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Molecular Cloning and Sequence Analysis of Complementary DNA Encoding Rat
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ABSTRACT: Poly(A)+ RNA from pregnant rat mammary glands was size-fractionated by sucrose gradient
centrifugation, and fractions enriched in medium-chain S-acyl fatty acid synthetase thio ester hydrolase
(MCH) were identified by in vitro translation and immunoprecipitation. A cDNA library was constructed,
in pBR322, from enriched poly(A)+ RNA and screened with two oligonucleotide probes deduced from rat
MCH amino acid sequence data. Cross-hybridizing clones were isolated and found to contain cDNA inserts
ranging from ~1100 to 1550 base pairs (bp). A 1550-bp cDNA insert, from clone 43H09, was confirmed
to encode MCH by hybrid-select translation/immunoprecipitation studies and by comparison of the amino
acid sequence deduced from the DNA sequence of the clone to the amino acid sequence of the MCH peptides.
Northern blot analysis revealed the size of the MCH mRNA to be 1500 nucleotides, and it is therefore
concluded that the 1550-bp insert (including G-C tails) of clone 43HO09 represents a full- or near-full-length
copy of the MCH gene. The rat MCH sequence is the first reported sequence of a thioesterase from a
mammalian source, but comparison of the deduced amino acid sequences of MCH and the recently published
mallard duck medium-chain S-acyl fatty acid synthetase thioesterase reveals significant homology. In
particular, a seven amino acid sequence containing the proposed active serine of the duck thioesterase is
found to be perfectly conserved in rat MCH.

In animals, de novo synthesis of fatty acids is catalyzed by
a multienzyme complex, fatty acid synthetase, which elongates
acetyl coenzyme A (acetyl-CoA) by successive additions of
two-carbon units derived from malonyl-CoA. The acyl chain
is covalently bound, via a thio ester linkage, to the 4’-phos-

* Author to whom correspondence should be addressed.

0006-2960/87/0426-1358%01.50/0

phopantetheine moiety of the fatty acid synthetase (Phillips
et al., 1970). Chain termination and release of the free fatty
acid product is achieved by hydrolysis of the thio ester by a
component of the synthetase complex, thioesterase I. The
chain length of the released fatty acid is usually C16. How-
ever, in some specialized tissues, such as the mammary glands
of nonruminant mammals (Libertini & Smith, 1978; Knudsen

© 1987 American Chemical Society
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et al., 1976) and the uropygial glands of certain waterfowl (De
Renobales et al., 1980; Rogers et al., 1982), the synthetase
produces predominantly medium-chain length (C8, C10, C12)
fatty acids. This results from an interaction of the synthetase
with a second thioesterase (thioesterase IT or medium-chain
S-acyl fatty acid synthetase thio ester hydrolase, MCH) that
is not part of the fatty acid synthetase but is present as a
separate polypeptide. In rats, MCH is exclusively localized
in mammary epithelia (Nolin et al., 1982), thereby conferring
on this cell type the unique capacity for synthesis of medi-
um-chain fatty acids. In response to hormonal influences, the
MCH content of mammary gland tissue increases dramatically
during late pregnancy, peaking just prior to parturition and
remaining high during lactation (Smith & Ryan, 1979).
MCH has been shown to be expressed in virgin mammary
epithelia (Smith et al., 1983), and although some increase of
MCH content occurs, on a per cell basis, during glandular
development it has been proposed that the high levels of MCH
in lactating tissue arise primarily from hormone-induced
proliferation of epithelial cells during mammaogenic develop-
ment (Nolin et al., 1982).

Further insight into the developmental regulation of MCH
expression in mammary glands will be gained by studies at
the gene level. As a first step toward this, we report here the
molecular cloning of cDNA encoding rat mammary gland
MCH. Recently, the cDNA sequence of the medium-chain
thioesterase from the uropygial gland of the mallard duck has
been reported (Poulose et al., 1985), and comparison of the
deduced amino acid sequence of this thioesterase with that of
the rat mammary gland thioesterase reveals significant hom-
ology. In particular, a region surrounding the proposed active
serine of the mallard thioesterase is found to be perfectly
conserved in the rat enzyme.

MATERIALS AND METHODS

MCH Purification. MCH was isolated from mammary
glands of 18-day lactating rats (Colworth-Wistar strain) as
previously described (Slabas et al., 1983) and further purified
by DEAE-5PW HPLC! chromatography.

Preparation of Affinity-Purified MCH Antibodies. MCH
denatured with 9.5 M urea and cross-linked with 2% glutar-
aldehyde was used to immunize rabbits in Freund’s complete
adjuvant. Second-bleed antiserum was affinity purified by
using native MCH immobilized on CNBr-activated Sepharose
4B (Jockusch et al., 1978).

MCH Amino Acid Sequencing. After reductive alkylation
with [“Cliodoacetamide, MCH was cleaved with either trypsin
or CNBr. The resulting peptides were separated by reverse-
phase HPLC, and some were sequenced by automated Edman
degradation (see Figure 6). Two of these peptides were used
for provision of oligonucleotide probes (Figure 3).

Polyacrylamide Gel Electrophoresis and Western Blotting.
Proteins were separated on 10-20% polyacrylamide gradient
SDS gels (Laemmli, 1970). For Western blots, fractionated
proteins were electrophoretically transferred to nitrocellulose
(Towbin et al., 1979), and after blocking with 3% hemoglobin,
filters were incubated with rabbit a-MCH antibody followed
by '*’I-protein A.

RNA Isolation. Mammary glands, removed from 20-day
pregnant Colworth-Wistar rats, were ground in liquid nitrogen

! Abbreviations: SDS, sodium dodecyl sulfate; PAGE, polyacrylamide
gel electrophoresis; CNBr, cyanogen bromide; HPLC, high-performance
liquid chromatography; CsCl, cesium chloride; bp, base pair(s); EDTA,
ethylenediaminetetraacetic acid; Tris-HCI, tris(hydroxymethyl)amino-
methane hydrochloride.
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and lyophilized. Lyophilized tissue was homogenized in
guanadinium thiocyanate solution (Chirgwin et al., 1979) for
60 s with a Polytron homogenizer at full speed. RNA was
isolated by centrifugation through 5.7 M CsCl solution (Glisin
et al., 1974), dissolved in guanadinium chloride solution by
briefly heating at 65 °C, and ethanol precipitated. After water
extraction, RNA was selectively precipitated in 2 M LiCl.
Polyadenylated [poly(A)+] RNA was isolated from total
RNA on poly(U)-Sephadex (BRL) according to the manu-
facturer’s protocol.

Sucrose Gradient Fractionation of Pregnant Rat Mammary
Gland (PRMG) Poly(A)+ RNA. 30 pg of RNA was heated
at 70 °C for 1 min in 1 mM EDTA, cooled on ice, layered
onto a 15-40% sucrose gradient (6 mL) in 0.1 M NaCl, 10
mM Tris-HC], pH 7.5, and 10 mM EDTA, and centrifuged
at 200000g for 14 h at 12 °C. Fractions (0.4 mL) were
collected, ethanol precipitated, and assayed for MCH mRNA
content by in vitro translation and immunoprecipitation with
rabbit a-MCH antibody as described below.

Immunoprecipitation of PRMG in Vitro Translation
Products with Rabbit a-MCH Antibody. PRMG poly(A)+
RNA (0.5 pg) was translated in a rabbit reticulocyte lysate
system (Amersham) with L-[3*S]methionine (1 uCi/uL) for
90 min at 30 °C. Translation products were diluted 10-fold
in water, made 2% in SDS, and heated for 3 min at 100 °C.
Samples were diluted to 1 mL with immunoprecipitation buffer
(1% Triton X-100, 0.3 M NaCl, 50 mM Tris-HC], pH 8.0)
and incubated with rabbit a-MCH antibody for 2 h at 20 °C.
Immune complexes were precipitated with protein A-Sepha-
rose beads (Pharmacia). After thorough washing with im-
munoprecipitation buffer, immune complexes were released
from the beads by heating at 100 °C for 3 min in 1.5X
Laemmli sample buffer (Laemmli, 1970). Products were run
on 10-20% gradient SDS-PAGE and fluorographed (Cham-
berlain, 1979).

¢DNA Synthesis. This method is based on a modification
(J.-L. Darlix, unpublished results) of the Gubler and Hoffman
(1983) RNase H protocol. MCH-enriched mRNA (3 pg) was
annealed with 2.5 ug of oligo(dT,_;5) in 20 uL of water by
heating for 30 s at 100 °C and quenching in ice-water. For
first-strand cDNA synthesis, 20 4L of annealed mix was added
to 30 uL of 2X reverse transcriptase buffer [0.1 M Tris-HCI,
pH 8.3 (adjusted at 43 °C), 10 mM MgCl,, 150 mM KCl,
20 mM dithiothreitol, 1 mM ATP, 1 mM GTP, 1 mM CTP,
and 0.2 mM TTP], 3.3 uL of water, and 50 units of Super RT
reverse transcriptase (Anglian Biotech), and incubated for 45
min at 43 °C. For second-strand synthesis, 150 nL of buffer
(40 mM Tris-HC], pH 7.5, 10 mM MgCl,, 75 mM KCI, 25
ug/mL bovine serum albumin), 25 xCi of [a-3?P]TTP (3000
Ci/mmol specific activity from Amersham), 52 units of DNA
polymerase I (Amersham), and 8 units of RNase H (P-L
Biochemicals) were added to the first-strand mix and incubated
at 11 °C for 60 min. Gap repair was achieved by incubating
the second-strand mix with 2 uL of 20 mM ATP and 420 units
of DNA ligase (Amersham) at 18 °C for 2 h. The reaction
was stopped by addition of 20 uL of 0.5 M EDTA and 2 L
of 10% SDS, and the cDNA was purified on Sephadex G-50.

Insertion of cDNA into pBR322 and Transformation of
Escherichia coli. Double-stranded cDNA was dC-tailed by
using terminal transferase (Amersham) and, after phenol
extraction, annealed to an equimolar amount of dG-tailed
Pstl-cleaved pBR322 (BRL) in 10 mM Tris-HCI, pH 7.5, and
0.1 M NacCl by heating at 65 °C for 2 h and then cooling to
40 °C over 2 h. The annealed mix was used to transform E.
coli HB101, essentially as described by Mandel and Higa
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(1970). A total of 6000 transformants were selected by tet-
racycline resistance and stored in microtiter dishes at =70 °C
in 30% glycerol.

Oligonucleotide Synthesis. Mixed oligonucleotides were
synthesized by the phosphoamidate method (Adams et al.,
1983) at Unilever Research, Vlaardingen, Holland. Following
purification on 20% polyacrylamide gels, oligonucleotides were
5’ end labeled by using [y-**P]ATP and T, polynucleotide
kinase.

Oligonucleotide Screening of cDNA Library. Colony blots
of chloramphenicol-amplified recombinant clones were pre-
pared on Biodyne A membrane (Pall), according to the
manufacturer’s protocol. Blots were prewashed in 50 mM
Tris-HCI, pH 8.0, 1 M NaCl, 1 mM EDTA, and 0.1% SDS
for 2 h at 42 °C and prehybridized in 5X standard saline
citrate (SSC), 5X Denhardt’s solution, 0.2% SDS, and 250
pg/mL denatured salmon sperm DNA at 65 °C for 4-16 h.
Hybridizations were carried out with ~5 X 10° cpm/mL
32p.labeled oligonucleotides for 16 h at ~5 °C below T, range
for the mixed probes [Ty = 4(G-C bp) + 2(A-T bp) °C ac-
cording to Suggs et al. (1981)]. Washing stringency was 5
X SSC and 1% SDS at the hybridization temperature (2 X
30 min).

Southern Blot Analysis. Plasmid DNA was isolated by the
alkaline lysis method (Birnboim & Doly, 1979) and further
purified by CsCl-ethidium bromide gradient centrifugation.
cDNA inserts excised by restriction with PstI were electro-
phoresed in 1% agarose gels and blotted onto nitrocellulose
(Southern, 1975).

Northern Blot Analysis. Mammary gland poly(A)+ RNA
was glyoxalated (McMaster & Carmichael, 1977), excluding
dimethyl sulfoxide, electrophoresed in 1% agarose gel in 10
mM sodium phosphate, pH 6.5, and transferred to Genescreen
membrane (NEN) according to the manufacturer’s protocol.
Hybridization with nick-translated clone 43H09 cDNA insert
was under conditions similar to those described for Southern
blot analysis.

Hybrid Selection of MCH mRNA. Clone 43H09 cDNA
insert was excised by Pstl digestion and purified by gel elec-
trophoresis and electroelution onto DEAE membrane (Dretzen
et al., 1978). The cDNA, after denaturation at 100 °C for
5 min in water, was applied onto sterile nitrocellulose squares
and baked for 2 h at 80 °C under vacuum. Hybrid selection
was carried out, using 25 ug of PRMG poly(A)+ RNA, as
previously described (Parnes et al., 1981). Selected mRNAs
were translated in vitro and the products immunoprecipitated
with rabbit a-MCH antibody and analyzed by 10-20% gra-
dient SDS-PAGE/fluorography as described above.

DNA Sequencing. Clone 43H09 cDNA insert was sub-
cloned into M13 and sequenced by the dideoxy method
(Sanger et al., 1977).

RESULTS

Our strategy for cloning rat MCH c¢cDNA was to construct
a cDNA library from size-fractionated mammary gland
mRNA, screen it with oligonucleotide probes derived from rat
MCH amino acid sequence data, and confirm putative MCH
clones by hybrid-select translation and immunoprecipitation.

MCH Purification and Characterization of MCH Antibo-
dies. MCH was isolated from lactating rat mammary glands
as previously described (Slabas et al., 1983) and purified to
homogeneity by DEAE-5PW HPLC chromatography. This
preparation was used to raise antibodies and to generate amino
acid sequence data suitable for the provision of oligonucleotide
probes. Antibodies raised in rabbits were affinity purified
against immobilized native MCH (Jockusch et al., 1978) and

SAFFORD ET AL.

-92.5

-69

—— e~ 30

-14.3

FIGURE 1: Characterization of rabbit a-MCH antibody by Western
blot analysis. Lactating rat mammary gland (LRMG) cytosol was
prepared as previously described (Slabas et al., 1983) and reacted
with MCH antibody. Both the immunoprecipitate and untreated
LRMG cytosol were run on 10-20% gradient SDS-PAGE, transferred
to nitrocellulose, and reacted with MCH antibody followed by '*I-
protein A: lane 1, purified MCH; lane 2, MCH immunoprecipitate
from 50 uL of LRMG cytosol; lane 3, 50 uL of LRMG cytosol.
14C-Labeled molecular weight markers, in K, are shown on the right.
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FIGURE 2: Fluorograph of PRMG mRNA sucrose gradient fraction
in vitro translation products immunoprecipitated with rabbit a-MCH
antibody: lanes 1-10, PRMG mRNA sucrose gradient fraction
translation products immunoprecipitated with MCH antibody; lane
11, MCH immunoprecipitate of unfractionated PRMG mRNA
translation products; lane 12, unfractionated PRMG mRNA trans-
lation products. '*C-Labeled molecular weight markers, in K, are
shown on the right.

characterized by immunoblotting (Towbin et al., 1978) (Figure
1). Under the denaturing conditions employed in this tech-
nique the antibodies both specifically recognized (Figure 1,
lane 3) and quantitatively immunoprecipitated (Figure 1, lane
2) the 29-kDa MCH polypeptide from mammary gland cytosol
preparations.

MCH Amino Acid Sequencing. MCH peptides generated
by cleavage with trypsin, following reductive alkylation with
[**Cliodoacetamide, and by cyanogen bromide treatment were
separated by reverse-phase HPLC chromatography and se-
quenced (see Figure 6). Two of these peptides, namely,
FIFDKP and MEPLH, were selected for provision of oligo-
nucleotide probes (see Figure 3).

Enrichment of MCH mRNA and cDNA Cloning. mRNA
isolated from pregnant mammary glands was translated in
vitro and immunoprecipitated with MCH antibodies. Analysis
of the products by SDS gel electrophoresis/fluorography
(Figure 2) showed specific immunoprecipitation of an MCH
polypeptide with the same molecular weight (29K) as that
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MCH peptide

Phe lle Phe Asp Lys Pro
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Arg
Met Glu Pro Leu His

Complementary A A A T T A TC
probe 3' AAG TAG AAG CTG TTC GG 5' 3' TAC CTC GGN GAN GT 5'
T
17mer l4mer

FIGURE 3: Synthetic oligonucleotide probes for MCH ¢cDNA screening. Probes were of the mixed-synthesis type, complementary to the coding
sequence. The 17-mer was synthesized as two mixes, one using TTT and the other TTC for the Lys codon. As assignment of the terminal
amino acid of the peptide used for the 14-mer was equivocal (Arg or His), a mix encoding both possibilities was used. The 14-mer was made
in two syntheses, one containing GAN and the other AAZ for the Leu codon. N = A, C, G, or T.
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FIGURE 4: In vitro translation of mRNA hybrid selected with clone
43HO09. Purified clone 43H09 cDNA insert and control pPBR322 DNA
were hybridized to PRMG mRNA, selected mRNAs translated in
vitro and immunoprecipitated with MCH antibody, and the products
analyzed by SDS-PAGE/fluorography: lane 1, pBR322-selected
mRNA translation products; lane 2, clone 43H09 selected mRNA
translation products; lanes 3 and 4, as for lanes 1 and 2 after im-
munoprecipitation. '*C-Labeled molecular weight markers, in K, are
shown on the right.

observed for the mature protein (Figure 1), demonstrating that
MCH is not made in a precursor form. Although the MCH
antibody preparation was monospecific, contamination of the
immunoprecipitate with caseins could occur, as a result of
binding of these hydrophobic, micellar forming proteins to
Protein A-Sepharose. This problem was overcome by in-
corporating a heating step in the presence of 2% SDS prior
to immunoprecipitation (Suard et al., 1982). While MCH
protein was routinely purified from 18-day lactating tissue,
initial in vitro translation studies showed this tissue to be a
poor source of MCH mRNA. A considerably richer source
was found to be pregnant, preparturition glands, and these
were subsequently used for RNA isolation. Even so, the
abundance of MCH mRNA from this source was still low
(~0.05%), and therefore, prior to cloning, PRMG poly(A)+
RNA was size-fractionated by sucrose gradient centrifugation.
Fractions were assayed for MCH mRNA content by in vitro
translation and immunoprecipitation with MCH antibodies
(Figure 2). Fraction 5 is seen to be considerably enriched for
MCH mRNA and was subsequently used to construct a
c¢DNA library in pBR322 by using a modification (J.-L.
Darlix, unpublished results) of the RNase H protocol of Gubler
and Hoffman (1983).

Screening for MCH Clones. The cDNA library was
screened for MCH clones by hybridization to synthetic oli-
gonucleotides derived from MCH amino acid sequence data.
To reduce the number of false positive clones, screening was
carried out with two sets of oligonucleotides derived from two
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FIGURE 5: Restriction map and sequencing strategy of clone 43H09.
Arrows represent the direction and extent of dideoxy sequences derived
in M13: 1, BamH1-Kpnl/BamHI-EcoRI fragments; 2, Bal31 ex-
onuclease deleted PstI-BamHI fragments; 3, Sau3A fragments; 4,
BamHI1-Kpnl fragments primed with MCH-specific oligonucleotides;
5, intact cDNA insert. The boxed area represents the MCH coding
region.

different peptides, MCH clones being identified by hybrid-
ization to both probes. The two oligonucleotide probes were
of the mixed synthesis type, a 17-mer and a 14-mer (Figure
3).

Colony blot screening of the 6000 recombinant clones with
the *2P-labeled 17-mer mix resulted in identification of 18
positive clones. Rescreening the library with the 14-mer mix
gave 16 positive clones, 6 of which had previously hybridized
to the 17-mer probe. Plasmid DNA was isolated from the six
cross-hybridizing clones, and gel electrophoresis of the cDNA
inserts excised by PstI digestion showed a range from
1100-1550 bp. Restriction analysis of the six inserts showed
them to be structurally related. This was further confirmed
by Southern blotting, when all six inserts gave positive signals
when hybridized, under stringent conditions, to nick-translated
insert from the longest clone (43H09). As a result of this,
clone 43H09 was subjected to further characterization by
hybrid-select translation and M13 dideoxy sequencing.

Hybrid-Select Translation of Clone 43H09. When hy-
bridized to PRMG poly(A)+ RNA, immobilized clone 43H09
c¢DNA insert was found to select a mRNA coding for a 29-
kDa polypeptide (Figure 4, lane 2) which was immunopre-
cipitable with MCH antibodies (Figure 4, lane 4). The 29-kDa
polypeptide was not detected in control experiments with im-
mobilized pBR322 DNA (Figure 4, lanes 1 and 3).
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GGGGGGGTTGCTGTGCCTCTCACTGTGGTTCGATCTCTCCTCTGGAAGGAGCATAGCTGAAAGCTGATCTTCTGGTCTCCAGAACGCTTCTGAGATTTTGCCATCGAGTCCATTTCCTTC
10 20 30 40 S0 60 70 80 90 (s]s] 110 120

YCTTCTTCCCYATCTCTTTTTCTTCACTGCCCTTTAAAAGCAGG&TTCTGAGTGACAGCCATAGTCAACAGGT?AAAAAGAAAGCTGGTCCCTTGGTATACTGAAGGCTTACTGGAGATT
0 160 170 180 190 200 210 220 230 240

M E T A V N A K S P R N E K[V
TTTGTGCCCAGAGGGAATTGAATTCAGCGTGGACACAGAAGGTTGAAGGAGCAACAACCCCTAATCAACTCACAGAATGGAGACAGCAGTCAATGCTAAGAGTCCCAGGAATGAAAAGGT
26 270 280 2 320 330 34 3s0

360

L_N C L Y Q NJP D A V F L I C F w A G G G S I H F A K|wW G I N D S L|JE V
TTTGAACTGTTTGTATCAAAATCCTGATGCAGTTTTCAAGCTGATCTGCTTCCCTTGGGCAGGAGGCGGCTCCATCC!TTTTGCCAAGTGGGGCCAAAAGATTAACGACTCTCTGGAAGT
370 380 390 400 410 420 430 440 450 460 470 480

H A vV R L A G R E TR L G E P F A N DI ¥ Q1 A D E I VvV T A L L P I I Q D K A F
GCATGCTGTAAGACTGGCTGGAAGAGAAACCCGACTTGGAGAACCTTTCGCAAATGACATCTACCAGATAGCTGATGAAATCGTGACCGCCCTGTTGCCCATCATTCAGGATAAAGCTTT
490 500 510 520 530 540 550 560 570 580 590 €00

A F F G H S F G S ¥ I A L 1 T A L L L K E K Y K |M E L Hl I F v S G A S A P H S
TGCGTTTTTTGGCCACAGTTTTGG!TCCTACATTGCTCTTATTACTGCTCTGCTCCTAAAGGAGAAATACAAAATGGAGCCGCTG ATATTTTTGTATCCGGTGCATCCGCCCCTCACTC
610 620 630 640 650 660 670 680 690 700 710 720

T S R P Q VP D L N E L T E E Q VR HH L L ODF G G T P K H L I E D Q D V L R M
AACATCCCGGCCTCAAGTTCCTGATCTTAACGAATTGACAGAAGAACAAGTCAGACATCACCTTCTGGATTTCGGAGGCACGCCCAAGCATCTCATAGAAGACCAGGATGTTCTGAGGAT
740 750 760 770 780 790 800 810 820 830 840

F I P L L K A DA G V V K K|F I F D K P S K/A L L S L D I T G F L G S E D T I K
GTTCATTCCTTTGCTGAAGGCAGATGCTGGCGTTGTGAAAAAATTCATCTTTGACA!GCCCTCCnAAGCTCTTCTCTCTCTGGACATAACGGGCTTCCTTGGATCTGAAGATACAATAAA
860 870 -1-1¢] 890 900 910 920 930 940 950 960

D I E G W Q D L T S G/K F DV H M L P G D H F VY |L M P D N E N F 1 KN Y I A K
GEACAT&GAAGGCTGGCAAGACCTAACCAGTGGGAAGTTTGATGTCCACATGCTGCCAGGCGACCACTTTTATCTGATGA&ECCCGACA&CG&G&ACTTTnTCAA AACTACATAGCCAA
970 280 9980 1000 1010 102 1030 1040 1050 1060 1070 1080

C L E L S S L T =
GTGCTTGGAACTCTCGTCACTCACTTGACTACTTTTAGATGAGCTTTCTTTGGGGCTGTGGATATGCAGACGGTTCAAAAGCTGCTCCTCTGGGTCCAGCTTTTAGTTCTTAGAGGTTGG
109 1100 1110 1120 1130 1140 1150 1160 1170 1180 1190 1200

AAAGGTGCATATTAATGAATTTCTTCGTGGAGCATTTATCTCTCTGGGGAAAGGACACGGCTGAAGAGGCGCACAGGCACTATTGGGAGCTAACAGAGGGGAGAGGGGGGTGGTTTTCTT
1210 1220 1230 1240 1250 1260 1270 1280 1290 1300 1310 1320

TGGGGGGATGTTGCCCTCAGTAGGTACCCﬂTGCTCCAGTAnATGACACTACACCCTGTGGCACATGCAGGC&GCTCTAATGCAGACTCAGTGGGAAGTTGGGMGGCATACATGTTGGGGG
1330 1340 1350 1360 1370 80 1390 1400 1410 1420 1430 1440

ACATCTGTCACGGGGCTTGGAAAGACAAGTGAGGGTCTGATCAAAACCTGCTGTTTACATTTTCAAAGAATAAAITAAAAAATTATGCTAAAAAACCCCCCCCCCCCCE
1450 1460 1470 1480 1490 1500 1510 1520 1530 1540

FIGURE 6: Nucleotide sequence and deduced amino acid sequence of rat MCH determined from clone 43H09 cDNA. The boxed regions indicate
those residues identified by amino acid sequencing of MCH peptides. The consensus polyadenylation sequence AATAAA, located 14 bases

upstream from the poly(A) tail, is also boxed.

FIGURE 7: Northern blot sizing of MCH mRNA. Glyoxalated PRMG
mRNA was electrophoresed on 1% agarose, transferred to Genescreen
membrane, and hybridized to nick-translated clone 43H09 cDNA
insert in 5 X SSC at 65 °C. Glyoxalated HindIII/EcoRI A DNA
fragments were used as size markers.

DNA Sequencing of Clone 43H09 ¢DNA Insert. The
1550-bp cDNA insert of clone 43H09 was subcloned into M13

vectors according to the strategy shown in Figure 5 and se-
quenced by using the dideoxy chain-termination method
(Sanger, 1977). The complete nucleotide sequence of the
c¢DNA and the derived amino acid sequence are shown in
Figure 6. Confirmation that the cDNA codes for MCH was
provided when matches (boxed sequences in Figure 6) were
found in the derived amino acid sequence for the MCH pep-
tides FIFDKPSK, WGQK, NYIAK, DIEG, MEPLH, IND-
SL, and VLN(?)LYQN. In addition, an 11 amino acid mixed
peptide was resolved by DNA sequencing, to give the sequences
DIEGWQDLTSG and LMKPDNENFIK. All these se-
quences were found in a single open reading frame which was
defined by a translational stop codon (TGA) at nucleotide
1106, together with an ATG at nucleotide 317, with no al-
ternative upstream translational start codons. This gives rise
to a translation product of 263 amino acids with a molecular
mass of 29300 Da. This is in agreement with the apparent
M., of 29000 determined for MCH from SDS-PAGE and
confirms also that MCH is not made in a precursor form.
Correct assignment of the coding sequence was further con-
firmed by the close match of the derived amino acid compo-
sition with a previously published MCH composition (Libertini
& Smith, 1978) (data not shown). Assignment of the coding
region determined that clone 43H09 had a 310-nucleotide
5’-untranslated region and a 3’-untranslated sequence of 423
nucleotides, in which the transcription termination signal
AATAAA (Proudfoot & Brownlee, 1976) was located 14
bases upstream of the poly(A) tail.

Northern Blot Analysis. To determine the size of MCH
mRNA, a Northern blot of PRMG poly(A)+ RNA was
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FIGURE 8: Comparison of the amino acid sequences of rat MCH and duck medium-chain thioesterase. The two sequences have been aligned
via the proposed active site region, FGHSFGS (residues 98—-104). Homologous residues are enclosed in boxes; conservative substitutions are

enclosed by broken lines.

probed with nick-translated clone 43H09 cDNA insert. Figure
7 shows specific hybridization to a mRNA of 1500 nucleotides,
demonstrating that, within the accuracy of this technique, the
1550-bp cDNA insert of clone 43HOQ9 represents a full- or
near-full-length copy of the MCH gene.

DiscussION

MCH cDNA clones were identified from a pregnant rat
mammary gland library by screening with oligonucleotide
probes derived from MCH amino acid sequence data. By
screening with two oligonucleotide probes based on two distinct
peptides, irrelevant clones, which fortuitously hybridize to
either one of the oligonucleotides, were eliminated. Thus, the
six putative MCH clones, identified initially by hybridization
to both the 17-mer and 14-mer oligonucleotide probes, were
all subsequently found, by restriction analysis and Southern
blotting, to be derived from a common mRNA. Confirmation
of identity was obtained, for the longest cDNA clone (43H09),
by hybrid-select translation and matching of translated nu-
cleotide sequences with amino acid sequence data obtained
from MCH peptides. Northern blot analysis revealed the size
of the MCH mRNA to be ~ 1500 nucleotides, and therefore
the 1550-bp cDNA of clone 43H09 represents a full- or
near-full-length clone of MCH. The 263 amino acid open
reading frame of clone 43HO09 gives rise to a polypeptide of
29300 Da. This is in agreement with the apparent M, of
29000 determined for the protein on SDS-PAGE and is also
consistent with the finding, from in vitro translation studies,
that MCH is not synthesized in a precursor form. The coding
region is flanked by a 310-nucleotide 5’-untranslated sequence
and a 423-nucleotide 3’-untranslated region, the latter con-
taining the transcription termination signal AATAAA
(Proudfoot & Brownlee, 1976) 14 bases upstream from the
poly(A)+ tail.

The first AUG triplet in MCH mRNA is the initiator co-
don, in agreement with the scanning model proposed for in-
itiation of translation in eucaryotes (Kozak, 1984). In addition,
the highly conserved purine A is observed at position -3 from
the initiator AUG, although the -5 to +1 sequence of ACA-
GA(AUG)G has only three nucleotides in common with the
proposed consensus sequence CCACC(AUG)G (Kozak,
1984).

Recently, the cDNA sequence encoding the medium-chain
S-acyl fatty acid synthetase thioesterase from the uropygial

gland of the mallard duck has been reported (Poulose et al.,
1985). The size of the duck thioesterase mRNA was estimated
at 1350 nucleotides, and an ~1150-bp cDNA, lacking some
of the 5’-untranslated region but containing all the coding
region, was cloned and sequenced.

Comparison of the deduced amino acid sequences of the rat
and duck medium-chain thioesterases reveals significant
homology (Figure 8). In particular, the sequence surrounding
the proposed active serine of the duck thioesterase, namely,
FGHSFGS, is found to be perfectly conserved in the rat
thioesterase (residues 98-104). Alignment of the two se-
quences via the proposed FGHSFGS active site results in the
rat enzyme having an additional 11 amino acids at the N-
terminus and 1 extra C-terminal residue. The overall level
of homology is 40%, which is increased to 51% if allowance
for conservative substitutions (E/D, R/K, I/L/V) is made.
Other notable regions of homology include the perfectly
conserved LICFPWAGG sequence (residues 29-37) and an
eight out of nine match, LPG-HFYLM (residues 233-241).
Overall, the two enzymes have broadly similar amino acid
compositions, both being highly hydrophobic. One interesting
difference, however, is in the cysteine content. Thus, the rat
thioesterase contains three C residues, two of which are con-
served in the duck enzyme, but the latter contains an additional
five C residues, four of which are located in close proximity
at the N-terminus of the molecule. It has been shown (Wi-
towski & Smith, 1985) that modification of a single cysteine
thiol of the rat thioesterase inhibits functional interaction with
rat fatty acid synthetase. It has been inferred (Witowski &
Smith, 1985), from affinity chromatographic studies, that this
interaction is not as strong as the thioesterase—fatty acid
synthetase interaction in the mallard duck, and one could
speculate that the additional cysteines of the duck thioesterase
are involved in promoting the apparently stronger binding in
this system.

Comparison of the rat MCH active center sequence with
the active serine sequences of other thioesterases and acyl-
transferases reveals a high degree of homology (Table I).
Another intriguing comparison is with the active serine se-
quences of lipases, enzymes that are known to hydrolyze fatty
acid thio esters. Table I shows that considerable homology
exists between rat MCH and rat {Docherty et al., 1985) and
porcine (Guidoni et al., 1981) lipase active site sequences.

When the complete amino acid sequence of the rat fatty acid
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Table I: Comparison of the Active Center Sequence of Rat MCH
with Those from Other Thioesterases, Acyltransferases, and Lipases®

rat MCH (this paper) GHSFGS

duck medium-chain thioesterase GHSFGS
(Poulose et al., 1985)
goat FAS malonyltransferase S FGA

(Mikkelsen et al., 1985)

goat FAS malonyltransferase (Mikkelsenetal, G H S L G E
1985)

yeast FAS malonyltransferase GHSLGE
(Engeser et al., 1979)

yeast FAS acetyltransferase
[Scheweizer quoted in Mikkelsen et al.

(1985)]
rat lingual lipase (Docherty et al., 1985) GHSQGT
porcine pancreatic lipase GHSLGS

(Guidoni et al., 1981)
2The sequences are aligned via the active serine (arrow).

synthetase thioesterase domain becomes available, it will be
of interest to compare the overall homology with that of the
medium-chain thioesterase. The two thioesterase functions
are of a very similar size, and one might predict that they arise
from common ancestry and would thus show a reasonable level
of homology. However, antibodies raised against both intact
rat fatty acid synthetase and the proteolytically cleaved
thioesterase fragment do not cross-react with rat medium-chain
thioesterase (Libertini & Smith, 1978).

MCH is known to be specifically localized in the epithelia
of rat mammary gland (Nolin et al., 1982). The availability
of cDNA probes should enable investigations into the nature
of the regulatory elements involved in this tissue-specific ex-
pression. It will also permit studies at the transcriptional level
into the origin of the hormonally induced increases in MCH
levels that are observed during mammary gland development.
Thus, it should be possible to determine if an increase in MCH
transcription per se occurs, as part of a differentiation event,
or if the increased MCH levels found in the gland result
primarily from a hormonally induced proliferation of the ep-
ithelial cell type, as has been proposed (Nolin et al., 1982).
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