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Abstract

Comparison of the inferred amino acid sequenc®mfAF1736 of Archaeoglobus fulgiduso that of Pseudomonas
mevalonii HMG-CoA reductase suggested that AF1736 might encode a Class || HMG-CoA reductase. Following
polymerase chain reaction—based cloning of AF1736 forulgidusgenomic DNA and expression Escherichia coli

the encoded enzyme was purified to apparent homogeneity and its enzymic properties were determined. Activity
was optimal at 85C, AH, was 54 kJmol, and the statin drug mevinolin inhibited competitively with HMG-CoA

(K; 180 uM). Protonated forms of His390 and Lys277, the apparent cognates of the active site histidine and lysine of
theP. mevaloniienzyme, appear essential for activity. The mechanism proposed for catalpsimevaloniHMG-CoA
reductase thus appears valid farfulgidusHMG-CoA reductase. Unlike any other HMG-CoA reductase Ahfulgidus
enzyme exhibits dual coenzyme specificity. pH-activity profiles for all four reactions revealed that optimal activity using
NADP(H) occurred at a pH from 1 to 3 units more acidic than that observed using(NAIXinetic parameters were
therefore determined for all substrates for all four catalyzed reactions using eithefHjAD NADP(H). NADPH and

NADH compete for occupancy of a common sikg,[NAD (H)]/keal NADP(H)] varied from unity to under 70 for

the four reactions, indicative of slight preference for N&D. The results indicate the importance of the protonated
status of active site residues His390 and Lys277, shown by alkgzeghd k., values, and indicate that NA®I) and
NADP(H) have comparable affinity for the same site.

Keywords: archaeal oxidoreductase; HMG-CoA reductase; mevaldehyde; mevalonate; redox coenzyme specificity;
thermostable enzyme

Catalysis by HMG-CoA reductasge.C. 1.1.1.34 of Reaction(1), the four-electron reductive deacylation @)-HMG-CoA to the

isoprenoid precursofR)-mevalonate, proceeds in three stages, the first and third of which are reductive. The putative intermediates
mevaldyl-CoA and mevaldehyde remain enzyme-bound during the course of the reaction. HMG-CoA reductase also catalyzes Reactions
(2) and(3), two 2-electron reactions of free mevaldehyde that appear to model the third stage and the reverse of the second and first stages
of Reaction(1), respectively, and Reactidd), the four-electron oxidative acylation OR)-mevalonate tdS)-HMG-CoA, the reverse of
Reaction(1) (Bochar et al., 1999a
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fulgidus respectively.
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Genes that encode HMG-CoA reductase are ubiquitous in euResults
karyotes and archaea, and are present in some, but not all, eubac-
teria._AIthough prio'r invgstigations have establishe_d _th_e prObabl%emperature profile for catalysis of Reaction (1)
functions of an active site glutamate, aspartate, histidine, and ly-
sine that participate in a common mechanism of cataljdlang ~ Optimal activity was observed at85°C (Fig. 1). An activation
et al., 1990; Darnay et al., 1992; Darnay & Rodwell, 1993; Frim- €nergyAH, of ~54 kJ (13 kca) per mole was calculated from
pong & Rodwell, 1994; Tabernero et al., 1998; Bochar et al..the Arrhenius equation and the slope of a plot of dogs. YT
19999, only recently was it possible to infer from gene sequenced Fig. 1, insel. For convenience, subsequent assays were conducted
that there are two structural classes of HMG-CoA reductBesm-  at 50°C.
little & Logsdon, 1998; Bochar et al., 199pPAImost all prior
research has addressed the class | enzymes of higher vertebrates
that constitute the target for the inhibitory statin drugs employed to
control cholesterol biosynthesis in human subjects. The class Il
enzymes are, however, of no less medical interest. Genes that 7
appear to encode class Il HMG-CoA reductases are present in
several human pathogens, includiBgrrelia burgdorferi Entero-
coccus faecalisStaphylococcus aureuStreptococcus pyogenes
and Streptococcus pneumonidBochar et al., 1999b clinically
important organisms that are rapidly becoming resistant to the
armamentarium of available antibiotics.

The hyperthermophilic archaedmchaeoglobus fulgidys strict
anaerobe that inhabits hydrothermal environments and hot oil field-
production waters, grows chemotrophically on various carbon
sources or lithoautotrophically on hydrogen, thiosulfate, and car-
bon dioxide at temperatures as high as®@%Steen et al., 1997
The sequencerf AF1736 of A. fulgidus (Klenk et al., 1997
suggested that it might encode a class Il HMG-CoA reductase, the
first example of an archaeal class Il form of the enzyiBechar 11
et al., 1999h. Both for this reason and because the only previously
characterized class Il HMG-CoA reductase is the biodegradative 0
Pseudomonas mevalomhzyme(Gill et al., 1985, we employed
PCR to synthesizerf AF1736 DNA usingA. fulgidusgenomic
DNA as a template. Following expression and purification to ap- Temperature (°C)
parent homogeneity o. fulgidusHMG-CoA reductase, charac- ig. 1. Effect of temperature on activity. Catalysis of Reactidh usin
terization of its enzymic properties and kinetic parameters revealeﬁlng;H as coenzympe was conducted );t the ir¥dicated temperatureg under

its unique coenzyme specificity and implicated two ionizable ac-gtherwise standard conditions. Insert: Arrhenius plot of activity from 35 to
tive site residues as functional in a catalysis. 90°C.
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. Reaction 1 . 1 Reaction 2 . the same ionic form of the enzyme, activity was next assayed at the
s JA * z.lB S O same pH with either coenzyme. For each reaction studied, higher
z d1s E 5.l 08 § specific activities still were obtained using NAR) (Table 1.
=Y s =2 106 < For catalysis of Reactiofi) using either NADPH or NADH, the
2 1 2 2 il Jos4 2 principal determinant ok.,/Ky, as a function of hydrogen ion
:‘3 2r los 3 3 i loa & concentration wak., (Fig. 3). The variations in activity as a
; T < ; r T < function of pH shown in Figure 2 thus do not appear to reflect an
L < w of 10 o H 3
B B e T RO et alteredKy, for either NADPH or l\!ADH. The pH profiles b_oth of
pH pH keat and of keo/Ky do, however, implicate two groups wittKp
Reaction 3 ) values of about 6.5 and 9.5, whose deprotonation is accompanied
0,25 Reaction 4 _. by loss of activity.
O C ONENG) O
b 0.2r b 0.08*’0_ +D +D. . .
2 o g =) Kinetic parameters
= 015 40.06 é = %
"E, 01} low2 £ o Figures 4—7 show double reciprocal plots for the determination of
. 04c 5 £ .
> 3 S 2 Kw values for all substrates for all four catalyzed reactions. Table 2
< 0.05} 1002 & < . . . .
p: P < summarizes these data and includes a comparison totivalues
°k .., . q0 @ @ for the class Il HMG-CoA reductase &. mevaloniiand to the
5 6 7 8 9 10 11 12 5 6 7 8 9 10 11 12 . .
pH pH class | Syrian hamster enzyme. Apart from #g for NADH in

Reaction(2) and for coenzyme A in Reactidi3), Ky values were
Fig. 2. Effect of hydrogen ion concentration on activity. The indicated 2) y aB), Kw

reactions were assayed at the indicated pH values under otherwise standé}ﬁnera”y hlgh_gr for thé. fulgidusenzyme than for either hamster
conditions using either NADfM) (®) or NAD(H) (O) as coenzyme. S.As or P. mevaloniiHMG-CoA reductase.

specific activity. Assays were conducted in 200 mM KCI, 100 mMPIO;,

100 mM Tris HCI adjusted to the indicated pH values. Reaction(1), i ;

reductive deacylation of HMG-CoA to mevalonatg. Reaction(2), re- Competition between nucleotide coenzymes

duction of mevaldehyde to mevalona:. Reaction(3), oxidative acyla-  \We suspected that NADH and NADPH occupy the same site on
tion of mevaldehyde to HMG-Co/D: Reaction(4), oxidative acylation of the enzyme. If so, the two coenzymes should compete with one
mevalonate to HMG-CoA. . ' )
other. Reactior{2), the reduction of mevaldehyde to mevalonate,
a reaction for whichV,,o, using NADH is about 10 times that
using NADPH, was selected for study to permit a clear distinction
. ] between catalysis using NADH or NADPH. The experiment em-
Coenzyme specificity and pH profiles for ployed a constant concentration of NADPH and variable concen-
catalysis of all four reactions trations of NADH. Under these conditions, NADPH indeed behaved

The ability ofA. fulgidusHMG-CoA reductase to use either NADPH s a classic competitive inhibit¢Fig. 8).
or NADH as cosubstrate for catalysis of Reacti@hat pH 7 was
initially detected using crude enzyme preparations. Both coentnhibition by mevinolin

zymes also function as a coenzyme for the catalysis of all fourStatin drugs are competitive inhibitors of HMG-CoA reductase
re_actions_at significant rates, b_ut at different pptimal pH_ values.activity (Bochar et al., 1999aAs anticipated, catalysis of Reac-
Figure 2 |Ilust.rates. the pH profiles for catalysis of Reactighs tion (1) was inhibited by the statin drug mevinolin. Inhibition was
through(4) using either NADRH) or NAD(H) as coenzyme. For competitive with respect to HMG-CoA with &; of 0.18 mM

all four reactions, activity was optimal at a more acidic pH using riq ‘g 4 value similar to that for the class Il HMG-CoA reductase
NADP(H). The differences were most pronounced for Reactions ¢ 5 \evaloniirather than to the 5-15 M, typical of a class |
(1) and(4), for which the pH optima differ by about three pH units. HMG-CoA reductaséBischoff & Rodwell, 1996.

Clearly, NAD(H) was not only an effective coenzyme, but based

on specific activity values was preferred over NAM®H. This Discussion

conclusion, however, compares activity at quite different hydrogen

ion concentrations, and hence, for different ionic forms of theltis essential for activity that two ionizable groups witk pvalues
enzyme. To permit comparison of NABl) and NADRH) using  of about 6.5 and over 9 are in their protonated states. We propose

Table 1. Activity of A. fulgidus HMG-CoA reductase using NAD(H) or NADP(H) as coenzyme

Specific activity Specific activity
Reaction pH (eu/mg) using NAD(H) (eu/mg) using NADRH)
(1) HMG-CoA — mevalonate 7.0 2.1 0.36
(2) Mevaldehyde— mevalonate 7.0 6.7 0.25
(3) Mevaldehyde—» HMG-CoA 8.0 0.13 0.055
(4) Mevalonate— HMG-CoA 8.0 6.3 0.27

aAll assays employed the same enzyme preparation, the indicated pH, and were conducted on the same day.
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Fig. 3. Effect of hydrogen ion concentration on kinetic parameters for ReadfipnShown are the pH-dependent profiles of

(A) Keatnapph) (@) andkeaynaoeH)/Kunaopr) (B), and(B) Keagnaon) (O) andKeaynaon)/Kmnaow) (O). All assays employed saturating
concentrations of HMG-CoA.

that these are His390and Lys277%, the apparent cognates of the CoA reductase at the same site may be inferred from the ability of
active site residues His38&and Lys26% of P. mevaloniiHMG- each coenzyme to act as a competitive inhibitor of the other during
CoAreductase that have established functions in catalipsisnay  catalysis of ReactiofR). A preference for NADH) notwithstand-

et al., 1992; Bochar et al., 1999d/Ve further propose that the ing, A. fulgidusHMG-CoA reductase would appear to be a true

mechanism proposed for catalysisRfmevaloniiHMG-CoA re- biosynthetic enzyme. This may be inferred from its ability to use
ductasg Tabernero et al., 1998s valid for A. fulgidusHMG-CoA NADPH, the presence in archaeal membranes of mevalonate-
reductase. derived isoprenoid lipidéde Rosa et al., 1986and the existence

Despite wide differences in kingdom, ecological niche, and bi-of A. fulgidusDNA that encodes a putative mevalonate kinase.
ologic function in their host organism, the HMG-CoA reductasesOther oxidoreductases that use either NABIP or NAD(H) in-
of A. fulgidusand P. mevaloniishare 61% amino acid identity. cludeL-glutamate dehydrogenasblaulik & Ghosh, 1986; Con-
Although among characterized HMG-CoA reductases only thessalvi et al., 1991a, 1991pisocitrate dehydrogenag®anson &
two enzymes use NA[H), their abilities to discriminate against Wood, 1984; Leyland & Kelly, 1991 glucose 6-phosphate de-
NADP(H) differ by almost five orders of magnitude. For catalysis hydrogenaséBen-Bassat & Goldberg, 1980; Anderson & Ander-
of Reaction(1), [Kear/Kmnap)l/[Keat/Kmnappy] is 6.3 forA. fulgi- son, 1995 6-phosphogluconate dehydrogend&en-Basset &
dus HMG-CoA reductase, but is 5.5 10° for the P. mevalonii  Goldberg, 198§ aldose reductasgNeuhauser et al., 1997bili-
enzyme(Table 3. That both coenzymes bindl. fulgidusHMG- verdin 1Xa reductaséMaines et al., 1996 and the liver alcohol
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Fig. 4. Catalysis of Reactiofil), the reductive deacylation of HMG-CoA. Double-reciprocal plots for the effect of HMG-CoA and of
coenzyme concentration. The NADPH- and NADH-dependent reactions were conducted at pH 6 and 9, respeckiv(y-CoA
concentration was varied as shown using 0.5 mM NAO®Hor 0.5 mM NADH (O). B: The concentration of NADPIi®) or NADH

(0) was varied as shown using 2.0 MM HMG-CoA.
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Fig. 5. Catalysis of Reactior{2), the reduction of mevaldehyde. Double-reciprocal plots for the effect of mevaldehyde and of
coenzyme concentration. The NADPH- and NADH-dependent reactions were conducted at pH 6 and 7, respedtiesigidehyde
concentration was varied as shown using 0.5 mM NAD@H or 0.5 mM NADH (0). Specific activity values using NADH were
multiplied by 10 to allow representation on the same graph as NABPHhe concentration of NADPIi®) or NADH (0) was varied

as shown at a fixed concentration of 120 mM mevaldehyde.

dehydrogenase of tro¢Tsai et al., 198Yand pickerelal-Kassim et al., 1998, and mutagenic studies have established that Asp146
& Tsai, 1993. With the exception of fish liver alcohol dehydrog- is indeed a major determinant of nucleotide coenzyme specificity
enase, coenzymky, values are an order of magnitude or more (Friesen et al., 1996 Sequence alignments implicate Aspt &2
lower for NADP(H) than for NAD(H), suggesting a preference for A. fulgidusHMG-CoA reductase as the apparent cognate of Asp146
NADPH. The HMG-CoA reductase &. fulgidus thus, is among consistent with the ability of tha. fulgidusenzyme to use NALH),
a mere handful of oxidoreductases, and the only HMG-CoA re-but suggesting that it should discriminate against NABR De-
ductase, for which th&y, is essentially the same for either spite the 61% structural identity between fRemevaloniiand A.
coenzyme. fulgidusenzymes, the ability oA. fulgidusHMG-CoA reductase
The ability to use both NADH) and NADRH) was entirely  to accommodate both forms of the coenzyme suggests, however,
unexpected. Crystal structures Bf mevaloniiHMG-CoA reduc-  that significant differences in the coenzyme binding site may be-
tase revealed that Aspldfteracts with the 2hydroxyl of the = come apparent when the crystal structurdofulgidusHMG-CoA
adenosyl ribose of NADH) (Lawrence et al., 1995; Tabernero reductase is solved and compared to that oPttraevalonienzyme.

1/S. A. Using NAD" (0) or NADP”* (@)
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1/[Mevaldehyde] (1/mM) 1/[CoA] (1/mM) 1/[NAD(P)*] (1/mM)

1/S. A. Using NAD" (0) or NADP™ (@)

&
1/S. A. Using NAD" (0) or NADP™ (e)

Fig. 6. Catalysis of Reactioni3), the oxidative acylation of mevaldehyde. Double-reciprocal plots for the effect of mevaldehyde,
coenzyme A, and nicotinamide nucleotide coenzyme concentration. Reactions using”MADIRD * were conducted at pH 9 and

10, respectivelyA: Mevaldehyde concentration was varied as shown using 0.5 mM coenzyme A and either 15 mM N@Dé&r

15 mM NAD™ (0). B: Coenzyme A concentration was varied as shown using 4.0 mM mevaldehyde and 15 mM N@&D& 15 mM
NAD " (0). C: The concentration of NADP (@) or NAD" (O) was varied as shown using 4.0 mM mevaldehyde and 0.5 mM
coenzyme A.
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Fig. 7. Catalysis of Reactiofd), the oxidative acylation of mevalonate. Double-reciprocal plots for the effect of mevalonate, coen-
zyme A, and nicotinamide nucleotide coenzyme concentration. Reactions using N&DRAD * were conducted at pH 7 and 10,
respectively. To permit representation for both NARnd NADP' on the same graph, specific activity values using NADere
multiplied by (A) 25 or(B,C) 50.A: Mevalonate concentration was varied as shown using 15 mM NA@B or 15 mM NAD" (0),

and coenzyme A1.5 mM using NADP ; 0.5 mM using NAD"). B: Coenzyme A concentration was varied as shown using 15 mM
NADP* (@) or 15 mM NAD" (0), and 6.0 mM mevalonat&€: NADP™* (@) or NAD* (O) concentration was varied as shown using

6.0 mM mevalonate and coenzyme(A5 mM using NADP ; 0.5 mM using NAD").

Materials and methods

Materials

Purchased reagents included NADPNAD ", NADPH, NADH,

erly, Massachusetts, or Promgg&ent DNA polymerase(New
England Biolaby Qiaex gel extraction kit, Qiaprep Spin plasmid
Miniprep Kit, Qiaquick PCR Purification Kit(Qiagen, Hilden,
Germany; and pre-stained low-range protein standdBi®-Rad,

Hercules, California Protein concentrations were determined by

coenzyme A(R,S)-HMG-CoA, mevalonolactone, mevaldic acid the method of BradfordBradford, 1976 using bovine serum al-
precursor, phenylmethylsulfonyl fluoride, and DEAE-Sepharosebum as standard. Buffer A contained 1G%4v) glycerol, 1 mM

FF (Sigma, St. Louis, Missouri T4 DNA ligase(Promega, Mad-
ison, Wisconsiin restriction enzyme&\ew England Biolabs, Bev-

ethylenediaminetetraacetic acid, 1 mM phenylmethylsulfonyl flu-
oride in 20 mM K.PQ,, pH 7.3.

Table 2. Comparison of K; values for A. fulgidus, P. mevalonii, and Syrian hamster HMG-CoA reduttase

A. fulgidus P. mevalonii Hamster
Reactions and substrates Ky (uM) Ky (uM) Ku (uM)
(1) HMG-CoA — mevalonate
HMG-CoA 175 20 20
NADPH 500 80
NADH 160 80
(2) Mevaldehyde— mevalonate
Mevaldehyde 5,000 8,000 1,600
NADPH 540 160
NADH 200 1,800
(3) Mevaldehyde— HMG-CoA
Mevaldehyde 400 80 90
CoASH 20 110 50
NADP* 1,100 600
NAD * 2,100 120
(4) Mevalonate— HMG-CoA
Mevalonate 620 260 20
CoASH 30120° 60 10
NADP* 1,700 510
NAD * 500 300

@Data for the HMG-CoA reductase @. fulgidusis from Figures 4-7.
30 uM using NAD*, 120 uM using NADP".
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ersburg, Marylangd Media for growth ofE. coli included LB
1.4 (Sambrook et al., 198%nd LB,mycm (LB plus 75ug/mL ampi-
cillin, 150 wg/mL chloramphenicgl DNA sequencing was con-

121 ducted at the Purdue University DNA Sequencing Center.

Assays of HMG-CoA reductase activities

0.8
Spectrophotometric assays of HMG-CoA reductase activity em-

0.6 1 ployed a Hewlett-Packard model 8452 diode array spectrophotom-
eter whose cell compartment was maintained atG@uring
measurements at 340 nm of the appearance or disappearance of
NAD (P)H. Assays were conducted in a final volume of 20D.
Standard assay conditions for each reaction studied appear below.

1/Specific activity (mg/eu)

15 35 55 Reaction (1), reductive deacylation
of HMG-CoA to mevalonate

Using NADPH as coenzyme: 0.5 mM NADPH, 2.0 mi®,S)-
Fig. 8. Competition between NADH and NADPH for catalysis of Reaction HMG-CoA, 100 mM KCI and 100 mM KPOQ,, pH 6.0. Using
(2), the reduction of mevaldehyde to mevalonate. Assays a€50ere . _ B
conducted in 100 mM KCI, 100 mM 0y, pH 7.0, and employed 4.0 mM ?(?ODHJSKCglenZ%mfdg's ,\T'\.I/_I .’;'_A'\SH' a%rgm’ S)-HMG-CoA,
mevaldehyde and the indicated concentrations of NADH in the abgence m » an m n P o
or presenceé®) of 0.25 mM NADPH. Reactions were initiated by adding
NADH.

1/[NADH] (1/mM)

Reaction (2), reduction of mevaldehyde
to mevalonate

Using NADPH as coenzyme: 0.5 mM NADPH, 20 mi\R, S)-
mevaldehyde, 100 mM KCI, and 100 mM,RO,, pH 6.0. Using
NADH as coenzyme: 0.5 mM NADH, 20 m¥R, S)-mevaldehyde,
100 mM KCI, and 100 mM KPOy, pH 7.0.

Reaction (3), oxidative acylation
of mevaldehyde to HMG-CoA

Using NADP* as coenzyme: 15 mM NADP, 0.5 mM coenzyme
A, 4.0 mM (R, S)-mevaldehyde, 100 mM KCI, 100 mM TrisIClI,
pH 9.0. Using NAD" as the coenzyme: 15 mM NAD 0.5 mM
coenzyme A, 4.0 mM(R,S)-mevaldehyde, 100 mM KCI, and
100 mM Tris HCI, pH 10.

1/Specific activity (mg/eu)

‘ , Reaction (4), oxidative acylation
-30 -20 -10 0 10 20 of mevalonate to HMG-CoA

1/[HMG-CoA] (1/mM) Using NADP" as the coenzyme: 15 mM NADP 1.5 mM coen-
zyme A, 6.0 mM(R, S)-mevalonate, 100 mM KCI, and 100 mM

Fig. 9. Inhibition by mevinolin. Double-reciprocal plot for inhibition of ; .
Reaction(1), the reductive deacylation of HMG-CoA to mevalonate, using KxPOy, pH 7.0. Using NAD" as the coenzyme: 15 mM NADQ

NADH as coenzyme. Analyses were conducted at pH 9.0 afi@s0the ~ 0-9 MM coenzyme A, 6.0 MMR, S)-mevalonate, and 100 mM
indicated concentrations of HMG-CoA in the presence qiM (O) or Tris-HCI, pH 10.

260uM (@) potassium mevinolinate. All reactions were initiated by adding
NADH.

Unless otherwise stated, all reactions were initiated by adding
HMG-CoA, mevaldehyde, or mevalonate. For all assays, one en-
zyme unit(eu) represents the turnover, in 1 min, ofmol of
nicotinamide nucleotide coenzyme. This corresponds to the turn-
over of 1 umol of mevaldehyde or to 0.amol of HMG-CoA or
A. fulgidusgenomic DNA was a generous gift of Nils-Kare Bir- mevalonate. Reported data represent mean values for at least trip-
keland of the Department of Microbiology, University of Bergen, licate determinations.

Norway. Plasmid pDC952, which encodes tRM&A%A that rec-
ognizes the AGG and AGA arginine coda@sdrews et al., 1996 . .
was a generous gift from James R. WalkBepartment of Micro- Cloning of A. fulgidus orf AF1736

biology, University of Texas, Austin, Texadlasmid pET-21b and The synthetic oligonucleotides AGGGGAAAJATGCAGGTTC
Escherichia colBL21(DE3) cells were from NovagetMadison, n TTAGACTCG (encodes a neWdd site) and TTAAGTGAGCTC
Wisconsir) andE. coli DH5« cells were from Gibco BRI(Gaith- ~ AGCTTCTTAACCTC (encodes a ne8ad site) were employed

Genomic DNA, bacteria, and culture media
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Table 3. Catalytic efficiency using NAD(H) or NADP(H) as coenzyme

Ku[NAD(H)]  Ku[NADP(H)]  keafNAD(H)]  keaNADP(H)]  Kea/Ku[NAD(H)]  kea/Kmu[NADP(H)]

(mM) (mM) st s Keat/KMINADP(H)]  Keae/Kn[NAD (H)]
Reaction(1) 0.16 0.50 2.0 1.0 6.3 0.16
Reaction(2) 0.20 0.54 5.0 0.40 34 0.03
Reaction(3) 2.1 1.1 0.10 0.05 1.0 0.95
Reaction(4) 0.50 1.7 5.0 0.25 68 0.01

ak.at IS defined asviax divided by the molar concentration of active sites, which based on analogy . tinevaloniienzyme
(Lawrence et al., 1995; Tabernero et al., 19B8assumed to be two per dimer.

Table 4. Summary of purification of Archaeoglobus fulgidus HMG-CoA reduétase

Recovery of

Activity Protein Specific activity Enrichment enzyme units
Fraction (eu)® (mg) (eu/mg) (fold) (%)
CytosoF 1,090
Heat 45 95 0.50 (1.0 (100
DEAE-Sepharose 32 23 1.4 2.8 70

aThe data are for the purification of enzyme from 4 L of culture.

bFor catalysis of Reactiofll) using NADPH as a coenzyme.

“Precipitation at 50C hindered accurate measurement of activity in unheated cytosol.

as the forward and reverse primers for PCR amplificatiomorf
AF1736. The resulting PCR product was digested Wt and

Sad and ligated into expression vector pET-21b that had been
digested with the same enzymes, forming pETZFHR2). A por-

tion was digested witiXbd andHindlll, cloned into appropriately
digested pUC19, and sequenced to verify that the cloned fragment
was structurally correct.

Expression of pET21b(AF,R2) and pDC952

Of the 29 arginine codons of AF1736, 280%) are AGA or AGG,

and codons 17 and 18 form a tandem AGA-AGA pBircoli strain
BL21(DE3) cells were therefore cotransformed with pET-
21b(AF,R2) and with pDC952, which encodes tRREEACA trans-
ferred to LB,nycm medium and grown, with shaking, at 32. At

a cell density of about 0.8 at 600 n(@0 Klett unitg, isopropyl-
thiogalactoside, final concentration 0.5 mM, was added, and growth
was continued to a cell density of about 340 Klett units. Cells were
harvested by centrifugatio@,000x g, 15 min, 4°C) and either
disrupted immediately or stored at20°C for subsequent use.

Purification of A. fulgidus HMG-CoA reductase

48 |
34‘.
29 e e e -

Fig. 10. Analysis of fractions by SDS-PAGE. Approximately gy por-
Packed cells from 4 L of culture suspended in 120 mL of chilledtions of the indicated fractions were subjected to SDS-PAGE using a 12%
buffer A were ruptured by passage twice through a French pressuf@sowi”g gel and a 4% stacking gel. The gel was stained with Coomassie

cell. Following centrifugation of the cell lysat€l05,000X g,

blue. Lanes contained pre-stained protein standards of the indicated mo-
|lecular mass in kD&S), crude extract, which includes both the soluble and

60 min, 4°C), the supernatant liquid was retained as the cytosolinseluble fraction(E), cytosol(C), heat fractior(H), and DEAE-Sepharose
fraction. Significant expressed protein remained in the high-speeéaction (D).
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pellet. The cytosol fraction was divided into four equal portions, Consalvi V, Chiaraluce R, Politi L, Gambacorta A, De Rosa M, Scandurra R.

then incubated at 7& for 25 min. chilled. and centrifuged 1991a. Glutamate dehydrogenase from the archaebact&ilfislobus sol-
’ ' 9 fataricus Eur J Biochem 198159—467.

(12,000 g, 10 min, 4£C). The superatant liquid was retained. consaiiv, Chiaraluce R, Polit L, Vaccaro R, De Rosa M, Scandurra R. 1991b.
The precipitate was suspended in four volumes of chilled buffer A Extremely thermostable glutamate dehydrogenase from the hyperthermo-

and centrifuged as above. Both supernatant liquids were then com- Phi”g archaebacteriunPyrococcus furiosusEur J Biochem 202189-
: : ; ; 1196.
bined to give the heat fraction. Subsequent operations were "i_l;anson MJ, Wood PA. 1984. Isocitrate dehydrogenase of the thermoacidophilic

room temperature. The heat fraction was applied to 316 cm archaebacteriurBulfolobus acidocladaricu§EBS Lett 17289-293.
(106 mL bed volumgecolumn of DEAE-Sepharose FF equilibrated Darnay BG, Rodwell VW. 1993. His865 is the catalytically important histidyl
with buffer A. The column was washed with 350 mL of buffer A residue of Syrian hamster 3-hydroxy-3-methylglutaryl coenzyme A reduc-

. . tase.J Biol Chem 268429-8435.
then eluted with 350 mL of 150 mM KClI in buffer A. To each Darnay BG, Wang Y, Rodwell VW. 1992. Identification of the catalytically

milliliter of the combined active fractions 1.86 mL of &NH,) SO, important histidine of 3-hydroxy-3-methylglutaryl coenzyme A reductase.
solution saturated at room temperature, pH 7.0, were added. Fol- J Biol Chem 26715064-15070.

; ; ; ; o g de Rosa M, Gambacorta A, Gliozzi A. 1986. Structure, biosynthesis and phys-
lowing centrifugation(23,000x g, 20 min, 4°C), the precipitate icochemical properties of archaebacterial lipit¥crobiol Rev 5070-80.

was dissolved in a minimal volume of buffer A to give the DEAE- poolittle WF, Logsdon JM Jr. 1998. Archaeal genomics: Do archaea have a
Sepharose fraction. Table 4 summarizes the progress of the puri- mixed heritageTurr Biol 8:R209-R211.
fication, which yielded an essentially homogeneous producfriesen JA, Lawrence ML, Stauffacher CV, Rodwell VW. 1996. Structural de-

. terminants of nucleotide coenzyme specificity in the distinctive dinucleotide
(Fig. 10. binding fold of HMG-CoA reductase frorP'seudomonas mevalonii. Bio-

chemistry 3511945-11950.
Frimpong K, Rodwell VW. 1994. Catalysis by Syrian hamster 3-hydroxy-3-
Acknowledgments methylglutaryl-CoA reductase. Proposed roles of histidine 865, glutamate
) ) . 558, and aspartate 766.Biol Chem 26911478-11483.

The data are from the Ph.D. thesis of Dong-Yul Kim. This research wasgill JF Jr, Beach MJ, Rodwell VW. 1985. Mevalonate utilizationReeudo-

funded by National Institutes of Health Grants HL 471Y¥3V.R.) and HL monassp. M. Purification and characterization of an inducible 3-hydroxy-
52115(C.V.S). Journal paper 16146 from the Purdue University Agricul- 3-methylglutaryl coenzyme A reductaskBiol Chem 2669393-9398.
tural Experiment Station. Klenk H-P, Clayton RA, Tomb JF, Whit O, Nelson KE, Ketchum KA, Dodson

RJ, Gwinn M, Hickey EK, Peterson JD, et al. 1997. The complete genome
sequence of the hyperthermophilic, sulfate-reducing archAedmeoglo-
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