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ABSTRACT. Heart/skeletal muscle carnitine palmitoyltransferase | (M-CPTI) isIB3D-fold more sensitive

to malonyl CoA inhibition than the liver isoform (L-CPTI). To determine the role of the N-terminal
region of human heart M-CPTI on malonyl CoA sensitivity and binding, a series of deletion mutations
were constructed ranging in size from 18 to 83 N-terminal residues. All of the deletions &s&&piere
active. Mitochondria from the yeast strains expresaw2® andA39 exhibited a 2.5-fold higher activity
compared to the wild type, but were insensitive to malonyl CoA inhibition and had complete loss of
high-affinity malonyl CoA binding. The high-affinity siteKci, Bmaxg) for binding of malonyl CoA to
M-CPTI was completely abolished in t#e28, A39, A51, andA72 mutants, suggesting that the decrease

in malonyl CoA sensitivity observed in these mutants was due to the loss of the high-affinity binding
entity of the enzymeA18 showed only a 4-fold loss in malonyl CoA sensitivity but had activity and
high-affinity malonyl CoA binding similar to the wild type. Replacement of the N-terminal domain of
L-CPTI with the N-terminal domain of M-CPTI does not change the malonyl CoA sensitivity of the
chimeric L-CPT], suggesting that the amino acid residues responsible for the differing sensitivity to malonyl
CoA are not located in this N-terminal region. These results demonstrate that the N-terminal residues
critical for activity and malonyl CoA sensitivity in M-CPTI are different from those of L-CPTI.

Carnitine palmitoyltransferase | (CPTlxatalyzes the
conversion of long-chain fatty acyl CoAs to acyl carnitines
in the presence of-carnitine (, 2. As an enzyme that
catalyzes the first rate-limiting step in fatty acid oxidation,
CPTI is tightly regulated by its physiological inhibitor
malonyl CoA, the first intermediate in fatty acid synthesis,
suggesting coordinated control of fatty acid oxidation and
synthesis 1, 2). Understanding the regulation of CPTI by
malonyl CoA is important in the design of drugs for control
of excessive fatty acid oxidation in diabetes mellitBfs &nd
in myocardial ischemia where accumulation of long-chain
acylcarnitines has been associated with arrhythntas (

Mammalian tissues express two isoforms of CPalliver
isoform (L-CPTI) and a heart/skeletal muscle isoform (M-
CPTIy—that are 62% identical in amino acid sequenge (
11). Although adult heart expresses both isoforms of CPTI,
the predominant form is M-CPTI5(7). The 1Gy for
malonyl CoA inhibition of heart mitochondrial M-CPTI is
~30—100-fold lower than that of L-CPTI, but both tissues
have similar malonyl CoA concentratio, @). It is estimated

that about 66-80% of the energy requirement of the heart
is derived from fatty acid oxidation1@). The important
guestion of how fatty acid oxidation can proceed in heart in
the presence of high tissue levels of malonyl CoA appears
to be resolved in part by recent reports of the transcriptional
regulation of M-CPTI gene expression by long-chain fatty
acids via the peroxisome proliferator-activated receptor
(PPARn) (13—15). Long-chain fatty acids activate PPAR
which then heterodimerizes with the c8-retinoic acid
receptor, binds to the fatty acid response element on the
promoter region of the M-CPTI gene, and in turn activates
M-CPTI gene transcription1d). In heart, the flux of high
levels of long-chain fatty acyl CoAs through the CPT system
directly competes for the malonyl CoA binding site on
M-CPTI to overcome inhibition by malonyl CoA. In addition,
high levels of long-chain fatty acyl CoAs stimulate the AMP-
activated protein kinase, inhibit acetyl CoA carboxylase, and
turn off malonyl CoA synthesis, thus decreasing M-CPTI
inhibition (16).

We have expressed both human heart M-CPTI, L-CPTI,
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of endogenous CPT activitg(17, 1§. Recently, we showed
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high-affinity binding @9). We further demonstrated that
substitution of glutamate-3 in the N-terminal region of
L-CPTI abolishes malonyl CoA inhibition and binding, while
a mutant L-CPTI with a change of histidine-5 to alanine
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causes partial loss in malonyl CoA inhibitio20Q). These
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L-CPTI was constructed as follows: The initial construct

results demonstrate that glutamate-3 and histidine-5 areintroduced a translationally silektindlll restriction site into

necessary for malonyl CoA inhibition and high-affinity
binding, but not for catalysis2(Q). In this communication,
we report that, unlike the rat L-CPTI, deletion of the first
28 but not 18 N-terminal residues of M-CPTI abolishes
malonyl CoA inhibition and high-affinity binding.

EXPERIMENTAL PROCEDURES

Construction of Plasmids for the N-Terminal Mutants of
Human Heart M-CPTIDeletion mutants of M-CPTI were
constructed by PCR using pGAP-M-CPTI plasmid DNA as
a template, as previously demonstrat8y For example, to
construct HMA18, a 668 bp fragment was obtained after
using primer H18D, SAAGACAATTGATGGTCGACT-
TCCGGCTCAGT, as the forward PCR primer, and HR1700,
5'-CCACCAGTCACTCACATA, as the reverse primer,
followed by restriction digestion of the PCR product with
the restriction enzymedgunl and EcoRI. Note that for each
forward primer the introducelllunl site is shown underlined
and is followed by the new start codon. The resulting
fragment was then ligated withcaRlI-linearized pHWO10,
and the product, pHZ18N, with the proper orientation was
confirmed by restriction analysis withcaRrl. To complete
the HMA18 mutant CPT gene, the 2.0 ExoRI fragment
from pHZO01 was then ligated to tHecoRI site of pHZ18N
as describedd). Deletion mutants HW28, HMA39, HMA51,
HMA72, and HVA83 were constructed as above but with
the following forward primers: H28D, 'BAAGACAAT-
TGATGAAACACGTCTACCTGTC; H39D, 5AAGA-
CAATTGATGAAGAAACGCCTGATCC; H51D, B3-AA-
GACAATTGATGAGGGGCGTGTACCCTGGCA; H72D,
5'-AAGACAATTGATGTCCTTCTGCAACGTGGA; and
H83D, 5-AAGACAATTGATGGTCAGTTGCATCCAGA-
GAT.

Construction of Plasmids Carrying Chimeric CPTI Genes.
A plasmid carrying the N-terminal portion of human M-CPTI

the N-terminal coding region of RLCPTI. A 320 Ibfindlll —

Kpnl fragment was produced by restriction enzyme digestion
of the PCR product prepared using pYGW9 as a template
with the forward primer RLC79, 'sSGACCCAAGCT-
TGGGCATGATCGCAAA, and the vector-specific reverse
primer RL655, 5CAGGAAACAGCTATGAC, and sub-
cloned intoHindlll —Kpnl-cut pYGW9 to produce pJS102.

A fragment encoding the N-terminal portion of HMCPTI
was prepared by PCR using the plasmid pJS200 as a
template, the forward primer RIHH, and the reverse primer
HHC79, 3-GCCCCAAGCTTATGTCCACGTTGCAGA,
which introduced a translationally silehtindlll restriction

site (underlined) into the N-terminal coding region of
HMCPTI. The 250 bp PCR product was blunt-end-ligated
into the pCR-Script vector to produce pJS106. Next, the
heart/liver CPTI chimeras were ligated together. pJS106 was
digested withHindlll, and the resulting fragment was ligated
into theHindlll site of pJS102 to produce pJS302. Note that
pJS302 carries the 79 N-terminal amino acids of HMCPTI
fused to RLCPTI at the introducddindlll restriction site.
PJS302 was digested witbcoRlI to release the full-length
chimeric CPTI which was then ligated into tieoRI-cut
pHWO010 to produce pCHH79RL.

A CPTI chimera, in which 130 N-terminal amino acids
of human M-CPTI are fused to the C-terminal portion of rat
L-CPTI, was constructed in a manner similar to pPCHH79RL.
A 170 bpHindlll —Kpnl fragment was produced by restric-
tion enzyme digestion of the PCR product prepared using
pYGW?9 as a template with the forward primer RLC130, 5
GCTGAAGCTTCTGCTCTCCTACCACGGCTGGAT, and
the reverse primer RL655 and ligated witindlIl —Kpnl-
cut pYGW9 to produce pJS115. A fragment encoding the
N-terminal portion of HMCPTI was prepared by PCR using
as a template the plasmid pJS200, the forward primer RIHH,
and the reverse primer HCH130;GTTAAGCTTCAGGGT-

was prepared by PCR using pGAP-M-CPTI as a template TTGGCGGAAGAA, which introduces a translationally

with the forward primer HHRI, 5GAGGAATTCATATG-
GCGGAAGCTCACCAG, which introduced aBcadRl site

silent Hindlll site (underlined). The 390 bp PCR product
was blunt-end-ligated int8uifl-cut pCR-Script to produce

(underlined) 2 bp upstream of the start codon and the reversgpJS113. pJS113 was digested whtimdlll, and the resulting

primer HR1700; the product was cut wifcoRlI, and the
670 bp fragment was ligated tBcoRI-cut pUC119 to

fragment was ligated into thelindlll site of pJS115 to
produce pJS303. pJS303 was digested ®ittR| to release

produce pJS200. To construct a CPTI chimera in which 41 the full-length CPTI chimera which was then ligated into

N-terminal amino acids of human M-CPTI are fused to the
C-terminal portion of rat L-CPTI, we took advantage of the
Xmn present in this position for rat L-CPTI and introduced
a translationally silent matching site into human M-CPTI.

the Ecarl-cut pHWO010 to produce pCHH130RL.

A CPTI chimera in which the 197 N-terminal amino acids
of human M-CPTI are fused to the C-terminal portion of rat
L-CPTI was constructed by cutting pJS200 witpnl and

pJS200 was used as a template for PCR with forward primerHindlll and ligating the 563 bp fragment t&pnl- and

HHRI and reverse primer CHX41,-&ETTGAAGCTTAT-
GAACCTTTTCTTCCAGGAGTTG, which introduced the
Xmrl site (underlined). The 130 bp PCR fragment was blunt-
end-ligated toSrfl-cut pCR-Script (Stratagene) to produce
pJS109. pJS109 was linearized wiXmn and ligated to
Xmri-cut pM1R (17) to produce pJS301. The final step in

Hindlll-cut pYGW?9 to form pJS316. pJS316 was then cut
with EcoRl and the fragment ligated to pHWO010 to form
CHH197RL. The DNA sequences of all mutants were
confirmed by sequencing.

Integration of Mutant Human Heart M-CPTI DNA into
the P. pastoris Genomd=ach plasmid was linearized by

the construction was to subclone the chimeric CPTI to the digestion with the restriction enzynigsgEl (8). The linear
P. pastorisexpression vector pHW010. pJS301 was digested DNA was introduced intd. pastorisby electrotransforma-

with EcaRl to release the full-length chimeric CPTI which
was then ligated intoEcoRl-cut pHWO010 to produce
pCHH41RL.

A CPTI chimera in which the 79 N-terminal amino acids
of human M-CPTI are fused to the C-terminal portion of rat

tion. Integrants were recovered as histidine prototrophic
transformants after selection on YND plates and grown on
YND medium containing glucose. Mitochondria were iso-
lated from the wild-type and mutant M-CPTls and L-CPTIs,
as described previouslB(17).
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Al8 A28 A39
HH CPTI |MAEAHQAVAFQFTVTPDGVDFRLSREALKHVYLSGINSWKKRLIRIKNGI 50
RH CPTI |MAEAHQAVAFQFTVTPDGVDFRLSREALRHIYLSGINSWKKRLIRIKNGI 50

HL CPTI ‘MAEAHQAVAFQFTVTPDG;IDLRLSHEALRQIYLSGLHSWKKKFIRFKNGI 50
RL CPTI ;MAEAHQAVAFQFTVTPDGTIDLRLSHEALKQICLSGLHSWKKKFIRFKNGI 50

A51 A72 A83
i ¥ N
: DISLGLVSCIQRCLPQGCGPYQT 100
KVDISMGLVHCIQRCLPTRYGSYGT 100
IDPSLGIIAKINRTLET-~-ANCMS 98
DPSLGMIAKISRTLDT--TGRMS 98

¥ROTLKLLLCYHGWMFEMHGKTSNLTR 150
QTLKLLLSYHGWMFEMHSKTSHATK 150
YSLKVLLSYHGWMFTEHGKMSRATK 148
YSLKVLLSYHGWMFAEHGKMSRSTK 148
MVPRLLLRAWPRGPAVGPGAPSRPLS 26
RL CPTII ~--~-r~--~———————————————— MMPRLLFRAWPRCPSLVLGAPSRPLS 26

Ficure 1: Amino acid sequence of the first 150 N-terminal residues of human and rat liver CPTs. The shaded areas represent the positions
of the two predicted membrane-spanning domains of all known CPTIs. The position of each of the deletion mutants is shown by an arrow.

Sources of the sequences from the data bank were fron8+€ff& as indicated in the text. HH, RE human, rat heart; HL, RE human,
rat liver.

CPTI AssayCPTI and L-CPTI activities were assayed in WT  AI8 A28 A39  ASL A72 A3
isolated mitochondria from the yeast strains expressing the 107kb—
wild-type and mutant CPTIs by the forward exchange method
using L-[®*H]carnitine, as described previous|§, (17, 21.

The K, for palmitoyl CoA was determined by varying the  76KD—
palmitoyl CoA concentration in the presence of a fixed

albumin concentration (1%) or a fixed molar ratio (6.1:1) of FIGURE 2. Immunoblot showing expression of wild-type and
palmitoyl CoA to albumin 22, 23. deletion mutant human heart M-CPTlIs in the yeBstpastoris

- . Mitochondria (50ug of protein) from the wild-type yeast strain
_ 14_C'.Ma|0ny| CoA Binding Assay‘C-Malonyl CoAbind-  and the strains expressing each of the deletion and point mutants
ing in isolated mitochondria from the yeast strains expressingwere separated on a 7.5% SBBAGE and blotted onto a

the wild-type and mutant CPTIs was determined by a nitrocellulose membrane. The immunoblot was developed as
P Y d ibed und i | d ild

modified centrifugation assay as described previous$; escribed under Experimental Procedures. Wiwild-type M-

20, 24. The CP'Ig activity an)é I, values arepgiven E?S/ g CPTI; A = deletions 18, 28, 39, 51, 72, and 83, respectively.

mean + SD for at least three independent assays with . .

different preparations of mitochondria. Tg values are Western blot .analysus of vylld-type M-CPTI (.80 qu) and

averages of at least two independent experiments. the mutants, using a_C—t_ermlnaI p_oncIonaI ant.lbody dm_acted
Western Blot Analysi$roteins were separated by SBS against a maIt_ose _blndlng proteiM-CPTI fusion protein

PAGE in a 7.5% gel and transferred onto nitrocellulose éS)f ',f showr: mt (Flgur? .2)' F(;r ttr?e W'Idd.tyfed anld all the

membranes. Immunoblots were developed by incubation with eletion mutants, proteins ot he predicted sizes were

either the M-CPTI- or the L-CPTI-specific polyclonal synthesized and were expressed at similar steady-state levels.

antibodies as described previous8; (7, 19. Effect of Deletions on L-CPTI Acity and Malonyl CoA
Sources of materials and other procedures were asInhibition. All of the deletion mutants except83 retained
described in our previous publicatioQ). significant CPT activity. For deletion mutamsl 8, A51, and
A72, the CPT activity level was 84%, 56%, and 20%,
RESULTS respectively, of that observed with the wild-type yeast strain

expressing M-CPTI (Table 1). In contragi28 and A39

Generation of Deletion Mutants and Chimeras and showed over 2.5-fold higher CPT activity compared to the
Expression in P. pastori€onstruction of plasmids carrying ~ wild-type strain expressing M-CPTIA83 had no CPT
the N-terminal deletions of human heart M-CPTI and activity. The 1Go for malonyl CoA inhibition of the wild-
chimeras was performed as described under Experimentaltype strain expressing M-CPTI was 70 ni),( while the
Procedures. The deletions and chimeras were confirmed bylCso for the minimal deletion mutanA18 was 300 nM,
DNA sequencing. The deletions ranged from the smallest, representing only a 4-fold decrease in malonyl CoA sensitiv-
18, to the largest, 83, amino acid residues as shown in Figureity compared to the 190-fold decrease in sensitivity observed
1. P. pastoriswas chosen as the expression system for with the corresponding L-CPTA18 (19). Deleting 28, 39,
M-CPTI, the deletion mutants and the chimeras, because it51, and 72 amino acid residues from the N-terminus of
does not have endogenous CPT activ@y{7—19). TheP. M-CPTI increased the & for malonyl CoA inhibition in
pastorisexpression plasmids expressed M-CPTl and L-CPTI each of the mutants from 70 nM in the wild-type strain to
under control of thd. pastorisglyceraldehyde-3-phosphate 3.5-7.5 uM in the deletion mutants, thus decreasing the
dehydrogenase gene promoté7 (27). malonyl CoA sensitivity by 568100-fold (Table 1).A28
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Table 1: CPT Activity, Malonyl CoA Sensitivity, and Binding in
Yeast Strains Expressing Wild-Type M-CPTI and N-Terminal
Deletion Mutant3

activity
) [nmol/ Ko Kpz Bmax1 Bmaxz
strain  (mg'min)] 1Cso («M) (nM) (nM) (pmol/mg) (pmol/mg)

wild-type 2.5+£0.4 0.07£0.01 5.7 35.0 13.0 34.8
A18 21+0.2 0.3+0.05 46 37.0 6.3 24.4
A28 6.7£13 75+£03 — 6849 - 8.6
A39 6.3+09 75+04 — 2850 - 125
A51 14402 35+02 — 1157 - 5.3
A72 05+02 7.0£04 — 7446 - 4.0
A83 no activity

@ Mitochondria were isolated from the yeast strains separately

expressing M-CPTI and the deletion mutants, and were assayed for

CPT activity, malonyl-CoA sensitivity, and binding as described under
Experimental Procedures. 4€is the concentration of malonyl CoA
needed to inhibit 50% of the activity of the yeast-expressed M-CPTI,
and results are meah SD of at least three independent experiments
with different mitochondrial preparations. ThKg andBmax values are
averages of two independent experiments with different mitochondrial
preparations.
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Ficure 3: Effect of increasing concentrations of malonyl CoA on
the activities of yeast-expressed wild-type and deletion mutant
M-CPTIs. Approximately 15@g of mitochondrial protein was used
for the assay® = wild type; O = A18; B = A28.

showed decreased malonyl CoA sensitivity at all levels of
the inhibitor tested compared to the wild type, as shown in
Figure 3.

Kinetic Properties of Wild-Type and Mutant M-CPT\28
exhibited normal saturation kinetics when the carnitine
concentration was varied relative to a second substrate
palmitoyl CoA, but showed a much higher activity compared
to the wild type at all levels of carnitine tested (Figure 4A)
under standard assay conditions. The calculdgdfor
carnitine forA28 was 408&M, which is similar to the 530
uM for the wild type, but theVmax[19.1 nmol mint (mg of
protein) ] for A28 was 2.5-fold higher than that of the wild-
type strain [7.6 nmol mint (mg of protein)?]. With respect
to the second substrate, palmitoyl CoA, both the wild type
andA28 showed non-MichaelisMenten saturation kinetics
at a fixed concentration of albumin (1% wi/v) (Figure 4B),
characteristics similar to our previous repoR).(A28
exhibited significantly higher activity than the wild type at
all levels of palmitoyl CoA tested. However, batt?8 and
the wild type showed normal saturation kinetics when the
molar ratio of palmitoyl CoA to albumin was fixed at 6.1:1
(Figure 4C). ForA28, the calculate®, for palmitoyl CoA
was 56.8uM, and theVmax was 24.9 nmol mint (mg of
protein) !, which is similar to the wild-type values of 93.8
uM and 25.0 nmol min! (mg of protein)*. Thus, deletion
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Ficure 4: Kinetic analysis of wild-type and28 mutant M-CPTI
activities. Isolated mitochondria (1%@ of protein) from the yeast
'strains expressing the wild-typ®) andA28 (@) mutant M-CPTIs
were assayed for CPTI activity in the presence of increasing
concentrations of carnitine and palmitoyl CoA as described under
Experimental Procedures. The figures show the resulting-dose
response curves for M-CPTI: (A) carnitine; (B) palmitoyl CoA
with fixed albumin concentration (1% w/v); (C) palmitoyl CoA
with fixed molar ratio of palmitoyl CoA to albumin (6.1:1).

450

of the first 28 and 39 N-terminal amino acid residues
abolishes malonyl CoA sensitivity and increases catalytic
activity of M-CPTI, while loss of malonyl CoA inhibition
in A51 andA72 was associated with decreased catalytic
activity. Unlike A18 of L-CPTI (19), deletion of the first 18
N-terminal amino acids of M-CPTI had minimal effect on
malonyl CoA inhibition and catalytic activity.

14C-Malonyl CoA Binding in Yeast-Expressed Wild-Type
and Mutant M-CPTIsMalonyl CoA binding to the mito-
chondria from the yeast strain expressitg8 was signifi-
cantly lower compared to that observed in the mitochondria
from the wild-type strain and18, but was saturable (Figure
5). Malonyl CoA binding clearly resolved into a high-affinity
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40[ Table 2: CPTI Activity and Malonyl CoA Sensitivity of Wild-Type
L-CPTI and Chimeric L-CPTks

< 30} strain activity [nmol/(mgmin)] I1Cso (uM)

T wild-type L-CPTI 7.8+ 05 2.0+ 0.2

SE wild-type M-CPTI 2.5+ 0.4 0.07+ 0.01

£ 201 ML-41 6.9+ 0.6 1.5+0.3

v & ML-79 6.2+ 0.4 9.0+ 1.0

E] ML-130 6.6+ 0.4 2.0+0.2

o ML-197 no activity

a Mitochondria were isolated from the yeast strains separately
expressing L-CPTI and the chimeric L-CPTIs, and were assayed for
CPT activity and malonyl CoA sensitivity as described under Experi-
mental Procedures. Results are mga8D of at least three independent
experiments with different mitochondrial preparations. Mlmuscle-

10//«/*
0 A . .

0 250 500 750
Free Malonyl-CoA (nM)

FicUrRE 5: Binding of *4C-malonyl CoA to mitochondria isolated

( ) ! liver chimera.
from the yeast strain expressing the wild-type M-CPA18, and
A28. Approximately 20Q:g of protein was used for the binding
assay. Malonyl CoA binding values for the wild-type and deletion RL. CH CH CH CH
mutants were corrected for malonyl CoA binding to the mitochon- WT 4l 78 13 197
dria from the yeast strain with the vector but no ins@t= wild 107KD— : o i

type; O = A18; = A28.

76 KD —
25

Ficure 7: Immunoblot showing expression of wild-type L-CPTI
and chimeric L-CPTs in the yeaBt pastoris Mitochondria (30

ug of protein) from the wild-type L-CPTI yeast strain and the strains
expressing each of the chimeric L-CPTIs were separated on a 7.5%
SDS-PAGE and blotted onto a nitrocellulose membrane; the
immunoblot was developed as described under Experimental
Procedures using L-CPTI-specific polyclonal antibodies. RL, WT
= rat liver CPTI, wild-type; CH= human M-CPT+rat L-CPTI
chimera.

Bound/Free Malonyl-CoA
(pmol/mg.nM)

10
Bound Malonyl-CoA (pmol/mg)

20 30 40

the wild-type M-CPTI (Table 2). Chimera 197 had no CPT
activity. The 1Go values for malonyl CoA inhibition of

FIGURE 6. Scatchard plot for binding of*C-malonyl CoA to chimeras 41 and 130 were similar to the wild-type L-CPTI.
mitochondria from yeast strains expressing wild-type and mutant Chimera 79 exhibited a 4.5-fold decrease in malonyl CoA
M-CPTls.® = wild type; O = A18; W = AZ28. sensitivity compared to the wild-type L-CPTI, suggesting

and a low-affinity site in the mitochondria from the wild- that interaction between the two membrane-spanaiie-

type M-CPTI andA18 as shown by the Scatchard plots in
Figure 6, but only very-low-affinity binding was observed
in the mitochondria fromA28. Deletion of the first 28

N-terminal residues completely abolished high-affinity ma-

lices of the same isoform may be important for malonyl CoA
sensitivity. For the wild-type L-CPTI and chimeric enzymes,
proteins of predicted sizes were synthesized and were
expressed at similar steady-state levels as shown by western

blot analysis using the L-CPTI-specific C-terminal antibodies
(Figure 7). Thus, replacement of the first 130 N-terminal
amino acid residues of L-CPTI with the corresponding
M-CPTI residues did not increase the malonyl CoA sensitiv-
ity of the chimeric liver enzyme.

lonyl CoA binding Kpi1) and further decreased the low-
affinity binding (Kp,) by 20-fold (Table 1). A complete loss
in high-affinity malonyl CoA binding Kpi) was also
observed for\39, A51, andA72, which was associated with
a decrease in the low-affinity bindinéf,). The increase in
Koz for the low-affinity binding site due to the deletions
correlated with a decrease in the calculaBgg,. suggesting
that the observed loss in malonyl CoA sensitivity and binding  To determine the role of the N-terminal region of human
could patrtially be attributed to the decreased abundance orheart M-CPTI on malonyl CoA sensitivity and binding, a
availability of the second malonyl CoA binding entity of series of deletion mutations were constructed ranging in size
M-CPTIL. from 18 to 83 N-terminal residues. All of the deletions except
Activity and Malonyl CoA Sensiiity of Chimeric CPTI A83 had 26-268% of the wild-type M-CPTI activityA28
Enzymeskour chimeric L-CPTI enzymes, in which the first andA39 were insensitive to malonyl CoA inhibition and had
41, 79, 130, and 197 N-terminal amino acid residues of complete loss of high-affinity malonyl CoA binding. How-
human heart M-CPTI replaced the corresponding portion of ever, A18 showed only a 4-fold loss in malonyl CoA
rat L-CPTI, were constructed and expressedirpastoris sensitivity but had activity and high-affinity malonyl CoA
Mitochondria from the yeast strains expressing the chimeric binding similar to the wild type. This is in contrast to the
rat liver enzymes were monitored for changes in malonyl L-CPTI A18 which showed complete loss in malonyl CoA
CoA sensitivity as a result of transplanting the N-terminal sensitivity and high-affinity bindingl(9), suggesting that the
residues of the human heart enzyme to the liver enzyme.same conserved first 18 residues play a different role in
Chimeras 41, 79, and 130 showed similar CPT activity as L-CPTIl and M-CPTI. MutaniA72 had only 20% of the wild-
the wild-type L-CPTI, which was 3-fold higher than that of type activity, andA83 had no activity. Our data show that

DISCUSSION
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loss of residues necessary for optimal catalysis started withACKNOWLEDGMENT
the A51 mutant. The corresponding deletion mutants for
L-CPTI had~70% of the wild-type activity, but had lost
malonyl CoA sensitivity and high-affinity bindingl19),

We are grateful to Dr. James M. Cregg (Oregon Graduate
Institute of Science and Technology) for advice, helpful
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