVNEQFLLORLADGAIDLYAMVVVLSRASRSLSEGY
RVLCAD 554 WCIEAATRIRENMASLOSNPQOQELFRNFRSISKAMPTAQHEKMLCDSVENGGLVTSNPLRV
615

Fig. 5 Comparison of amino acid sequences of four rat acyl-CoA dehydrogenases

Rat very-long-chain, long-chain, medium-chain and short-chain acyl-CoA dehydrogenases are
abbreviated as RVLCAD, RLCAD, RMCAD and RSCAD, respectively. Residues shared by more than
three of four enzymes are framed. Amino acid residues are numbered at the left end of lines, taking
the first residue of the individual mature enzyme as 1. Residues in the presequence are given negative
numberes. Amino acids assumed to be an a-proton subtractor in the catalytic reaction of RMCAD
and RSCAD are marked by (¥), and that of RLCAD by (V). RVLCAD has an a-proton subtractor
(E) at the same region as those of RMCAD and RSCAD.

136 EMERE Vol 41



R T 2 N -CoA ¥t Fu s+ —+ cDNA

& (2.3X5em) T TS5 A L, h T AR¥ERLE
#, WEL72—2 s VERAEZI0MM = F —
YEUH G AAy 7y —CHH Ui, IEHES ED
HERLLCYI0BO 7 77 # — Xawhlz, BET
SHEHRERE SR 7 o — 2 s vELE LRIEERA TN
Lize TORIE%ImM PMSF Tl X%, &V
=F UV 7Y a—06,00000.1g/ml 2 50.25g/ml ©
SEEELDCL D ED I, BEIRL kB 210mM
potassium phosphate, pH7.5/0.2% Tween20ic ¥ f#
LEAy 77 —CEHELIcE AR LR -2 A 5 A
27774 L, iv10.2% Tween20% 3 potas-
sium phosphate ¢ ¥ ZJEL% i (10~200mM, pH7.5)

EITVCIERE 2 EIN L 72,

EREER I Lowry BP0 FEOEE L &L 1T
olca BRIV 3 b 1 A-CoA #EE 1 phen-
azine methosulfate ¥ BFEEFME L L, 2,6-di-
chloroindophenol #&Jt4 % H LW CIT » #-, SDS-
PAGE™10% % v X FWTIT, 414/ 70 v MR
e Towbin B D FIEIHE » F2o

m # ®

A RVLCAD eDNA®ZRQO—=>%

1 RVLCAD cDNA DEEEF|0HE

Bl 7 = — v RVL-520 HEIT 22L& Ui,
RVL-520 Sph 1 3 X O° Pst 1 D#IBEEESRWTH & RVL
~52 deletion mutant % Fi\ 7, HEEEIT] DR ER
I, ZoFAER X CHIRERMN Y Fig. 1T,
CORER, PR HY-A¥FEoL,680bp Dy v — v
OEFFOTN RIE & i,

RIS OFER & BB 0 T2 = v bOX
&Fa0b, RVL2BBFROSBRES Y » - LT
WL ERTFRIZ M0 T, BEEEO mRNA O
AR/ =¥V I ey PO DL, £RNA
%7 v PFHBE X » acid guanidinium thiocyanate-phe-
nol-chloroform (AGPC) ¥k L v i L, 1%+
MATAFE R 7 HR — R LV CERKEI L, 7R
=7 & LT, 2P CHEE LA RVL-52% v e, 20
iER, FEEFE D mRNA OV 4 X3492.3kb L HEE X
hi- (Fig. 3.

£ZC, RVL-520> 7 v — v D5 EFias & Sph 1+
1 bETO8Tbp % Y r—F & LC, HEcDNA 54
TS5V —Ih RSV —= v I RTo e, TORER, B
BROEREH A —F52,11ThpD 7 v — v (RVL-
57) BMEnh (Fig. 1), HERIINREEI NI,

No. 2, 1993

T, ThebEEEh R BE07 ¢ 2 BET
Fig. 4w,

2 RVLCAD ©7 3 /EER I & OBECF OffT

BT SHE L s FRERO 7 3 2 B &,
WS v SRS 7 3 BOREB Y T
LAERIRE A E—BL T, R bz, Eills v
BRI O TR E T R T 7 — € TERA KR L T
BHI8 20T+ W07 3/ BESI 2~
Fo—rvy—l VIRELAL L o5, HERF XY
HEI T ¢ /BEF L Fig. A0 THRTRLAS
BH—BL LT Uiz,

3 o7 vr-CoAFeRriy—RlDker

— 1%

BB UEAEDT — 2 -2 ®FHLS v &
BRI TR, ABEEOYr T 2=y b7 I /8
BeF 5 v 58 (RSCAD), g4 (RMCAD), E
7 v A-CoAFe N ryr—+ (RLCAD) BL U
AV AV YINLCoOAF e Ferdr—ELEunhkeny
—RETEZ LR o,

Fig. SiedBEREIMO 32D 7 v 1-CoA Fk Fna
Fr—EEDkERY -REOERYTT, FEED
T 3 BREREO8 ) H433B H oS, o 3 o0k
BEE G RERS—BEED LR,

—7#, C-RUHIY1707 § / B5REY, o 320
Ton-CoOAFePryFr—Rlrero—2Tbi
s 7":.0
B RVLCAD cDNA 70— AXBEICH 1T 5531
1 RERFEO BN

ERAEREOSMIER 4> 7 v — v % pMAL-c
FIHR~7 2 —flArirz., E coli TBURKTORE
YEEFEEL SDS-PAGER L 57 = — 2 a vERE
DI~ & 2 5, IPTG FHEE 4 B oI
BRI, BEEOEAHRDI%YHAU%BRED
HEERE LRI,

RVLCAD D8I Rz 3313 5 SDS-PAGE & 7
b7 T wmy MEWORKERY Fig. 60 A, BroRd,
B R ERE SDS-PAGE 0% v 74 & U TR L 7048
H, 72— vEHELEEIhLER ) =TF D
EZREMARD LI, &5, ks boBEs
W% SDS-PAGE 0% v 7 & LTHV5 L, 7
2= avEARE (v—-v2, a) OBRMFOSRED
EHEZINB L) —20KERAVE (L—v2, b)
BFED LR, ThbDsAy N i, BRESS YRS
v—v5na, Victh Zhiicl =, BEMEEY

137



(kDa)
97.4 —
66.2— Fig. 6 Analysis of the expressed
RVLCAD
(A) SDS-PAGE; (B) im-
45.0— munoblot analysis. Lane 1, rat
liver enzyme (71 kDa); lane 2,
extract; lane 3, amylose resin
affinity column chromatogra-
21.5— phy; lane 4, factor Xa diges-

tion; lane 5, phosphocellulose
column chromatography ; lane
6, maltose binding protein (42

kDa) ; lane 7, rat liver enzyme
treated with trypsin.
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Table 1 Purification of the expressed RVLCAD

Step thgl Tota.l Spe‘ci‘ﬁc

activity protein  activity

units mg units/mg
Extract 125 125 1.0
Amylose resin 96 15.6 6.2
Factor Xa 86 15.6 5.5
Phosphocellulose 56 6.0 9.3

The bacterial pellet of 1.25g was used.
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Fig. 7 Estimation of molecular weight by molecu-
lar sieve
An Ultrogel AcA34 column (1.5x46cm: LKB
productor) was used. The buffer used was 10mM
potassium phosphate, pH7.5, containing 0.2%
Tween 20, 0.5M KCl, 0.19% hexamethylphosphoric
triamide, 2mM 2-mercaptoethanol, ImM EDTA.
The following standards (@) were used for calibra-
tion of the column: 1, rabbit muscle pyruvate
kinase (Mr=237,000) ; 2, rabbit muscle lactate dehy-
drogenase (Mr=140,000) ; 3, pig heart malate dehy-
drogenase (Mr=70,000). The position of the peak of
the expressed RVLCAD activity is indicated (O).
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Fig. 8 Carbon chain length specificities of the ex-
pressed RVLCAD and rat liver enzyme
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i
Pro i:g Arg
33 -29
Ley
Leu Arg
-26 ~36
Ala Arg
~37 ~25
Gly
-30 -32 Ser
-39
Ei; Gln
-34 -28
Thr Gln
-35
Lo Mot
-38 -24
-31
Ser Yfi Leuw
Fig. 9 Helical wheel analysis of the presequence

from ~**Met to ~%Gly of RVLCAD

Positively charged residues are indicated by
bold letters, whereas hydrophobic residues by italic
with underline.
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Control

L K Lu H M

DEHP

L K Lu H WM

Fig. 10 Northern blot analysis of RVLCAD mRNA in various organs
Twenty pg of total RNA prepared from various organs of the

control and DEHP-fed rats was used. **P-labelled RVL-57 clone was used

as a probe. Abbreviations are: L, liver ; K, kidney ; Lu, lung ; H, heart;

M, muscle.
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