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Summary: Complementary DNA for human cytosolic acetoacetyl-CoA thiolase (CT) was cloned
with the use of anti-[human CT] antibody. The human CT ¢DNA clone (HCT10) has a 1479-bp
insert and a 1191-base open reading frame encoding 397 amino acid residues. Partial polypeptide
sequences from purified human CT were present in the deduced sequence. In vivo expression
analysis showed that HCT10 encoded potassium-ion non-activated acetoacetyl-CoA thiolase with
no 3-ketooctanoyl-CoA thiolase activity, which is characteristic for CT. The deduced amino acid
sequence has a 34-57 % homology with 4 other human thiolases and 4 acetoacetyl-CoA thiolases
of microorganisms. ¢ 1994 academic press, Inc.

Cytosolic acetoacetyl-CoA thiolase (EC.2.3.1.9) (CT) is one of five thiolases present in
mammalian cells (1-3). CT was purified from chicken liver in 1973 (4) and from rat liver in 1974
(5). Rat CT is homotetramer of the 44 kD subunit. Rat CT activity is rich in brain, liver, and
adrenals but poor in heart and muscle, hence, is likely to be involved in the pathway of steroid
biosynthesis, catalyzing the synthesis of cytoplasmic acetoacetyl-CoA for substrate conversion

into 3-hydroxy-3-methylglutaryl-CoA (5).

* To whom correspondence should be addressed.

Abbreviations used in this paper: CT, cytosolic acetoacetyl-CoA thiolasc; T1, mitochondrial 3-
ketoacyl-CoA thiolase; T2, mitochondrial acetoacetyl-CoA thiolase; PT, peroxisomal 3-ketoacyl-
CoA thiolase; TFP, mitochondrial trifunctional protein; Tcp-1, t-complex polypeptide-1.
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Another acetoacetyl-CoA specific thiolase (T2) is present in mitochondria and plays roles in
ketone body and isoleucine catabolism. T2 deficiency, known as £ -ketothiolase deficiency, is an
inherited organic aciduria which is well-defined at clinical and molecular levels (6-15). The other 3
thiolases, i.e. mitochondrial 3-ketoacyl-CoA thiolase (T'1), mitochondrial enoyl-CoA hydratase/3-
hydroxyacyl-CoA dehydrogenasc/3-ketoacyl-CoA thiolasc trifunctional protein (TFP) and
peroxisomal 3-ketoacyl-CoA thiolase (PT), have substrate specificity for the longer 3-ketoacyl-
CoA and play roles in fatty acid S -oxidation in mitochondria or peroxisomes (1-3). Deficiencics
of the thiolases, except for T1, have been reported (16-18) and human cDNAs for these thiolascs
except for CT have been cloned (10, 19-21).

Descriptions of a few patients with CT deficiency have been reported (16, 22). Severe mental
retardation and hypotonus are characteristic but clinical symptoms and laboratory findings
including urinary organic acids arc not so specific. The enzymatic confirmation of CT deficiency is
difficult using fibroblasts because activitics of T2 and T1 interfere with the CT assay. It seems
important to clarify the molecular basis of CT deficiency to clucidate the role of CT in mammalian
cclls. Immunochemical and DNA analysis may facilitate an accurate diagnosis of CT deficiency.
We have found no report of development of a CT antibody or of molecular cloning of mammalian
CT cDNA.

We cloned the human hepatic CT cDNA and usc was made of an anti-fhuman CT] antibody

which we developed.

MATERIALS AND METHODS

Development of anti-fhuman CT] antibody. We earlier purified CT from a human autopsied liver
(8). using the same method as for rat liver, as described by Middleton (3). 0.2 mg of the purified
enzyme was emulsified with Freund's complete adjuvant, and injected into the axillary regions of a
rabbit. A booster of the same dosc was given twice and blood samples were collected two wecks
after the last booster injection. The antibody was partially purified by fractionation with
ammonium sulfate and dialyzed against 0.15M NaCl containing 10 mM potassium phosphate, pH
7.5. Immunoblot analysis was done using the ProtoBlot AP systcm (Promega).

Amino acid sequencing. The purified CT was partially digested with several protcascs.
Polypeptide fragments were separated in SDS-PAGE and transferred to a PYDF membrane.
Amino acid sequence analysis was made on an Applied Biosystem Model 477A pulsed liquid-
phasc sequencer and an on-line Model 120A phenylthiohydantoin analyzer with a regular cycle
program and chemicals from the manufacturer.

¢DNA library screening and sequencing. A human hepatic A gt 11 cDNA library (Clontech) was
screencd using the anti-[human CTJantibody. Further screening was donc by the plaque
hybridization method using a labelled fragment from a positive clone (HCT 16). Fragments were
subcloned into pTZ 18U (U.S. Biochemicals) and sequenced by the dideoxy-chain termination
method with a modified T7 DNA polymerase (U.S. Biochemicals).

Computer analysis. Homology searches in SWISS-PROT protein data base, multiple sequence
alignment and calculation of molecular mass werc done using DNASIS Mac (Hitachi Software
Engineering). Sequence alignment was modified slightly, by eye.

In vivo expression analysis. Full-length cDNA was subcloned into an expression vector,
pCAGGS (23). T2 and CT cDNAs were transfected into SV40-transformed fibroblasts of GK03
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(T2 deficient cell lines) as described (14), except for the use of Lipofection (Gibco BRL) instcad
of TransfectAce.

RESULTS AND DISCUSSION

Development of anti-fhuman CT[antiscrum. With three injections of the purified enzyme into a
rabbit, the anti-{human CT] antibody was acquired. In immunoblot analysis, it recognized human
CT in 30 g g of fibroblast extracts and 10 ng purified CT although it cross-reacted faintly with T2
(data not shown). For antibody screening of CT cDNA, we used it with no further purification.

Isolation and characterization of human CT ¢cDNA. Only one positive clone (HCT 16) was
obtained from 1.6x107 plaques of a human liver cDNA library by screening with the antibody.

HCT 8 included an insert of about 800-bp. Multiple sequence alignment of the deduced amino
acid sequence encoded in HCT16 with those of 4 other human thiolases (10, 19-21) revealed that
the deduced sequence shared high homology but was not identical with the carboxy-terminal
amino acid sequences of the other thiolases. We hence regarded HCT16 as CT ¢cDNA. 2.0 x
10° clones of the same library were screened with HCT 16 as a probe, and HCT 8 and HCT 10

were obtained. The HCT 10 insert was 1479-bp long and included a 1191-bp open reading frame
encoding 397 amino acids (Fig. 1). Amino acid sequences determined from the purified enzyme
were identified in the deduced sequence (Fig. 1, underlined sequences). Molecular mass of the
deduced amino acid sequence was calculated to be 41293.44, a value in accord with that estimated
by SDS-PAGE (data not shown). Alignment of the amino acid scquence with other thiolases

1

showed that Met® in HCT 10 was located at a reasonable position as the initiator methionine (Fig.

2). HCT 8 had a truncated 3' non-coding region which may be produced with the use of an
alternative polyadenylation signal at position 1257-1263 (Fig.1. boxed).

In vivo expression of ¢cDNA. Table I shows the results of in vivo expression analysis. To reduce
the intrinsic acetoacetyl-CoA thiolase activity, SV40-transformed T2 deficient cell lines were used,
as described(14). When human T2 cDNA was transfected, acetoacetyl-CoA thiolase activity in the
absence of potassium ion was elevated 1.6 fold over the intrinsic activity and the activity in the
presence of the ion was 6.7 times higher than that in the absence of the ion, a characteristic feature
of T2(1). On the other hand, in transfection of CT ¢cDNA (HCT 10), acetoacetyl-CoA thiolase
activity was elevated about 60 fold over the intrinsic activity, in both the presence and absence of
the ion. Moreover, there was no clevation in 3-ketooctanoyl-CoA thiolase activity. These results
show that HCT 10 is the cDNA for human CT and encodes a full-length CT polypeptide.

Amino acid sequence homology. Figure 2 shows amino acid sequence alignment of human CT
with 4 other human thiolases (HT2, HT1, HTFP, and HPT), one Saccharomyces acetoacetyl-
CoA thiolase, ST (24), and three bacterial acetoacetyl-CoA thiolases, ZT (25), AET (26), ET (27).
The CT sequence showed the closest homology (57 %) to both ZT and AET, although a 34-57 %

homology among these thiolases was observed.
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-31 -2 -1 -1
GGEGCAG CGCAGGECAG ACGGCGGCAG GAGAAGCAAG
9 18 27 36 45 54 63 72 81

ATG AAT GCA GEC TCA GAT CCT 676 GTC ATC GTC TCG BC6 6CG CGG ACC ATG ATA GGT TCC TTC AAT 6GT GCC TTA GCT GCT
Met Asn Ala Gly Ser Asp Pro Val Val lie Vai Ser Ala Ala Arqg Thr Ile lle Gly Ser Phe Asn Gly Ala Leu Ala Ala

80 99 108 n7 126 135 144 153 162
GTT CCT GTC CAG GAC CTG G6C TCC ACT 6TC ATC AAA GAA GTC TTG AAG AGE GCC ACT GT6 6CT CCG GAA GAT GTG TCT GAG
Val Pro Val 61n Asp teu &1y Ser Thr Val lle Lys Glu Va) Leu Lys Arq Aia Thr Val! Ala Pro 6iu Asp Val Ser Glu

m 180 189 198 207 216 225 234 243
GTC ATC TTT GGA CAT GTC YTG GCA GCA GGC TGT GGG CAG AAT CCT GTT AGA CAA 6CC AGT 6TG GGT GCA G6GA ATT CCC TAC
Val tle Phe 6ly His Val Leu Ala Ala Giy Cys Gy GIn Asn Pro Val Arg GIn Ala Ser Val Gly Ala Gly lle Pro Tyr

252 261 270 279 288 297 306 35 324
TCT TT CCA GCA T66 AGC TGC CAG ATG ATC TGY GGG TCA GGC CTA AAA GCT 6T6 TGC CTT GCA GTC CAG TCA ATA GGG ATA
Ser Val Pro Ala Trp Ser Cys Gin Met [ie Cys Gly Ser Gly teu Lys Ala Val Cys Leu Ala Vai &in Ser lle Gly lle

KXk 342 351 360 369 378 387 396 405
GEA GAC TCC AGC ATT 676 &TT GCA GGA GGC ATG GAA AAT ATG AGC AAG G6CT CCT CAC TT& GCT TAC TTG AGA ACA GGA GTA
Gly Asp Ser Ser Ile Val Val Ala Gly Gly Met Glu Asn Met Ser Lys Ala Pro His Leu Ala Tyr Leu Arg Thr Gly Val

414 423 432 447 450 459 468 477 486
AAG ATA GG6T GAG ATG CCA CTE ACT GAC AT ATA CTC TBT 6AT 66T CTT ACA GAT GCA TTT CAC AAC TGT CAT ATG GGT ATT
Lys Ile Gly Glu Met Pro Leu Thr Asp Ser lle Leu Cys Asp 6y Leu Thr Asp Ala Phe His Asn Cys His Met Gly lle

455 504 513 522 531 540 549 558 567
ACA GCT GAA AAT GTA GCC ACA AAA TGG6 CAA GT6 AGT AGA GAA GAT CAG GAC AAG GTT GCA GTT CTG TCC CAG AAC AGG ACA
Thr Ala Glu Asn Val Ala Thr Lys Trp Gin Val Ser Arg &lu Asp Gin Asp Lys Val Ala Vai Leu Ser 6In Asn Arq Thr

576 585 594 603 612 621 630 639 648
GAG AAT GCA CA6 AAA GCT 66C CAT TTT GAC AAA GAG ATT GTA CCA GTT TTG GT6 TCA ACT AGA AAA GGT CTT ATT GAA GTT
Glu Asn Ala 6!n Lys Ala &1y His Phe Asp Lys Glu !le Va! Pro Val Leu Val Ser Thr Arg Lys Gly Leu lie Glu Val

657 666 675 684 693 702 m 720 729
AAA ACA GAT GAG TTT CCT CGC CAT 666G AGC AAC ATA GAA GCC ATG TCC AAG CTA AAG CCT TAC TTT CTT ACT GAT GGA ACG
Lys Thr Asp 6tu Phe Pro Arg His 61y Ser Asn lle Glu Ala Met Ser Lys Leu Lys Pro Tyr Phe Leu Thr Asp @ly Thr

738 747 756 765 774 783 792 801 810
G66A ACA 6TC ACC CCA GCC AAT GCT TCA GGA ATA AAT GAT GGT GCT G6CA GCT 6TT GCT CTT ATG AAG AAG TCA GAA GCT GAT
6ly Thr Val Thr Pro Ala Asn Ala Ser Glv {le Asn Asp Gly Ala Ala Ala Val Ala Leu Met Lys Lys Ser Glu Ala Asp

819 828 837 846 855 864 873 882 891
AAA CET GGG CTT ACA CCT TTA GCA C6G ATA &TT TCC TGG TCC CAA TG G&T 676 GAG CCT TCC ATT ATG GGA ATA GGA CCA
Lys Arq Giy Leu Thr Pro Leu Ala Arq Ile Val Ser Trp Ser Gin Val Gly Val Glu Pro Ser !le Met Gly ile Gly Pro

900 909 918 927 936 945 954 963 972
ATT CCA 6CC ATA AAG CAA GCT GTT ACA AAA GCA GGT TGG TCA CTG GAA GAT 6TT GAC ATA TTT GAA ATC AAT GAA &CC TTT
Ile Pro Ala lle Lys 6in Ala Val Thr Lys Ala G6ly Trp Ser Leu 6lu Asp Val Asp Ile Phe Giu lle Asn Giu Ala Phe

981 930 999 1008 1017 1026 1035 1044 1053
GCA GCT GTC TCT &CT 6CA ATA GTT AAA GAA CTT GGA TTA AAC CCA GAG AAG GTC AAT ATT GAA GGA GGG GCT ATA GCC TTG
Ala Ala Val Ser Ala Ala lls Val Lys 6lu Leu 6y Leu Asn Pro 6lu Lys Val Asn {le Glu Giy Bly Ala lie Ala Leu

1062 1071 1080 1088 1098 1107 e 1125 1134
GGC CAC CCT CTT 66A 6CA TCT G66C TGT CGA ATT CYT GT6 ACC CY& TTA CAC ACA CTG GAG AGA ATG GGC ABA AGT CGT GGT
Gly His Pro Leu Gly Ala Ser 6ly Cys Arq Ile Leu Val Thr Leu Leu His Thr Leu Glu Arg Mat Bly Arg Ser Arg Gly

1143 1152 1161 1170 178 1188 1194 1200 1210 1220

GTT GCA 6CC CTG TGC ATT 666 66T GGG ATG GGA ATA GCA ATG TGT GVT CAG AGA GAA TGA CAATGT GTGTTCAGAG AGAATGAAT
Val Ala Ala Leu Cys lte fly Gly Gly Met Gly [le Ala Wet Cys Val GIn Arg Glu ok

1230 1240 1250 1260 1270 1280 1290 1290 1300
TGCTTAAACT TTGAACAACC TCAATTTCTT TTTAAACﬂEZi:j:EGTACTA GGTTGCAATA TGTGAAATCA GAGGACCAAA GTACAGATGG

1310 1320 1330 1340 1350 1360 1370 1380 1390
AAACCATTTC CTACATCACA AAAACCCAAG TTTACAGCTT GTACTTTACT TTAATGTGTA ATACTCAACT CACGGTACAA GACAATTGCA

1400 1410 1420 1430

TTTAACATTG TTATARATAA NAGGAACATC AGATCAATCA TTAAAAAAAAAAAA

Figure 1. Nucleotide sequence of human CT ¢cDNA with the deduced amino acid sequence.
Nucleotide sequence of HCT 10 is shown with the deduced amino acid sequence. The first residue
of the initiator ATG triplet is designated as nucleotide number 1. The termination codon is
indicated by ***. Boxed sequences, AATAAA, are the putative polyadenylation signals.
Underlined amino acid sequences are identical to those obtained from sequencing of purified
human CT.

481



Vol. 201, No. 1, 1994

HCT ( 1-

MTCP-1X (

HT2 (1= 71) e MAVLAALLRSGARSRSPLLRRLVQE | RYVERSYVSKPTLKEVV VSAT|
HT1 S T T 3 MRLLRGVFVVAA
HTFP ( 1- 83) MTILTYPFKNLPTASKWALRFSI|RPLSCSSQLRAAPAVATKTKKTLAKPN IRNVVVDG
HPT ( 1-88) teiirinniannnns MQRLQVVLGHLRGPADS GWMP QAAPCLSGAPQASAADVVVVHG
ST LG 3 MSQNVY IVST
AET LG 3 MTDVVIVSA
Al ( 1-34) .. . .MSTPSIVIAS,
ET LG 3 MEQVVIVDAI
HET ( 38-117) AAGCGQN-PVRQASVGAG I PYSVPAWSCOMIG
MICP-1X (1= 10) wivnriernvnrnenneneneehbbbocrraeneoreaaiiianiiniinan l
HT2 ( 72-151)  1QGAIE--KAGIPKEEVKEAY QGGEGQA-PTROAVLGAGLP ISTPCTTINK A
HT1 ( 37-117)  AKAALS--AGKVSPETVDSVI QSSSDAIYLARHVGLRVGIPKETPALT INRI G
HTFP ( 84-164) LTGLLH--RTSVPKEVVDY! | IOEKTSNVAREAALGGAGFSDKKTPAHTVTM<‘
HPT ( 69-148) MTAVLK--DVNLRPEQLGDIC QPGAGAI-MARIAQFLSDIPETVPLSTVNR;i
ST ( 35-116) LKGALAKVPELDASKDFDE! | SANLGQA-PARQVALTAGLGNH I VATTVNK! il
AET ( 34-113) IKAALE--RAGVKPEQVSEVI TAGSGAN-PARQAA { KAGLPAMVP AMT | NKVQ
27 ( 35-114) ISAVLE--RAGVAAGEVNEVI PAGEGQN - PARGAAMKAGYP QEATAWGMNQ E
ET ( 35-116) MRSLLARNPALEAAALDD | YW-| QTLEQGFN | ARNAALLAEVPHSVPAVTVNRLIG
HCT (118-183) ENRSKAP - == - == - =-m-m o oo HLAYLRTGVK | GEMPLTOS | LCDGLTOAFHNCI
MTCP-1X ( 11- 76) ROMSKPP- - - ~HLTHLRT GVRMCEVPLADSTLCDGLTDAFHNY
HT2 (152-216) ESMSNVP - - - ----YVMNRGSTPYGGVKLEDL | VKDGLTDVYNK
HT1 (118-184) ESMSQAP-----------o- - YCVRNVRFGTKLGSD | KLED-SLWVSLTDQHVAL
HTFP (165-247) ELMSDVP | RHSRKMRKLMLDLNKAKSMGQRLSL | SKFRFNFLAPELPAVSEFSTSE
HPT (149-204) EMS - - - m e LADRGNPGN | TSRLMEKEKARDCL |
ST (117-183) EPMTNAP -~ -~ - === — - = - YYMPAARGGAKFGQTVL | DGVERDGLNDAYDGL
AET (114-180) |ROENMSAAP--- - -HVLPGSRDGFRMGDAKLVD TMIVDGLWDVYNQY
bag (115-180) ESMSMAP - - - -HCAHLRGGVKMGDFKMI DTMIKDGLTDAFYGY
ET (117-170) EMM-- - e GHVPMSHGVDFHP GLSRNVAKAAG
HCT (184-216) i‘NRTENAOKAGHFDKEIVPVL--VSTRKG---LIEVK FPRHGSN I EAMSKLKP
MTCP-1X ( 77-154) i‘NRAETAOKAGHFDKEfVPVL--VSSRKG---LTEVKI FPRHGSNLEAMGTLKP
HT2 (217-293) i TRSKAAWEAGKFGNEV I PVT- -V-TVKG - QPDVVVKEDEEYKR-VDFSKVPKLKT
Wt (185-260) i!URWKAANDAGYFNDEMAPIE--VKTKKG---KQTMQ HARPGTTLEQLQKLPP
HTFP (248-319) -i‘SLAKKAODEGLLSDVVPFK--—VPGKDT ------ VTKDING | RP -SSLEQMAKLKP
HPT (205-285)  ASKUKAARAGSKGCFQAEIVPVTTTVHDDKGTKRS | TYTQDEG IRPSTTMEGLAKLKP
ST (184-261) iy 0KSQQSQKEGKFDNE | VPVT- - IKGFRGKPDTQ-VTNDEEPAR-LHVEKLKSART
AET (181-257) E'NKAEAADKAGKFDEEIVPVL--IPORKG-*DPVAFK FVRQGATLDSMSGLKP.
z7 {181-256) ASIUNKAEAAGKDGRFKDE(VPF |- -VKGRKG---D 1 TVDADEY | RHGATLDSMAKLRP
ET (171-248) ARAWAATQSAAFKNE! IPTG--GHDADG--VLKQFNYDEVIRPETTVEALATLRP
HCT (262-338) VLMKKSEADKRGLTPLARIVSWSQVGVEPS iNG- | g1 PRI KQAVTKAGWSL - EDVD { F|
MTCP-1X (155-231) VLMKKTEAERRMLKPLARIVSWSQAGVE] VMG-VggTsﬂIKOAVAKAGWSL-EDVDLF
HT2 (294-370) VLMTADAAKRLNVTPLARIVAFADAAVEPIDFP - | APNYRASMYLKDVGLKK-ED | Al
HT1 (261-337) 1 |ASEDAVKKHNFTPLARIVGYFVSGCOPIS IMG- | GPIVPINI SGALKKAGLSL - KDMDL
HTFP (320-401) LIMAEEKALAMGYKPKAYLRDFMYVSQDPKDQLLLGPTYATPKVLEKAGLTM-ND | DAF|
HPT (286-362) LLARRSKAEELGLP|LGVLRSYAVVGVPPD IMG- | GPIAYII PVALOKAGLTV-SDVO I F|
ST (262-339)  ILVSERVLKEKNLKPLA|VKGWGEAARLPIADF T -WAPISUAVPKALKHAG | ED | NSVDYF|
AET (258-334) VVMSAAKAKELGLTPLAT I KSYANAGVDPKVMG -MGPVPIASKRALSRAEWTP - QDLDLI
v (257-333) LLMSEAEASRRGIQPLGRIVSWATVGVDPKVMG - T6P|I PASRKALERAGWK | - GDLDL
ET (249-325) LVNSESRAHELGLKPRARVRSMAVVGCOPIS IMG-Y WSKLALKKAGLSA-SD | GVF|
HCT (339-397) Ri LVTLLHTLER-MGRSRGVAA
MTCP-1X (232-290) R LVTLLHTLER-VGGTRGVAA
HT2 (371-427) AR VGHLTHALKQ- - GE-YGLAS |
HT1 (338-397) [{| TAHLVHELRRRGGK- YAVGS
HTFP (402-476) R VMAAANRLRKEGGQ - YGLVA,
HPT (363-424) JARQV | TLLNELKRRGKRAYGVVS|
ST (340-398) RVVVTLLS { LQQEGGK - | GVAAI
AET (335-393) H| LVTLLHEMKRRDAK - KGLAS
7 (334-392) I LNTLLFEMKRRGAR-KGLAT
ET (326-388) R STTLLNLMERKDVQ-FGLAD
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STV
1G-SFLGSLSLLPATKLGSIA
PFG-AYGGLLKDFTATDLSEFA
PFFLLSGTSYKDLMPHDLARAA
ICRAGRGGFKDTTPDELK SAY
P1G-SFQGSLSSKTAVELIGAAA
VG-KFGGSLAKIPAPELIGAVY
VG-SFNGAFANTPAHELIGATV
PMGRSKGGAFRNVRAEDLISAHL

GLKAVCLAV@S|1GIGDSSIVVAG
............. KRRPVNSCLT

MKA { MMASQSLMCGHADVMVAG
FQSIVNGCQE | CVKEAEVVLCG

ANQAMTTGVGL | ASGQCOVIVAG
GLQAVASTAGGIRNGSYD I GMAC

KA! [ LGAQS | KCGNADVVVAG
LKAVMLAANA IMAGDAE | VVAG
LRAVALGMQQIATGDAS | IVAG
MQALHDAARMiMTGDAQACLVG

| TAENVAKKWQVS]
I TAENVAKKWQVS
SCAENTAKKLNI
MTAENLTVKHKIS
HSADRLAAAF AWS
I TSENVAERFG I S|
VHAEKCARDWD |
{ TAENVAKEYG |
TTAENVAKQWQL:
LTAEMLARMHG |

AVSAAIVKELGLN----
AVSAATAKELGLN----
LVVLANIKMLEID----
PQYLAVERSLDLD----
GQILANFKAMDSDWFAE
SQAAYCVEKLRLP -~~~
VVGLVNTKILKLD----
AQALAVHQQMGWD - - - -
AQACAVNKDLGWD----
AQILPCIKDLGLI -~~~

> > > > 3 > > P >

GMG | AMCVQRE.
GMGVAMCVQRG. .
GGASAML I QGKL.
GQGIAVII1QSTA,
QCGHAMIVEAYPK
GMGAAAVFEYPGN

Figurc 2. Alignment of the deduced amino acid sequence of human CT with those of other
thiolases. Abbreviations used are as follows: HCT, human cytosolic thiolase; MTCP-1X, mouse t
complex polypeptide-1X; HT2, human mitochondrial acetoacetyl-CoA thiolase; HT1, human
mitochondrial 3-ketoacyl-CoA thiolase; HTFP, human trifunctional protein; HPT, human
peroxisomal 3-ketoacyl-CoA thiolase; ST, acetoacetyl-CoA thiolase of Saccharomyces uvarum;
AET, acetoacetyl-CoA thiolase of Alcaligenes eutrophus; ZT, acetoacetyl-CoA thiolase of
Zoogloca ramigera;, ET, acetoacetyl-CoA thiolasce of Escherichia coli. Amino acid residues

conserved among all the thiolascs are boxed.
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Table I. Thiolase activities in cells transfected with T2 and CT cDNAs

Acetoacetyl-CoA 3-ketooctanoyl-CoA
Plasmids -K+ +K+ +K+/-K+
pCAGGS (-) 224+1.4 23.4+3.3 1.0 28
pCAGGS T2 36.5+9.3 246+ 86 6.7 35
pCAGGS CT 141090 1400+213 1.0 26

CT or T2 cDNA (4 y g) was transfected to SV40-transformed T2 null fibroblasts (GKO03) with
Lipofection reagent. The cells were collected and assayed 72 h after transfection. pCAGGS (-)
indicates a mock cDNA transfection. Activity is represented as nmol substrate change/min/mg
protein. -K+ and +K+ indicate acetoacetyl-CoA activity in the presence and absence of potassium
ion, respectively.

Thiolases form an acyl-S-enzyme intermediate during their catalytic reaction. Gehring cf al.
found that pig T2 formed the intermediate at a cysteine residue (28), which corresponds to
Cys126 in the human T2 sequence. The cysteine was conserved amnog the thiolases and Cys92
in CT occupies the position. Masamune ef al. pointed out that Cys378 in ZT is also the acitive site
involved in deprotonation in the reaction toward acctoacetyl-CoA formation (29,30). Indeed the
positon was also occupicd by the cysteine residue, in all the thiolases (Cys383 in human CT).
Molccular analysis of T2 deficiency showed that alternation of amino acid residues in the highly
conscrved carboxy-terminal region, 346-361 in CT, of which the sequence could be summarized
G-G-A-I/V-S/V-L/N-G-H-P-I/L-G-X-S/T-G-X-R resulted in instability of the thiolase protein (11,
15). The precise role of this region is unclear.

Homology search revealed that the mouse t-complex polypeptide-1 like sequence (Tcp-1x) has
a 78 % homology to human CT (Fig.2). This means that CT is the same polypeptide as Tcp-1x
or aprotein closely related to Tep-1x. Tep-1x cDNA was cloned by plaque hybridization with
mouse Tcp-1 ¢cDNA but it shared only a 140 bp homology (31). Tcp-1 is considered to be a
component of chaperonin for tublin and actin in the cytosol (32). Ashwarth (33) reported that
Tcp-1x sequence might be that of mouse CT, as deduced from findings of the high homology
with the thiolase family; the true Tep-1-like sequence was coded in the opposite strand of the Tep-
1x cDNA. He also found that the opposite strand of human Tcp-1 gene (34) encoded a homologue
sequence to the suspected CT sequence in the mouse. This thesis is correct since the nucleotide
sequence of the opposite strand of most of the 3' region in human Tcp-1 gene scquence (34)
matched perfectly with the 3' portion (330 bp) of the sense strand sequence of our cloned CT
cDNA. These genes overlap in the 3' portion, at opposite directions. It seems likely that the human
CT gene locates on chromosome 6q23-qter, because human Tep-1 was mapped to that region
(34). It must be emphasized that the suspected mouse CT cDNA apparently lacks the 5' portion of
the coding sequence and there is no support for the notion that it encodes mouse CT. Our cDNA

was cloned with the anti-[human CTJantibody and was confirmed to be the cDNA for cytosolic
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thiolase, based on identification of amino acid sequences from purified enzyme in the deduced

sequence, and by in vivo expression analysis.
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