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Abstract

Blattella germanicahas two cytosolic 3-hydroxy-3-methylglutaryl coenzyme A (HMG-CoA) synthase genes, HMG-CoA syn-
thase-1 and -2. HMG-CoA synthase-1 gene shows several features of processed genes (retroposons): it contains no introns but ha
a short direct-repeat sequence (ATTATTATT) at both ends. An atypical feature is the presence at both ends of the gene of short
inverse repeats flanked by direct repeats. There is neither a TATA box nor a CAAT box il thgi@dn. Comparative analysis
with other species suggests that the HMG-CoA synthase-1 gene derives from HMG-CoA synthase-2. Cultured eBilggaomian-
ica UM-BGE-1 cells express HMG-CoA synthase-1 but not HMG-CoA synthase-2, suggesting that the intron-less gene is functional.
In addition, it can complement MEV-1 cell line, which is auxotrophic for mevalonate. We show that compactin and mevalonate
do not significantly affect the mRNA levels of HMG-CoA synthase-1 in UM-BGE-1 cells. Compactin induces a 6.7-fold increase
in HMG-CoA reductase activity, which is restored to normal levels by mevalonate. HMG-CoA synthase activity is not modified
by either of these effectors, suggesting that the mevalonate pathway in this insect cell line is regulated by post-transcriptional
mechanisms affecting HMG-CoA reductase but not HMG-CoA synthds2001 Elsevier Science Ltd. All rights reserved.
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1. Introduction trophic cycle,Blattella germanica3-hydroxy-3-methyl-
glutaryl coenzyme A (HMG-CoA) synthase and HMG-
Enzymes CoA reductase activities change more than 10-fold in
3-Hydroxy-3-methylglutaryl Coenzyme A synthase corpora allata and fat body, and peak activities corre-
(E.C. 4.1.3.5) spond to maximum rates of JH and vitellogenin, respect-
3-Hydroxy-3-methylglutaryl Coenzyme A reductase ively (Casals et al., 1996; Couillaud and Feyereisen,
(E.C. 1.1.1.34) 1991; Feyereisen and Farnsworth, 1987).

Since insects lack squalene synthase and lanosterol The regulation of HMG-CoA reductase and cytosolic
synthase (Beenakkers et al., 1985), they cannot produceHMG-CoA synthase expression is best understood in
cholesterol de novo. However, their mevalonate pathway mammals, in the context of cholesterol synthesis. The
leads to specific isoprenoids such as juvenile hormonestwo genes are subject to multivalent feedback sup-
(JHs), which have a critical role in the maintenance of pression mediated by sterols and non-sterol substances
the larval form and in vitellogenesis. During the gonado- derived from mevalonate either by transcriptional or

post-transcriptional mechanisms (Goldstein and Brown,
—_— 1990; Wang et al., 1994). Nevertheless, the non-sterol

* Corresponding author at: Area de Bidquica i Biologia Molecu-  meyalonate inhibitor is still unknown (Petras et al., 1999;
lar, Universitat Internacional de Catalunya, Hospital Genn_eral de Cata- Peffley and Gayen, 1997).
lunya, C/Gomera s/n, 08190 Sant Cugat del Valles, Spain. ¥& - ' L.
93-504-20-15; fax:+34-93-504-20-01. In insects, regulation of HMG-CoA reductase activity

E-mail addressncasals@csc.unica.edu (N. Casals). by mevalonate has been shown in an establishedo-
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phila cell line (Kc cells), which neither synthesized nor
required cholesterol for growth (Silberkang et al., 1983).
In Kc cells, HMG-CoA reductase activity was not affec-
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packed with Gigapack Il Gold extracts (Stratagene)
yielding a titer of 16 plaque-forming units (pfu)/ml.
Construction ofB. germanicaCharon 35 library: 9—

ted by cholesterol. However, mevalonate and compactin,20 kb fragments oB. germanicagenomic DNA partially

a competitive HMG-CoA reductase inhibitor, respect-

digested withEcoR were ligated to previously purified

ively suppress or increase HMG-CoA reductase activity arms of Charon 35. The recombinant phages were

(Brown et al., 1983), indicating that a decrease in a pro-

packed with Gigapack Il Gold extracts (Stratagene)

duct of the mevalonate pathway probably serves as ayielding a titer of 16 plaque forming units (pfu)/ml.

signal to increase HMG-CoA reductase activity.

Our group has reported the cloning and characteriz-

ation of HMG-CoA reductase cDNA (Martez-Gonza

In total, 400,000 pfu of each library were screened in
LE392 host cells using\BgST-11 as a probe. The
screening produced one positive clone in each library,

lez et al., 1993a) and two cytosolic HMG-CoA synthases called respectivelyA\S1-13 andAS1-14. The positive

cDNAs from the German cockroacB. germanica
HMG-CoA synthase-1 (Manmez-Gonzkez et al,

1993b), and HMG-CoA synthase-2 (Buesa et al., 1994).

phages were purified by two additional rounds of plaque
screening and then amplified.

Other genes of the mevalonate pathway reported in2.3. DNA sequencing

insects are HMG-CoA reductase @rosophila mel-
anogaster(Gertler et al., 1988), farnesyl diphosphate
synthase and HMG-CoA reductase of the mAdrotis
ipsilon (Castillo-Gracia and Couillaud, 1999; Duportets
et al., 2000). The physiological significance of the occur-
rence of two cytosolic HMG-CoA synthasesBn germ-
anicais unknown.

We now show thaB. germanicaHMG-CoA synthase-

Genomic DNA clones were subcloned into
pBluescript vectors (Stratagene) and sequenced by the
dideoxy-nucleotide chain termination method with modi-
fied T7 DNA polymerase (Stratagene).

2.4. Sequence alignments and comparisons

1 is an intron-less gene that encodes an active enzyme For comparative purposes, in addition to the sequence

able to support the mevalonate pathway.

2. Materials and methods
2.1. Materials

The oligonucleotides used in PCR-RACE experi-

studied in the present papds.(germanicaHMG-CoA
synthase-1, GenBank accession number P54961), we
used the previously published complete amino acid
sequences of HMG-CoA synthase of the following spec-
ies (GenBank accession number in parentheBisper-
manica HMG-CoA synthase-2 (P54870)}rabidopsis
thaliana (Mouse-ear cress) (P54873%accharomyces
cerevisiae (Baker's yeast) (P54839)Schizosaccharo-

ments and in the construction of a reading-frame cassettemyces pombéFission yeast) (P54874)allus gallus

were synthesized by Amersham (Amershaniritize

(Chicken) (P23228), Cricetulus griseus (Chinese

Madrid, Spain). Radioactive compounds were obtained hamster), cytoplasmic (P13704yjesocricetus auratus

from Amersham. The pCMV-2 eukaryotic expression
vector was a gift from Dr M. Stinsky (Department of
Microbiology, School of Medicine, University of lowa).
The CHO-derived Mev-1 cells were a gift from Dr M.
Sinensky (Eleanor Roosevelt Institute, Denver, CO).
UM-BGE-1 is aB. germanicacell line kindly provided
by Dr T. J. Kurtti (Department of Entomology, Univer-
sity of Minnesota). Clon@aBgST-11 contains the longest
HMG-CoA synthase-1 CDNA fromB. germanica
(Martinez-Gonzkez et al., 1993b). Acetoacetyl-CoA and
acetyl-CoA were from Sigma (St Louis, MO). [1-
14C]acetyl-CoA was from ICN (Irvine, CA).

2.2. Construction and screening of B. germanica
genomic libraries

Construction of B. germanica ADashll genomic
library: 9-25 kb fragments oB. germanicagenomic
DNA partially digested with Sau3A were ligated to
ADasHl/BanH| arms (Stratagene, La Jolla, CA) and

(Syrian hamster), cytoplasmic (LO0334lus musculus
(Mouse), mitochondrial (P54869)Rattus norvegicus
(Rat), cytoplasmic (P17425R. norvegicus mitochon-
drial (P22791), Sus scrofa (Pig), mitochondrial
(002734),Homo sapiensmitochondrial (P54868)H.
sapiens cytoplasmic (Q01581). We have also included
in our analyses the CG4311 gene product of the fruit fly,
D. melanogasterwhich has been proposed as a putative
HMG-CoA synthase (Q9V7NS8).

Software from Genetics Computer Group (GCG, ver-
sion 9.1), University of Wisconsin (Devereux et al.,
1984) was used for sequence analysis. Sequence align-
ments were carried out with PILEUP and were not
further hand-refined. Percentage similarity and percent-
age identity between sequences were estimated using the
application BESTFIT. Parsimony analyses were carried
out with the Phylogeny Inference Package (PHYLIP,
version 3.57c¢) (Felsenstein, 1995), using amino acid
sequences (PROTPARS program) (Swofford and Olsen,
1990). Bootstrap analyses were carried out with the
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application SEQBOOT in the PHYLIP package, and the
procedure was repeated 100 times.

2.5. Expression of B. germanica HMG-CoA synthase-1
in Mev-1 cells

HMG-CoA synthase-1 was transfected in Mev-1 cells,
which are defective CHO mutants cells for cytosolic
HMG-CoA synthase (Schnitzer-Polokof et al., 1982).
Mev-1 cells were first cultured in Hams F12 medium
supplemented with 5% fetal calf serum (FCS) and 430
mM of mevalonate. The cDNA clone of HMG-CoA syn-
thase-1 (Mafinez-Gonzkez et al., 1993b) was digested
with appropriate restriction enzymes and the fragment
isolated, which contained the’ Segion, the coding
region and a fragment of the 3egion, was subcloned
into a pCMV-2 expression vector previously linearized
with the same enzymes. The new plasmid, pCMV-
HMGS1lex, was used to perform stable transfection of

Mev-1 cells by the standard calcium phosphate method,

and a stable revertant cell line (Mev-HMGS1) was estab-
lished as described previously for the second HMG-CoA
synthase (Mev-HMGS?2) fronB. germanica(Buesa et
al., 1994).

2.6. UM-BGE-1 cell culture

UM-BGE-1 cells were grown in suspension at room
temperature. The medium was L15 (GIBCO, Grand
Island, NY) modified as recommended by Munderloh
and Kurtti (1989); the pH was adjusted to 6.5 with
NaOH and the medium was complemented with 5% of
fetal bovine serum (GIBCO), 10% tryptose phosphate
broth (Difco, Detroit, MI), 10ug/ml cholesterol (Sigma)
and 50ug/ml gentamicin (GIBCO).

2.7. Compactin and mevalonate treatment of UM-
BGE-1 cells

Cells were plated at a density okB0® cells per ml.
The experiments began 24 h after transferring the cells.
Compactin (Sigma) was added at different concen-
trations in some plates for 24 h. In other plates, after
the treatment with compactin cells were washed twice
in medium and treated with 10 mM mevalonate for 24
h. Cells were collected by centrifugation at 180@r
10 min.

2.8. Northern-blot

Samples (1Qug) of total RNA from UM-BGE-1 cells
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0.1xSSC/0.5% SDS at 88 and placed in contact with
X-ray film.

2.9. PCR-RACE conditions for determination of
transcription start point

The transcription start point was determined by RACE
(rapid amplification of cDNA ends), as described by
Mizobuchi and Frohman (1993). The reverse transcrip-
tion was performed on fg of B. germanicapoly (A)*
RNA primed with 3-CGACTGACGACGGTGAGA-
CACAG-3, a reverse primer located at position 267—
245 on HMG-CoA synthase-1 cDNA. A poly (A) string
was added with nucleotide terminal transferase
(Amersham) and the cDNA was primed with the forward
35-mer primer 5CCTCCCTGTCCGTGCAGA-3
located at position 233-211 on the cDNA. The amplifi-
cation product was subcloned in Bluescript by digestion
with Xhd enzymes, and seven independent clones
were analyzed.

2.10. Assay of HMG-CoA synthase and reductase
activities

UM-BGE-1 cells were collected by centrifugation,
washed twice in PBS and re-suspended in a buffer com-
posed of 100 mM sucrose, 40 mM,IKPO, pH 7.2, 30
mM EDTA, 50 mM KCI, 10 mM PMSF, 0.25% (v/v)
Triton X-100 and 10 mM DTT. Two aliquots were
assayed in parallel and the protein content before the
assay was determined. HMG-CoA reductase activity was
determined in UM-BGE-1 cultured cells by the radio-
metric method described by Goldstein et al. (1983). The
assay was performed with 1Q@ of protein for 40 min;
in these conditions the assay was linear and the substrate
consumed was less than 5%. One unit of HMG-CoA
reductase is defined as the amount of the enzyme that
converts 1 nmol HMG-CoA into mevalonate in 1 min
at 37C.

HMG-CoA synthase activity was determined by the
radiometric method described by Clinkenbeard et al.
(1975), as modified by Gil et al. (1986a). The enzymatic
activity was measured as incorporation of'fGlacetyl-
CoA into HMG-CoA at 30C in 30 min. The reaction
was initiated by adding 10Qg of protein to a reaction
mixture (final volume 200ul) composed of 100 mM
Tris—HCI, 1 mM EDTA, and 2QuM of acetoacetyl-CoA
and 200uM acetyl-CoA (specific activity between 4000

were subjected to agarose-gel electrophoresis and Northand 8000 cpm/nmol). Radioactivity was counted in a

ern transfer. The RNA was fixed to Nytran filters by u.v.
at 254 nm for 2 min at 12 cm. After 6 h pre-hybridiz-
ation, hybridization was carried out with the cDNA of

cocktail containing 67% toluene, 33% Triton X-100, and
0.56% PPO (v/viw). One unit of HMG-CoA synthase
is defined as the amount of enzyme that catalyzes the

the gene of interest as a probe. Filters were washed information of 1umol HMG-CoA per minute.
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3. Results and discussion Fig. 2A shows the sequence of 832 bp of thdlank-

ing region of the HMG-CoA synthase-1 gene, and Fig.
3.1. Isolation and characterization of a DNA clone for 2B shows the untranslated 8gion and 187 bp of the
B. germanica HMG-CoA synthase-1 3’ flanking region. The transcription start sites were

determined by PCR-RACE analysis. Three different

The screening of the two genomic libraries frdin sites were obtained. The most abundant transcription

germanica using theABgST-11 cDNA clone of HMG-  start site was considered asl. The sequence
CoA synthase-1 (Mamez-Gonzkez et al., 1993b) as a ATCATTC at —17 bp (heavily underlined in Fig. 2A)
probe, isolated two overlapping genomic cloneS]1-13 is identical to the consensus for the transcription start
andAS1-14. A Southern blot of these fragments showed site of many genes iD. melanogaste(Hultmark et al.,
that whileAS1-13 (8 kb) was truncated in thé Region, 1986). Analysis of the 5flanking region showed several
AS1-14 (13 kb) contained the whole coding region and sequences homologous to those recognized by several
additional 3 and 3 flanking regions (Fig. 1). The known transcription factors. Among them, the consensus
restriction map of the coding region of the gene for sequence of the transcription factors AP-1 (Lee et al.,
HMG-CoA synthase-1 coincided with that described for 1987), AP-2 (Williams and Tijan, 1991), E1A-F
the cDNA (Martnez-Gonzkez et al., 1993b). Sequen- (Higashino et al., 1993) and a long sequence of A and
cing of the EcoR—-EcoR fragment showed that the T (marked in brackets in Fig. 2A) that binds to different
coding region of the genomic DNA was colinear to the homeotic proteins were also found (Biggin and Tijan,
MRNA, i.e. that the gene for HMG-CoA synthase-1 from 1989). In addition, the sequence GTCAGC (boxed by
B. germanicadoes not contain intron®. germanicais numberg in Fig. 2A) at+24 bp is identical to the major
the only animal system in which two putative cytosolic late promoter of adenovirus type 2 (Carthew et al., 1985)
HMG-CoA synthases have been reported. We had shownand also to a footprint of the hamster HMG-CoA
previously that HMG-CoA synthases-1 and -2 are reductase promoter (Reynolds et al., 1984). Neither the

present inB. germanicaas single-copy genes (Margz- sterol response element (SRE), nor a TATA box, nor a
GonZaez et al., 1993b; Buesa et al., 1994). Our prelimi- CAAT box was found.
nary data on the genomic structure Bf germanica In addition, we found direct and inverse repeats at

HMG-CoA synthase-2 pointed to a gene spanning 20 to both ends of the gene. There is a perfect direct repeat
30 kb, with similar organization (unpublished data) to of 9 bp (ATTATTATT) located at—595, at—198 and
that of known vertebrate genes (Gil et al., 1986b). In +1671. There is also an imperfect direct repeat of 18 bp
this context, the finding that HMG-CoA synthase-1 is located at —605 and +1662. An inverse repeated
devoid of introns is surprising. There are no other HMG- sequence of 16 bp located -atl86 bp and+1656, which
CoA synthases inB. germanica as deduced by the is flanked by a direct repeat of 4 bp (TTAT). All these
relaxed screening of different cDNA and genomic sequences are indicated in Fig. 2A and B. The absence
libraries and experiments of Southern blot performed by of introns, the occurrence of short direct repeats in the

our group (data not shown). 5" and 3 regions of the gene and the remains of a poly-
A tail are hallmarks of retroposons (her et al., 1996;
LY Weiner, 1986). The fact that HMG-CoA synthase-1 fits

two of those hallmarks and that it is actively transcribed
support the hypothesis that HMG-CoA synthase-1 is a

HMGS-1 T ) |E T |“\/ H\(l(x 1 retrogene.
3.2. Comparative analysis with other species
A81-13 A4 The protein sequence of HMG-CoA synthase-1Bof
germanicais between 60 and 78% similar to that of
. other animal species. Maximal similarity was found with
\S144 1 TN NS the HMG-CoA synthase-2 of the same species (78%),
and then with the sequence frd melanogaste(76%).
s Percentages of similarity with vertebrate, and plants or

BGST11 (€DNA) N yeast sequences were lower (_between 72 and 74%, and
between 60 and 62%, respectively).

Fig. 1. Restriction endonuclease map of the HMG-CoA synthase-1  The PILEUP alignment of the HMG-CoA synthase-1

(HMGS-1) gene fronBlattella germanicaThe restriction map of the of B. germanicawith the sequences mentioned in Sec-

HMG-CoA synthase-1 gene deduced frov81-13 andAS1-14 gen- tion 2 tsh | high d f ti
omic clones was compared with that obtained from the BgST-11 ion 2 (not shown) reveals a high degree of conservation,

cDNA clone. $:Sacl; X=Xhol; E=EcoRI; HeHindill. The bold line  €Specially in the catalytic domain. A parsimony analysis
represents the coding region of the gene. carried out with the PILEUP alignment gave a dendrog-
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(A) -827 GAATTCA GCACTGGTGT GGAGTGAAGA
-800 ATCATATTCC TACCGACCAT 'I'GGCTCTGGA CTTTCTTTTA
-750 GTTGGCCAGT GTTTGAATTG TTCAGGAAAA CTGCAGACCA TGCAATCCAA
-700 CCATTCCTCA CTACCACTCG GTTTTTCAGA TGCAAAAACA ACAGAGATGA

1 3
-650 ATITGAGTAA] TAGCCCTAGC CTTAAATTAA cumA'IETAT
-600 TATTATTATT ATTATTAATA A_EL:TGCTGGT GGGAAGCATG GTCTGCAGTG
-550 TACCTGAAGC AGGATTCACA CCAGTATTTT TTTTTTAATT ATTGGGATAT
~500 ATATTAGTTC TATGTAATGC AGCATTAGAA ACATTATTTC ATGGACATGA
-450 AGCCAGGATC TCATACAGAA AGTCTATATC TAAACTTTCA CATGACTGTA
-400 ACAAGTGCCG AAAADAAAAGC TAAATGTAGG GCAAGTTTAC
-350 TAATCAAGTT TGCAGAAATT ATTAGCAGCT GCTTTTTTCA ACAGTGGGAA
-300 TAGTTTAACC TAAGACAACA CTTGTGAAAT TGAGGTTATG TCGTATTCAC
-250 CTGTGCTTCA GAAGGCCGCT ATGTTTTCAT
-200 CCATTATTAT GCTCTCGGGT TTAGCTACAA
-150 AGAACTAAAT CCTHACATCC GI'GAGTGACA AATTACCCTA AAACTCHTTA
-100 %‘I‘C CAAC GACTGTCGCC ATTGTGATCC em A TGGAACAGAA
-50 GAAAGTCGAA GGAATGGCAG GAATGCGGCC GCTATCATTC AACTGTTTTG
. 4 6 1

+1  TAGATCGTGT TTCGAGGTTR GGATGIFACG| CAAAGAGGGC ATGACTCERA
+51  GCTAGCAGTC TGTGCTCAGT CTGTCCTAAG ACGATG

(B) 1443 TGATGATG
1451 ATGCCGCCAC TAATGAAGTT TTACTCCTCA AGCTTTAAGT GACAGTTCCC
1501 TGTGCACTAC ACTCTTTGTC GGATGAACAC ACACCAAGGG ACTCTGTTTT
1551 AATGAACAGT AAGCTTGTCC GCATAGTTCA CACTGTAGCT GCCGATATTT
1601 TGTTGAGAGC TGCTATATAT TCTGATTTAT TCTTTTATTT AATAAAACAG

R, -

1651 ATTCATTTAA TTTTGTTATG ATTATTATIC TTGATGAACT TCTTTTTTTT
1701 ATAGGATATA GCCTCACACC TCTAAGGAGA TAAATTTTAG GGAAAATGTT
1751 GACATTGAAA TGTTTTCTGA ATGCCATTAG TGACTTCACA TTTCTCTTCT
1801 TTCTAATGTT GGAAAATTTT ATTTTAAATT TGCTGCAGGG AATTC

Fig. 2. Nucleotide sequence of thé &d 3 flanking regions of the HMGS-1 gene. 827 nucleotides of thdldking region (A) and the '3
untranslated region and 187 nucleotides of théahking region (B) of the gene are shown. The transcription start points are depicted by asterisks.
The sequence is numbered starting from the major transcription start site. The consensus sequence for the transcription Btartedétaagaster

and other insects is heavily underlined. Short (9 bp) direct repeats are superscripted with continuous arrows. Long (18 bp) imperfect (16/18 bp)
direct repeats are underlined with continuous arrows. Long (16 bp) inverted repeats flanked by 4 bp direct repeat are superscripted with broken
arrows. A seven (TTA) repeat is located at positio804 to —584 and it is a long part of a sequence (marked in the figure by brackets) that
binds different homeotic proteins (Biggin and Tijan, 1989). The first ATG of the protein is marked in boldface capital letters. At pas&en

two adenines are underlined and marked in boldface capital letters, as a possible remains of the poly A tail of the putative incorporated transcript.
The consensus sequences for the union of different transcription factors are boxed and marked as follows: 1, AP1 (activator protein 1); 2, inverted
AP1; 3, inverted AP2 (activator protein 2); 4, E1A-F (adenovirus E1A enhancer binding protein); 5, inverted E1A-F; 6, inverted footprint of the
hamster HMG-CoA reductase promoter.
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ram (Fig. 3) showing thaB. germanicaHMG-CoA syn- 3.3. HMG-CoA synthase-1 encodes for a functional
thase-1 clusters witB. germanicaHMG-CoA synthase-  HMG-CoA synthase
2, and both have the sequencelfmelanogasteas a
sister group. These relationships and the results of the The fact thatB. germanicahas two cytosolic HMG-
structural analysis suggest that the intron-less HMG- CoA synthases and that HMG-CoA synthase-1 is an
CoA synthase-1 gene derives from HMG-CoA synthase- intron-less gene with characteristics of a retrogene led
2. These results do not agree with the hypothesis of aus to analyze whether the encoded protein was func-
horizontal gene transfer. We suggest that HMG-CoA tional. The whole coding region and 140 bp of the 3
synthase-1 derives from HMG-CoA synthase-2 by retro- UTR were subcloned into the pCMV-2 eukaryotic
transposition. Moreover, the general dendrogram top- expression vector. The transfection of this cDNA in a
ology is congruent with the conventional phylogenetic CHO-derived cell line, Mev-1, which is a defective
schemes, and the bootstrap values are high in all nodesmutant for HMG-CoA synthase activity and auxotrophe
Using the plant A. thaliang as the sister group of all for mevalonate, produced colonies able to grow in the
other species, fungi (the yeas& cerevisiaeand S. absence of mevalonate. The new cell line was called
pombeé appear as the sister group of animals, as in other Mev-HMGS-1. When Mev-1 cells were transfected only
protein-based phylogenies reported recently (see, forwith the control plasmid and transferred to a medium
example, Doolittle et al., 1996). Animals are well without mevalonate, all the cells died in a few hours
grouped in insects and vertebrates. As expected, the(Fig. 4). This result demonstrates that HMG-CoA syn-
cytoplasmic and mitochondrial forms of the enzyme thase-1 is a functional protein. The same conclusion is
cluster separatedly in the vertebrate node, which sug-obtained with HMG-CoA synthase-1 gene expression in
gests that the separation of these forms occurred befordJM-BGE-1 cells (see below) and with HMG-CoA syn-
the splitting of the species. thase-1 overexpression iBscherichia coli(Cabd et
al., 1997). The differential expression pattern between

Arabidopsis synthase-1 and synthase-2 in the cockroach ovary (Buesa

Sus (Mc) et al., 1994)2 fat body (Casals et al., 1996) and during
100 the embryonic and larval development stages (Mat

100 Homo (Mc) GonZdez et al., 1993b) suggests that HMG-CoA syn-
100 thase-1 retrogene codes for a functional HMG-CoA syn-
Rattus (Mc)
—— Mus (Mc)
_ 98 Gallus (Cs) +
Mevalonate Mevalonate
100 Homo (Cs)
100| [ Rattus (Cs)
93 97 -I: Mesocricetus (Cs) Mev-1
100 Cricetulus (Cs)
— Drosophila
100 60 "I: Blattella 1
L Blattella 2 Mev-HMGS-1

[~ Schizosaccharomyzes

100 Saccharomyzes

Fig. 3. Parsimony analysis of the amino acid sequences of HMG- Fig. 4. Validation of HMG-CoA synthase-1 clone as a functional
CoA synthase available, using the plarabidopsis thalianaas out- eukaryote HMG-CoA synthase. A 1380-bp fragment of HMG-CoA
group. The analysis was carried out with the PROTPARS program synthase-1 containing the whole coding region was subcloned into
from PHYLIP package, from an alignment generated by the PILEUP pCMV-2 eukaryotic expression vector. Mev-1, a cytosolic HMG-CoA
program from the GCG package which was not further refined. Values synthase mutant CHO cell line, was transfected with this construction
from bootstrap analysis (100 replications using SEEQBOOT from and with the plasmid control. HMG-CoA synthase-1 restored the
PHYLIP package) are also indicated. Complete specific names and themutant phenotype as a result of a stable transfection. This new line,
corresponding GenBank accession numbers have been mentioned irMev-HMGS-1, grew in the absence of mevalonate, whereas Mev-1
Section 2. Cs and Mc mean cytoplasmic and mitochondrial, respect- transfected with control plasmid died in a few hours. Cells were stained
ively. with 0.1% methylene blue in 50% methanol.
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thase enzyme with specific physiological functions in  Fig. 6 shows that compactin, a competitive inhibitor
B. germanica of HMG-CoA reductase, increases HMG-CoA reductase
activity but not HMG-CoA synthase activity in UM-
3.4. HMG-CoA synthase-1, HMG-CoA synthase-2 and BGE-1 cells. HMG-CoA reductase specific activity in
HMG-CoA reductase gene expression in UM-BGE-1  cells grown in the presence of 0.Q@M compactin for
cells from B. germanica 24 h was 6.7 times higher than in untreated cells
(S.E.M(,-»=0.75). The addition of 10 mM mevalonate
Fig. 5 shows thaB. germanicaembryo cell line UM- for 24 h to UM-BGE-1 cells previously treated by com-
BGE-1 cells express HMG-CoA reductase and only the pactin rapidly decreased HMG-CoA reductase activity,
HMG-CoA synthase-1 gene, while mRNA from HMG- without affecting HMG-CoA synthase-1 activity.
CoA synthase-2 was undetectable in all treatments, indi- Table 1 shows HMG-CoA synthase and reductase spe-
cating that in these cells only the retrogene HMG-CoA cific activity in cells grown at different concentrations
synthase-1 supports the synthesis of HMG-CoA in the of compactin. Dialysis of the samples eliminated com-
mevalonate pathway. Fig. 5 also shows that neither com-pactin, an inhibitor of the HMG-CoA reductase activity.
pactin nor mevalonate modulates HMG-CoA synthase-1 Dialysis also eliminated the cation Mg from the
mMRNA levels. Moreover, compactin modestly increases samples so the HMG-CoA lyase activity was inhibited
(about 1.5-2 times) HMG-CoA reductase mRNA levels,
although mevalonate is unable to reduce them to the

initial level. HMG-CoA synthase activity
Compactin — + + 100
Mevalonate - - +
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o
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20 -
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ﬁ-actin — v Sl S Fig. 6. HMG-CoA reductase and HMG-CoA synthase activity in
UM-BGE-1 cells after stimulation with compactin or with compactin
plus mevalonate. UM-BGE-1 cells were incubated with QuO2com-
pactin for 24 h or with 0.02uM compactin for 24 h, and thereafter
Fig. 5. mRNA levels of HMG-CoA synthase-1, HMG-CoA synthase- with 10 mM mevalonate for 24 h. Protein extracts were assayed for
2 and HMG-CoA reductase in UM-BGE-1 cells after stimulation with HMG-CoA synthase and HMG-CoA reductase activities. HMG-CoA
compactin or compactin plus mevalonate. UM-BGE-1 cells’ @dlls synthase activity levels are indicated ipUnits (pmol HMG-
per plaque) were incubated with | 2M compactin for 24 h in some CoA/mg/min). HMG-CoA reductase activity levels are indicated in
cases or with 21M compactin for 24 h and thereafter with 10 mM  pUnits (pmol mevalonate/mg/min). The figure bars represent the mean
mevalonate for 24 h. 1Qg of total RNA was processed by Northern  of seven independent experiments. The SEM is also indicatetbrc
blot. The probes were the full-length cDNA in each case. The intensity trol samples; Cmcompactin-treated samples; @MWv=compactin-
of the blots was compared wifBractin mRNA. treated plus mevalonate-treated samples.
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Table 1
HMG-CoA synthase and HMG-CoA reductase activity in UM-BGE-1 cells grown at different concentrations of cofhpactin

Compactin um) HMG-CoA synthase (pmol HMG-CoA/min/mg) HMG-CoA reductase (pmol mevalonate/min/mg)
—dialysis +dialysis —dialysis +dialysis
- 75.7 89.3 3.2 3.5
0.002 61.3 92.6 10.3 5.7
0.02 83.3 91.8 25.1 18.4
0.2 74.8 120 15.7 22.2
2 88.6 81.9 1.8 17.5
20 70.0 83.9 0.2 18.6

a UM-BGE-1 cells were harvested 24 h after the addition of compactin. The protein crude extract was halved, and one of the portions was
dialysed 1:1000 against KIRO, 40 mM/KCI 50 mM/EDTA 30 mM for 24 h at 4C with three changes of buffer. Enzymatic activity was assayed
per duplicate in 10Qug of protein. The values shown in the table are the media of two independent experiments.
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