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AIM: To clone the cDNA encoding an isoenzyme of
mitochondrial very-long-chain acyl-CoA dehydro-
genase ( VLCAD) from bovine heart Agzll and
Agt10 cDNA libraries. METHODS: The clone was
isolated with immunocscreening technique and
validated by (1) the microsequences of the N-
terminus and three internal proteolytic fragments
from the purified enzyme; (2) identification of the
acyl-CoA dehydrogenase {AD) signature sequence;
and (3) high- homology of the deduced peptide
sequences, as expected, with those of rar liver
mitochondrial VLCAD. RESULTS: The cDNA
(2203 bp) corresponds to a ~ 2.4-kb mRNA band
from the same tissue scurce revealed by a Northern
blotting. The deduced peptide sequence of 655
amino acids (70 §37 Da) is composed of a 40-amina
acid mitochondrial leader peptide moiety {4 346 Da)
and a 615-amino acid peptide as a4 mature protein
{66191 Da). A comparison of the peptide
sequences in the AD family shows the major
diversity in their signal sequences, suggesting a
structural basis for their different mitochondrial
locations, The catalytic sites are all highly
conserved amcng VLCAD. Ser-251 analogous to
and Cys-215 diversified ro other family members.
A pseudo-consensus sequence of leucine zipper was
found in the C-terminal region from Leu-568 1o
Leu-589, implying a mechanism whereby the dimer
of this protein is formed by zipping these leucine
residues from the a-helixes of 2 monomers.
CONCLUSION: The isolated cDNA clone encodes
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an isoenzyme of mitochondrial VLCAD in bovine heart.

It is proposed that acyl-CoA dehydrogenases
(AD) have evolved from a common ancestral gene
and acquired their distinctive substrate specificities
in the course of evoluton''.  Short-( SCAD},
medium-{ MCAD ), and long-chain acyl-CofA de-
( LCAD )3 focated  in  the
mitochondrial matrix are characterized. Very-long-
chain acyl-CoA dehydrogenase { VLCAD), a new
member of the AD superfamily. 1= located in the

hydrogenases

mitochondrial inner membrane and catalyzes the
first, possibly rate-limiting, step of P-oxidation.
The reaction involves the 1, 2-dehydrogenarion of
acy]-CodA thioesters > 16 carbons in length and leads
to the formation of truns-2-enoyl-CoA products -1,
Genetic defects of AD have been found in
infants and children and commonly present with

1 Prominent

fasting coma and hypoglycemia
symptomatology also includes muscle weakness and
cardiomyopathy, reflecting the major role of fatty
acids as a source of energy for skeletal muscle and
heart.  These genetic defects have also been
implicated in the eticlogy of Sudden Infant Death.
Two patients with VLCAD deficiency have been
described"’ .

Rat liver VLCAD ( RLVLCAD) was purified
and characterized' , and its ¢<DNA has been cloned
and expressed in hepatoma cell lines'™’. Human
placenta VLCAD {HPVLCAD) was also cloned ™.
We now repurt ixclation and sequencing of the
DNA encoding the precurser of bovine heart
VLCAD (BHVLCAD), and eompare this sequence

with those of other AD.
MATERIALS AND METHODS

Materials Bovine heart muiochundnal preparatiuns were
obtained frean Dr Keith D GARLID'S laboratory a1 the Olregom
Gradvate  Insutute The pulvelemal  annibodies  agamst

BHVLCAD were preyared in our Eabh owng  purdied
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BHVLCAD ( The punfication of BHVLCAD and the
preparation of the polyclonal antibodies will be published
Biwvine heart Agrtt and Agri0 cDNA libraries
Alkaline phos-
phatase-comjugated goat anti-rabhit IglG anubedy and other

separately) .

were obtained [mom Clontech Laboratones.

reagents used [or Western blottmg were purchased from
Sigma, and pulyvinylidene dilluonde membrane was obtamed
frum Milhpore. [ P1JCTP, " ¥* P] dATP, and
Lo-"* B8]dATP were Irom Dupont/NEN.  Escherichia cofi
strams Y1090 and XL1-Blue were from Stratagen; TA
cloning vector was [rom tnvetroGen; oligo {dT) column was
{from Gibee BRL; Gene Clean kit was {rom Bie-101: nylon
membranes were from S5&S Nytran: and the RNA size
markers were from Bioehringer Mannheim. All restriction
enzymes and Ty DNA ligase were obtained [rom BRL
Reagents used for DNA sequencing ( Sequenase 11 ) were itom
Umited States Biochermical Corp.

Determination of partiat amine acid sequences of
BHVLCAD The purilied BHVLCAD was electrophoresed on
a 10 % polyacrylamide gel
dodecylsulfate  and  then
polyvinylidene difluoride membrane.

contamning 0.2 % sodium
electrically transferred to a
Western blots with the
polyclonal anuibodies to BHVLCAD were used to monitor the
putilication. The protein bands were cut Irom the membrane
Ior N-terminal microsequencing.  The remaming protein was
eluted [rom the membrane and subjected to trvpsin digestion,
followed by HPLC
obtained and microsequenced by Edman degradation using an
sequencer. Model 470A,

120A PTH analyzer { Applied

Three proteolyiic polypeptides were

automated gas-phase protein
equipped with a  Model
Biosystems) .
Immuonescreening of ¢eDNA libraries The hovine heart
rgtlt cDNA library was screened using polyclenal antibodies
v BHVLCAD as probe, according to Clontecl's protocols.
Briefly, the phage irom the bovine hLeart agrll cDNA
expression Library were plated, employing E coli strain Y1090
as host. at a density of 10° PFU/plate.  The agzll phage
Alter 42 C
had been
presaturated with isopropylthio-g- D -galactoside 10 mmol*L ™!

without insert were used as negative controls.
incubatiun for 3 h, pitrocellulose filters that
were apphed on top ol the plates and 37 T incubation
continued fer 3.5 h Fullowing a typical immunostaining
witl: the polyclonal antibodies, the positive clones were picked
out for rescreening and 1solation.

Further ¢DNA tiibrary screeming with hybridization
prebe  Inserts from the positive clones obrained {rom the
immunoscreening were cleaved wing E:wRl and random
labeled'® with [« P1dCTP as hybridizauon probes for
acreening the bovine heart Agzi) ¢cDNA library for longer
vONA fragments procedures.
Briefly, the phage were plated, emploving E ealz strain C600
hlt as host at the uter of 3 « 107 /plate and incubated for 6 — 8

aceurding  to Clontech's

h.  After couling down at 4 C , the plagues were trans{erred
onto duplicate nitracelulose filters which were then denatured,
neutralized, rinsed, and bsked at 80 T under vacuum for 2
h. The prehybridizativn. with a hul{er containing 6 *~ SSPE,
5« Denhardt's, 0.1 % SDS, and 100 pg of denatured salmon
sperm DNA * mL™!, was carried out at 65 C for 4 h.
Hyhridization was cammed out in the same buller at 65 C
overmght with the boiled probe of 10° dpm-mL™". Filters
were then washed four times: twice under the conditions of 2
< 88C, 0.5 % SDS for 15 min; once with the buffer
contzining 1 ~ SSC, 0.1 % SDS at 37 T {or 30 min; and
once with the buffer contaming 0.2 =~ 52C, 0.1 % SDS at
65 C for 1 h. The filters were then dried un Wetman paper
and subjected to autoradicgraphy at — 70 C {for 24 h.  The
resultant positive plagues were 1solated, rescreened, and
Turther purified.

Subcloning and DNA sequencing The ¢cDNA inserts 6f
an isolated clone from the A phage were excised by EcoRI
digestion, subcloned into & pUCL9 plasmid vector, and then
translormed mto E goff strain XL1-Blue using the Ca®*
method®!.  The recombinant plasmid DNA was isolated and
purified on & large scale using a CsCl gradient. Both stemns of
the inserts were sequenced [rom both directions by the
dideoxynucleotide chain termination method. A twotal of 24
oliges (18-t0-22-mer each) spanning the length of the cDNA
were utilized as primers lor the sense or antisense cDINA
strands (Fig 1).

{EcoRl) Hinfl Pwull Styl Psu BamHI {EcoRI)
o b | [ 1 | | } 5
1 338 699 BEZ 1426 1844 2203

? Intron

BYL2Y L ]
bvLz? T
BvLLP [
——
BYLT 100 by -
Fig 1. Partial restriction map and sequencing strategy of

BHVLCAD <DNA clones. Representative restriction sites
are shown on the top. Sequnencing strategy is summarized on
the bottem. Solid and blank rectangular bars indicate the
coding and noncoding regions. respectively. Hoerizontal
arrows indicate the direction and length of the <DNA
sequenced from each fragment. Hatched bar presents an
intron of the BVL-28 fragment.

Nerthern blotting
m]

Total RNA fractions were prepared
{rom bovine heart’ Briefly . fresh tissue was homogenized
with guanidine isottnocyenate and then centrifuged rhrough a

CsC] cushion.  About 3 pg poly-A RNA, selected with an

[
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capdlary action  The poly-A RMA war crosshnked 1o the
membrine with o UV-cromalinker (254 ) Gllowed Ly
rmsmg m 6 - S The membrane was prebybridized inoa
buller contmmmg & SSC, .5 % SDS, 3 - Dephardt’s, and
FOb e oF denatured salmon speror DNAYm] m 65 T for 4 b,
Hybmdizan:n was performed 1 the same buffer a1 68 T for
16 b with the [« P ACTP labeled insert of the posiuve
clone. BRVL27. (B dpm *mL 'Y by the random labeling
micthed'™' The filter was washed twice wnh 6 - 35C.
0.5 % 305 for 15 mun, twwe wath 1+ 550, 001 % SDS a1
AT ford0 min - 2, andonee with 0.2 S8C, 0.1 % SDS
at 63T for | h. The resalt was vievalzed by
7

N Y .. 14 L
on g 1g i

autcradwgraphy ar —

Obtaining the 5 end of the cDNA fragment Tor rajud
aruplificarnn of vTINA ends (RACE)T. 5 g of mRNA
were reverse-trant-cripted using gene-specific pomer GP1 with
the sequence of 3 -CTCCCCAGATGCCAGTT TG correspond-
g tu nucleotide 633 o nucleouds 615 of the cDNA (Fig 273

The mRNA/DNA hvbrids were tailed with poly (A)
g eertundl deoxynacleatidyl transterase  PCR amplifica-
tHon was firet performed wath 3 primers; GP2 {3-
TCTCCTCCACTCTTTCCAG ) carrespanding 1o nucleotide
397 w pucleotide 379 of the cDNA: at the 3™ end, a puly (A)
primer [ 3 -AAGGATCCGTCGACATCGATAATACGACTC-

ACTATAGGUAIT )7 plus a primer with the 3' region of

- - AT
the pdy (T prmer (3 -AGGATCCGTCUACATCUATA-

ATAC}. A 2nd run of PCR was performed with t pL of

preduct (1220 diluted) from the 1st run and another pair of

promers: GP3 (3 -TTOGAGCACAGACGGGTATGGAAACA)
correspending to nucleonide 290 to nucleotide 266 and a primer
with the 3 region of the poly (T primer (5
ATAATACGACTCACTATAGGGATTTT . The resultant
products were separated on 1 % agarose gel. cm out, purified
wih a Cene Clean Kit, ligated into the TA cloning vector,
transformed into the supphed competent cells. and sequenced
(3 different colonres svmultaneunsly 1o avoid tnuiated ervors),
Compuler aunalysis of DNA and protein sequence
Nucleaude and protein sequences were analvzed using PC/
CENE o« Inrelhenetie ) Version 6,85 waltware.  GepPank™
DNA and protein database searches were conducted using the
BLANT Server fronc the Nanonal Center Ior Biotechnology

Information.

RESULTS AND DISCUSSION

Isotation of bovine heart VLCAD ¢DNA clones
About 11" independent recombinants were screened

with the anti-BHVLCAD antibody.  Two positive

clones { BVL-7 and BVL-24), each 353-bp lung,
were determined to be identical by subcloning and
The cDNA fragment «f BVL-7 was
used az a probe 1o Tescreen a bovine heart Autl0
cDNA library. A screening of 7 < 10" plagues
vielded 24 positive plaques. Restriction mappng of

SEQUENCIng .-

the inserts ( Fig 1) mdicated that one clone, BVL-
28 (2123 bp). extended further than any other
inserts at the 5" end. while another clone. BVL-27
(1886 bp). extended at the 3 end. These clones
were subcloned jnto the pUCIY plasmid and
sequenced in their entirety on both strands { Fig 17,
The BVL-28 cDNA contained an 89-hp non-cading
msertyon.  Since the jnsertion was absent in the

BVL-27 ¢DNA and sinee the inuon consensus

sEqUEnces [gAG/GT éAGT of donor and ( E}”N

gAG/G of accepror] '*! are present at the 3" and §

ends of the insertion. respectively. this insertion is
likely an unspliced intron. The total length of 2
overlapped cDNA clones is 2077 bp. including 1843

bp for the coding tegion and 232 bp at the 3'-

noncoding region, leaving the 37 end open.
Northern blot revealed a 2.4-kb mRNA band
Total RNA was isolated from bovine heart and poly-
A RNA was isolated by affinity chromatography.
A cDNA insert of BVL-27 (1886 bp) was used as a
The Northeen blot ( Fig 3)
showed a clear. single band at ~2.4 kb,
Obtaining and amplifying 5 end of ¢cDNA
The obtained cDNA, in comparison with the 2.4-kb
mRNA band, appeared 1o lack — 300 bp at the 5'-

We applied the standard RACE
1)

hybridizatwon probe.

end region.
method of PCR amplification """ to obtain a single
cDNA fragment { BVLLP) of ~ 0.4 kh. This
feagnient was confivmed by hybridization o be a
pari  of the BHVLCAD {data not shown),
subcloned mto 2 TA-cloning vector. and sequenced.
The additional sequence (126 bp) revealed an in-
frame ATG translation initiation codon.  The
flanking sequences G{ ~3) and C{ + 4} of ATG are
consistent with Kozak's consensus sequence fur a
Eukarvotlc transcription initation site - !

Nucleotide sequence of BHVLCAD  Combin-
ing BVLLP, BVL-28, and BVL-27. we obtained a
cDNA fragment with a tortal length of 2203
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'ITGGBG:I.T_T_-ECP-GGCGGCGCGGATGB.CCGCG.KGCTTGG-GCCGTECTCTGCTGBGGCTGCGGGGCGTMGCTCG 12
1 M ¢ A AR M T A S L GRTULTU LU RIULURGWV S 5
TGGCCCGETGAGCTCTTGGGGCAG CCCCGGCCCGECCCTECCCCGOGACCCTATGCCAGTGGEG TCGOCCAG 144
23 W P G EL L G P R P G P A P R P Y[AlS 6 V a 0
GCGGCTGTGGACCAGTCTGATICCCAGCCTT CTGAGGCTTCGACCAGGGARRRACGGGCCARCTCGGTATCT 216
47 _A a Vv D Q@ S D 5 ¢Q P 5 E A 5 T REU KU R AUNS V 5
ARGTCCTTTGCIGTGGGCACG TTCARGGGCCAGCTCACCACCGAT CAGGTGTTTCCATACCCGTCTGTGCTC 288
71 K s F AV 6T F K GG QL TTUD GGV F P Y P 5 V L
ARCGAGGACCRARCACAGTTTCT CARAGAGCTGGTGGGGCCCGTGACCCGATTCTTTGAGGAGGTGAACGAT 360
95 N E D g T F L K BE L vV G P VvV T R_F F E E ¥ N D
GCTGCCAAGARTGACATGCTGGAARGAGTGEAGCAGACCACCATGCARGG TCTCARGGAG TTGGGGGCCTTT 432
113 _A p K N D M L E R ¥V E E T T M G L X E L _G_Aa F_
GGTCTGCMGT&CCCMTGMCTGGGTGGCGTGGGCCTCTGCABC.RCCCAGTBTGCCPGHTTGGTGGAGH‘IC 504
143 6 L ©0 ¥ P N E L &6 6 V g L ¢ N T ¢ ¥ A RL V E I
GTGGGCATGTATGRCCTIGGCG TGGGCATCG T CoTGGGAGCCCATCAGAGCATCGGTTTCARAGGCATCCTG 576
167 ¥ 6 M Y D L G VvV 6 I VvV L 6 A H @ §5 I ¢ F K 6 I L
CTCTTICGGCACAARGG CCCAGARAGARAAATATCTCCCCAMAC TS GCATCTGGG GABACTATAGCTGCTTTC 648
191 L F 6 T K A ¢ K E K ¥ L P K L A 8 6 E T I &2 A F
TGTCTAACGGAGCCCTCCAGTGGATCAGATG CAGCCTCCATCCGATCCTCAGCTGTGCCCAGCCCETGTGGA 720
21 ¢ L T E P 5 S 6 5 D A A S I R 8§ 5 A VvV P S P C G
AAATACTATACCCTCARCGGAAGCAAGATTITCGATCAGTARCSGGGECCTGG CAGACATCTTCACGGTOTTT 792
239 K Y Y T _L_N G S K T W I 5 N GG G L 3 D I F T V F
GCCARGACACCEGTTACAGACACAGCTACGGGLGCTGTGAAGGAGARGATCACAGCTITIG TGS TGGAGAGG 864
263 A K T P ¥V T D T A T 6 A ¥V K E K I T &4 F ¥V ¥ E R
AGCTTTGGCGGCGTCACCCATGGGCCCCCTGAGARGARGATGGECATCAARGCCTCARRCACAGCAGAGETS 936
287 5 F 6 G ¥V T H 6 P P E K K M 6 I K A 5 N T A GE V
TACTTTGACGGAG TACGGR TGCCAGCAGAGARCC TACTGGGGGAGE TAGEGGGCGECTTCAAGGTCGCCATG 1008
311 Y F D 6 ¥V R V P M E M ¥V L. G E ¥ 6 G © F K V A M-
CATATTCTCARCARTGGARGETTTGGCATGGC TS CAGCTCTGGCAGGCACCATGAARGGCATCATTGCTAAG 1080
335 H I L N H 6 R F G M A A AL A G T M K G I I A K
GOGGTGGATCATGCTG CTAACCGTACCCAGTTTGGCCACAAAATTCACARC T TTGGGCTGATCCAGGAGAAG 1152
39 A VvV D H A R N R T F ¢ E X I B " F G L 1 E X
CTGGCCCGGATEGCTATGCTG CAGTATGTGACTGAGT CCATGGCS TACATGGTGAGTGCCARCATGGACCAG 1224
383 L A R M A M L @ ¥ V T E 8 M A ¥ M V 5 A N M D @
GGATCCACGGACTTCCAGRTAGAGGCCGCCATCAGCARRRTCTTTGGCTCGG AGG CAGCCTGGARAGTGACA 1296
407 6 3 T D F @ 1 E A A 1 S ¥ I FP G 5 E A B W K Vv T
GATGAGTGCATCCAAATCRATGGGGGECATGGE CTTCATSARGGAGCCTGGGG TAGAGCS TGTGCTCCGAGAT 1368
431DECIQIHGGHGFHKEPG_VEHVLHD
CTTCGCATCTTICCGGATCTTCGAGGGGACAAATGACATTICTCCGGCTETTTS TGS CTCTGCAGEGCTGCATG 1440
455 L R I F R I F E G T N D 1 L R L F ¥V A L G C M
GACAAAGGARAGSAACTCTCTGGGCTTGGCAATGCT CTAAAGAACCCTTTTGCEGAATGCTGCCCTCCTGCTA 1512
479 D K 6 K E L 8 ¢6 L ¢ N a L K N P F G N A G L L L
GGAGRGGCAGGCARACAGCTGAGGCGECGGE CAGGECTEOGCAGTGGCCTGAGTCTCAGTCSCATCSTCCRS 1584
503 & E A G Kk L R R RAGLG S G L 5 L 5 66 I VvV H
CAGGARCTGAGTCCRAGTGG TGAG CTGGCGGTGCAGGC TCTGGAGCAGTTTGCCACCS TGGTGGAGGCCARG 1656
527 @ BE L s R 5 G E L A VYV Q@ AL EQFP P ATV UV EBRK
CIGATAAAGCACAAGARGGATATCATCAATGAACAGTTTCTGCTGCAGCGTCTGGCGGACAGTGCCATTGAC 1728
551 L I E H X K p I I N E @ F L L @ R L A D S A I D
CTCTATGCCATGS TG GIGCTTCTGTCCAGGGCCTCAAGATCCCTGASTGARGGCCACCCCACAGCCCAGCAT 1800
575LYHHVVVLSRRSRSLSEGHPTHQH
GAGAAAATGCTCTS TGACAGCTGG TG TAT CGRGGCTGCAGCCOGGATCCGGEAGRACRTGACTGCTCTGCAG 1872
599EKHLCDSWGIEAAARIHE"NHTRLQ
TCTGACCCCCAG CAGCAGGAGCTCT TTCGTAACT TCAAARGCA TCTCCANGECGCTGGTGGAGCGGGECGGC 1944
621 s D P ¢ ¢ E L F R N F K 5 1 5 E AL YV E R G G
GTGGTCACCAGCARTCCCCTTGGTTTCI G o TACTCTCAATTACAGCCTGGCCCARARTGTGCCTTITETCA 2016
64T Vv Vv T 5 N P L G F »
AGCCAAAGLCCAGACCCCTT TCCTGCCCATCCTIGGTT CTACCTTGARGGGGGCCCCGCCCATGACTGTGCCT 2088
GCTCTCAGAGGRAGCACTTARCTGCCTCA TITCTRACARGTCARRAARMNAAAARDARRRANAAR 2160
ARBRARRRARD AR AARRRAAAANR AR EAAARADRARRAARAA 2203
Fig 2. Nucleotide and deduced amino-acid sequence of the BUHVLCAD ¢cDNA.  The numbering of aminn acids staris at the Jst

residue of the coding sequence. The initiation codun . the .1st amine acid residue of the matnre BHVLCAD. termination codon .
and a possible polyadenylating signal in the 3 -untrunslated reginn are boxed. The start Met, Ala at N-terminus uf 1he mature

protein, and the pulyadenylation signmal are in bold.
microseguences are nnderlined.

Fig 2 shows the nucleotide sequence of
BHVLCAD along with the deduved amin, acid
The weal length is comparable 1w che
mRNA (- 2 4 kbl as

determined by n Northern blin. The difference of

nuclectides.

SCHHenCe

abse rved ]L'm{th wf o the

The amino acid sequences matching those oblained From the

~ 0.2 kb mught be the measurement ermor or sonte
Thus,

cDNA sequence (2203 nt) includes 6 nt beyond the

missing noncoding  region. the complete
wrntiaton cedon, an encoding region of 1965 ar. and

a noncoding region of 232 m at the 3" end. The
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Fig 3. Northern blot analysis of BYLCAD in buvine heart.
A [¥ Pllabeled BHVLCAD c¢DNA fragment of BYL-7 was
hybridized with 5 pg bovine heart poly-A RNA. A stngle
transcript of about 2400 nucleatides was detected. RNA
sized markers (kbp) are indicated on the right.

potvadenylation signal ( AATAAA ) is located at
positian 2120, and a poly (A} tail iz found 15 ut
downstream {rom this signal. '

Validation and amino-acid sequence The
microsequences of the N-terminal and 3 internal-
peptide [ragments from the purified BHVLCAD
match exacily the deduced peptide sequences
underlined in Fig 2 ( Ala™-Ser-Gly-Val- Q-Ala-Ala-
Val, Phe''*-Phe-Glu-Glo-Val- Asn- Asp- Ala- Ala-Lys,
Gly'*-Ala-Phe-Gly-Lys-Gin-Val,  Lys™*-Asn-Gly-
Ser-Lys-He-Trp-lle}, confirming that the ¢DNA
clones were authentic.  Thus, Ala-4l 15 the N
terminus of the mature protein, and the [irst 40
residues [rom Met-1 to Tyr-H} constitate the leading
sequence, The calculared molecular mass of the
mature BHVLCAD, the leader peptide moiety, and
total length were 66 {91 Da, 4346 Da, and
70 537 Da. respectively.

Sequence analysis  The calculated hall tife {see
ntanu} of mature BHVLCAD is 4.4 h according w
the N-terminal rule. and the instability index is
35.88Y"%1 . Hence it 1= classified as a stable protein,
which is consistent with the observation of a stable
over-expression for RLVLCAD'

VLCAD is a nutechundrial inner membrane
protemn based  on the

detergent  extraction

_ [ .
cxperiments't’ . Howewer, how  the protein s

associitted with the membrane <till remans unclear,
The protem enn be extracted [rom the membranc
cmby with a detergent like 1 " Triton X-100 hut e
with alkaline extraction in our tsb {unpublished
datat,  The later ¢ commonly used 1o remuove
penipheral protein [ronr the mendbrane. This
Hydre-
pithy anatvsis wsinge Kyvte and Doolittle’s method
This =

consistent with another analysis using the method of

chservation suggests a tghter association.
revealed significant hydrophobic regons.

Rau and Argos, revealing 2 porential transmembrane

helices located at 166 — 182 and 342 - 357 (Fig 4).

Buried helix parameter
L=l = = - = -
P L S S S

a
[

I 4

2

n Ll an oy ALRF 500 [T E ]
Alnino acid number

Fig 4. Plot of the smoothed buried helix profile Far amina
acid seqnence BHVLCAD obtained by the Rac and Argos’
method. Two potential transmembrane domains (166 — 182
and 342 ~ 357) are marked.

These regions correspond to those found in VLCADs
[rom rat biver { RLVLCAD)} and human placenta
{HPVLCAD) at the sanie domain. But no such
domains were [ound in LCAD. MCAD, or SCAD
which are mitochondrial marrix protemns.  There is
tow homology n these corresponding  regions
between VLCAD and other AD (Fig 3 ol relerence
2}. This [inding is at variance with the proposal by
Acvama et af that VLCAD is a membrane-binding
protein'® . However, these 2 potential  trans-
membrane domaing predicted by computer analyses
are probably not suflicient to prove that it is an
integral membrane protein.  Further studies are
necded to establish whether these regions function as
hydrophobic cores of the enzyme, hydrophobic
anchors in the mitachondrial inner membrane, or
even transmentbrane domains.  The signal peptide

[rapment is tocated from Met-1 to Tyr-40 and is
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consistent with the features of a mitochondrial signal
peptide sequence: {1} the sequence is 15— 70 amino
acids long and rich in basic, hydrophobic. and
hvdroxvlated residues with a {ew acidic residues
{one in the case of BHVLCAD); {2) the N-
terminal portion has the potential to Jform a
positively-charged amphiphilic o helix; and {3) the
(-terminal portion contains a proteolytic site. In
case of BHVLCAD, the C-terminal portion of the
leading peptide contains the R{-3) motil R-x-Y-A
which serves as a cleavage site.

Sequence

comparison  of

comparisons In an overall

VLCAD
sequences from bovine heart, human placenta, and
rat liver {Fig 5), there is 81.8 % identity and
15.4 % similarity.
seen in the signal peptide. But there are striking

differences between VLCAD and other AD in signal
(5]

including the signal

The smaller diversity is mainly

peptides, such as their lengths and cleavage sites
This may be one of the structural bases by which
VLCAD are led to
membrane and other AD to the mitochondrial

the mitochondrial inner
matrix.

Comparison of the main bodies { from N-
terminus Ala-41 to Ser-485) of three VLCAD
showed an 82.5 % identity and 14.4 % similarity
(Fig 4): consistent with them being isoenzymes.
The consensus sequence of the AD signature [I
[PC/GENE Sequence Analysis Software Manual,
Version 6.85 {1995) Appendix for Release 6.8, p
25, IntelliGenetics, Mountain View CA] was found
in all three VLCAD. The catalvtic site Glu-462
{arrow 5 in Fig 5). proposed by Kim and Wu, is
highly conservative in all AD family members.
Four other sites interacting with the flavin ring —
Cys-215, Thr-217. Trp-249, and Ser-251 (arrows
1.2.3.4 in Fig 4} — are all highly conscrvative
among the three VLCAD. A comparison with
MCAD shows that Thr-217 and Trp-249 are highly
conservative, Ser-251 is analogous to other family
members, and Cys-215 is diversified among the
family members.

Although some key amino-acid residues are
highly conservative, the VLCAD share anly 20 — 30
% amilarity, including identity with other family
This is a notable finding
considering that the substrates that these emzymes

members of . AD.

catalize differ only in the lengths of carbon chains.
The diversity in the primary sequence may imply a
significant difference in the three-dimensional
structure of VLCAD Irom other shorter chain AD.
The C-terminus region [~ 22 — 25 kDa) of
VLCAD constitutes an extra peptide sequence.
which has been propesed to be a modulator with
substrate specificity, a catalytic activator, or an
association site for homodimer formation'®”. We
note that a pseudo-consensus sequence of the leucine
zipper exits in the region from Leu-568 to Leu-589.
Whereas this fragment is consistent with the leucine
zipper pattern of L-{ X)g-L-(X)g-L-{ X} L%, only
of leucines {all into a predicted o-helix structure.
There is no evidence that VLCAD is a DNA-binding
it still
possible structural basis for the {ormation of a dimer

protein.  Nevertheless, may provide a

by zipping these leucines from the a-helixes of two
VLCAD monomers.
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Fig5. Amiac-acid sequeaces of BHVLCAD, RLVLCAD, and HPVLCAD,
coaservative substitutions with a siogle dot. The N terminos is showa ia bold letters. Arrows I - 5 are described in the text.
The coasensus sequeaces of AD signature 2 are boxed, The sequeace data of RLVLCAD and HPYLCAD were taken from Ref 5

and 3. respectively.

MOARRMTASLGRTLLRLRGVSSWPGELLGOPRPGPAPRPYASGVAQAAVDQSDSQ
MOARRMAASLGROLLRLGGGSSRLTALLGQPRPGPARRPYAGGAAQLALDKSDSH
MOSARMTPSVGRQLLRLGARSSRSAALQOGQPRPTSAQRLYASEATQAVLEKPETL

Wk kR ok kw Rwkk | kk ok wwRwR ok ok kk kL
PSEASTREKRANSVSKSFAVGTFKGQLTTDQVFPYPSVLNEDQTQFLKELVGPVT
PSDALTRKKPAKAESKSFAVGHMFKGQLTTDOVFPYPSVLNEEQTQFLKELVEPVS
SSDASTREKPARARESKSFAVGMFRGQLTTDQVFPYPSVLNEGQTQFLKELVGPVA

SR kR Rk, kkkk kKRR Rk kwhkkwhwWR Ak kwwkwhkk AWk kNkRRk  kk

RFFEEVNDAAKNDMLERVEETTMQOG LKELGAFGLQVPNELGGVGLCNTQYARLVE
RFFEEVNDPAKNDALEMVEETTWOGLKELGAFGLOVESELGGVGLONTQYARLVE
RFFEEVNDPAKNDS LEKVEEDTLOGLKELGAFGLOVPSELGGLGLSNTOYARLAE
***t****.***t t*-*t*.t t*t**t*w*t*t**.**t*.ti_**t**t*_*
113
IVGMYDLGVGIVLGAHQS IGFKGILLFGTKAQKEKYLPKLASGE TIAAFCLTEPS
IVGMHDLGVGITLGAHOS IGFKGILLFGTKAOKEKY LFKLASGETVAAFCLTERS
IVGHHDLGVSVTLGAHQSIGFKGILLYGTKAQKEKYLPRVASGQALAAFCLTERS
o % %k %k *t**__ tl***t*tw**t*t.t***tt*****..**t...**tt*t*t*
) ’ 13
SGSDAASIRSSAVESPCGKYYTLNGSKIWISNGGLADIFTVFAKTPVTIDTATGAV
SGSDAASIRTSAVRSPCGKYYTLHGSKLWISNGGLADIFTVFAKTPVTDPATGAV
SGSDVASIRSSAVPS PCCKYYTLNGSKIWISNGGLADIFTVFAKTPIKDAATGAV

Whdwk  khkkk Kwwokwkokkwokkokwkkkk kkwohkkkkmokkwkkkwkkk ok wkkwak

KEKITAFVVERSFGGVTHGPPEKKMGIKASHTAEVY FDGVRVPAENVLGEVGGGE
KEKITAFVVERGFGGITHGPPEKKMGIFKASNTAEVFFDGVRVPSERVLGEVGSGE
KEKITAFVVERSFGGVTHGLPEKKMGIKASNTSEVYFDGVKVPAENVLGEVGDGE

*tt‘***‘*‘*-***_*** ***t*t*t***t_**.t**t-**-t****t**_t*

KVAMAILNNGRFGMARAALAGTMKG IIAKAVDHAANRTQFGEKIHNFGLIQEKLAR
KVAMATILRNGRFGMARALAGTMRGI IAXAVDHATNRTQFGEKIANFGLIQEKLAR
KVAVNILNNGRFGMARTLAGTMKAIIAKAVDHATNRTQFGODKIHNFGVIQEKLAR

*wk *t******l‘*t.tt***. .***t*t***.**t*t*.*t****_ vk ko ok ok

MAMLOYVTESMAYMVSANMDOGSTDFQIEARISKIFGSEARWKVTDECIDINGGH
HVMLOYVTESHMAYMVSANMDOGATDFQIERAAISKIFGSEAAWKVIDECTIQIMGGH
MRILOQYVTESMAYMLSANMDOGFKDFQIEAAISKIFGSEARWKVTDECIQIMGGM
* .**t*t***t**_ Fhkrkdkkdr  Hrxkrwdkk Rk Ak ok kA kT AW AW RN
45
GFMEEPGVERVLRDLRIFRIFEGTHNDILRLFVALQGCMDKGKELSGLGNALKNPF
GFMKEPGVERVLRDLRIFRIFEGTNDILRLFVALQGCHDKGKELSGLGSALKNPF
GFHHE?GVERVLRdIRIFRIFEGTNDILRLFVALQGCHDKGKELTGLGNALKNPL

***R**t******w.t***********t***t.******t*****'***_ *****'

GNAGLLLGEAGKQLRRRAGLGSGLSELSGIVHQELSRSGELAVOALEQFATVVEAK
GRAGLLLGEACGKQLRRRAGLGSGLSLSGLVHPELSRSGELAVRALEQFATVVEARK
GNVGLLIGEASKQLRRRTGIGSGLSLSGIVHPELSRSGELAVQALEQFATVVEAK

**_***'t**_******'*.**t****t-**_*****t**tt.*ttt**tt****

LIKSKKDIINEQFLLORLADSAIDLY AMVVVLSRASRSLSEGHPTRAQHEKMLCDS
LIKSKKGIVNEQFLLORLADGAIDLY AMVVVLSRASRSLSEGHPTAQHEKMLCDT
LMKHKKGIVNEQFLLORLADGRIDLY AMVVVLSRASRSLSEGYPTAQHEKMLCDS

t.*tt*'*. ********tt*.t***tt***t*t**ttit***-*****t*****_

WCIEARARRIRENMTALQSDPQQQOELFRNFKS ISKALVERGGVVTSNPLGF 655
WCIEARARRIREGMAALOSDPHOOELYRNFEKSISKALVERGGVVTSNPLGF 655
WCIEAATRIRENMASLQSNPQQOQELFRRFRSISKAMVENGGLVTSNELRY 655

dode ook gk ****'*. R S A A L S LA R L

55
55

110
110
110

185
165
165

220
220
220

275
275
275

330
330
330

385
385
385

440
440
440

495
495
495

550
550
550

605
605
605

Ideatical residoes are indicated with stars and
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