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SUMMARY: This report describes the development of a series of monoclonal 
antibodies to rat liver 3-Hydroxy-3-methylglutaryl-CoA reductase (HMGR). Sera 
from hybridoma tumor-bearing mice were used to remove and characterize HMGR 
activity from a mixture of rat liver proteins. Two IgG2 monoclonal antibodies 
removed separately greater than 80% HMGR activity while non-immune mouse or 
negative hybridoma-derived sera were ineffective. Radiolabeled 
immunoprecipitates of enzyme preparations resolved in one- and two-dimensional 
SDS-PAGE showed two predominant subunits at Mr 52,000 and 54,000. Our results 
indicate that in these preparations of rat liver proteins HMGR exists as a 
heteropolymer with at least two distinct subunits of different molecular 
weights. 

Extensive evidence supports the conclusion that 3-Hydroxy-3- 

methylglutaryl-coenzyme A (HMG-CoA) reductase (HMGR) is the major regulatory 

enzyme in the biosynthesis of cholesterol (1). The activity of the enzyme is 

modulated by effecters such as dietary cholesterol, mevalonate, fasting, etc., 

(l-8). Current information suggests that cellular HMGR activity is altered by 

a change in its content and catalytic efficiency (9-15). These conclusions 

were derived from immunotitration analyses using polyvalent rabbit anti-rat 

HMGR antisera of microsomal and purified HMGR from animals and cells 

maintained in different physiological conditions. These analyses have also 

indicated that HMGR may exist in different interconvertible and irreversibly 

altered forms (12-15). Given the probability that the enzyme may exist in the 

cell as subspecies, we undertook the development of monoclonal antibodies to 
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Abbreviations used: HMG-CoA, 3-Hydroxy-3-methylglutaryl-Coenzyme A; HMGR, 
HMG-CoA reductase; HSE, heat soluble enzyme; PBS, phosphate buffered 
saline; BSA, bovine serum albumin; RIA, PBS containing 1% BSA; PAGE, 
polyacrylamide gel electrophoresis; SAC, Staphylococcus aureus membranes; 
NMS, normal mouse serum. 
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HMGR with the prospect of raising specific antibodies to one or more of its 

forms. Our development of a series of monoclonal antibodies to rat liver HMGR 

is described in this report. Of these, two mouse IgG2 antibodies designated 

as 4D7-El0 and 3ClO-Fll have been characterized further for their ability to 

bind and remove HMGR from a crude mixture of rat liver proteins. Our initial 

electrophoresis results of HMGR precipitated by the monoclonal antibodies 

suggest that in these preparations the enzyme exists in different molecular -- 

forms. 

MATERIALS AND METHODS 

Preparation of the antigen and the immunization protocol: Mice were 
immunized intraperitoneally with partially purified preparations of HMGR 
complexed with alum (16). This enzyme preparation represents material from 
microsomes solubilized in the absence of protease inhibitors (17,18) and 
processed to the heat step essentially as described by Beg et al (8) except 
that exposure to 65O was for only 5 min. The preparation here is referred to 
as heat soluble enzyme (HSE) and had a specific activity of 300 nmol MVA 
produced/min/mg of protein. Based on the reported specific activity of 
purified, homogeneous preparations of HMGR (ll), the antigen (HSE) represented 
a 5% pure solution of HMGR. BALB/c mice were immunized three times at two week 
intervals, and three days after the third immunization were sacrificed to 
obtain the spleens. 

Production of hybridomas: Spleen cells from mice injected with HSE-alum 
complex were hybridized with mouse NS-1 myeloma cells using 38% polyethylene 
glycol as the fusion agent (19,20). After three weeks of growth in HAT 
medium, hybridomas were screened for secretion of anti-HSE immunoglobulins. 

Solid phase radioimmunoassay for selection of anti-HSE monoclonal 
antibodies: The assay was developed by using HSE and polyvalent rabbit anti- 
rat HMGR antibody (21) as described in Fig. 1. 

Production of monoclonal anti-HMGR antibody containing sera: Anti-HSE 
antibody-secreting hybridomas were cloned and tested against purified HMGR 
(gift kindly provided by Dr. 2. Beg (8)) using the solid phase 
radioimmunoassay. A selected number of positive clones were injected 
subcutaneously into mice to develop tumors and obtain higher concentrations of 
antibody. Tumor-bearing mice were bled and their sera tested for anti-HMGR 
activity using Buffer A (21) and the HMGR assay procedure described by Shapiro 
et al (23). 

RESULTS 

The solid phase radioimmunoassay: A sensitive assay was designed to 

detect the presence of anti-HSE and anti-HMGR antibodies. In this assay, 

polyvalent rabbit anti-rat HMGR antibody activity could be detected at 

dilutions of more than lOOO-fold. In addition, amounts of antigen calculated 

to be lower than 0.5 ug (50 ul per well of 10 ug/ml solution) were sufficient 

to produce a signal to noise ratio in this system that was 4- to lo-fold above 
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Fig. 1. Solid phase radioimmunoassay developed with polyvalent rabbit anti- 
rat HMGR antibody to select anti-HSE and anti-HMGR secreting hybridomas. A 
96-well microtiter plate was coated with one of three concentrations of HSE, 
10, 50, or 100 ug/ml, in 50 mM phosphate buffered saline (PBS) pH 8.1 that 
contained 50 ug/ml BSA and kept at room temperature for 1 h. Wells were 
washed with RIA buffer (PBS + 1% BSA) and serial dilutions of rabbit antibody 
in RIA buffer added. Control wells received only RIA buf 
hour, the wells were washed with RIA buffer and 50 ul of C f56; ] ;;J;;i,a-nAo;;; 
containing 20,000 cpm added per well. An hour later, wells were washed, 
dried, cut off from the plate and counted in a gamma-radiation counter. To 
test the production of anti-HSE monoclonal antibodies, culture supernatant 
fluid from hybridomas replaced the polyvalent rabbit antibody. 

background (Fig. 1). The assay was therefore well suited to test the presence 

of anti-HSE and anti-HMGR antibodies secreted by the hybridomas. 

From a cell fusion in which 480 wells were plated with cells, colony 

growth was observed in a total of 240. Of these, 60 colonies produced anti- 

HSE immunoglobulins; 21 reacted with purified HMGR as indicated by counts in 

the assay which were three- to twelve-fold greater than background and only 8 

of the 21 remained stable subsequent to cloning. Four of these stable clones 

produced IgG1 class of antibodies as determined by their reactivity with 

monoclonal anti-IgGl (gift of Dr. V.T. Oi, Department of Structural Biology, 

Stanford) while five were positive to Protein A (Table 1). 

Removal of HMGR activity by immune sera of tumor-bearing mice: Clones - 

7C9-F8, 3ClO-Fll, 4D7-El0 and 8E4-Al were used to generate subcutaneous tumors 

in mice, and sera from tumor-bearing mice were tested for specific binding to 

HMGR. Fig. 2 compares the effectiveness of polyvalent rabbit antibody with 

monoclonal antibodies in removing HMGR activity from HSE preparations of rat 

liver. Our results showed that monoclonal antibodies 4D7-El0 as well as 8E4- 
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TABLE I 

Hybridomas secreting anti-HSE and anti-HMGR antibodies. The 
immunoglobulin class of secreted proteins is described as well as their 
affinity for binding to Staphylococcus aureus membranes (SAC) or Protein A. 

Number of primary wells 
Cell Anti- Anti- 
Growth HSE HMGR 

Stable 
clones 

Class Code Binding to 
SAC OK 

protein A 

117 29 14 4 Wl 8.E4 + 
n 6.C3 
n 3.G9 
,I 1.c2 

123 31 7 4 IgG2*... 7.c9 + 
n 4.D7 + 
" 1.08 + 
I, 3.ClO + 

* 
IgG2a IgG2b IgG3 - all classes are protein A positive. 

Al were most efficient in binding HMGR while 3ClO-Fll and 7C9-FS were of 

intermediate strength. Polyvalent rabbit antibody effectively removed 90% of 

the HSE's HMGR activity. 

Subsequent studies were done only with 3ClO-Fll and 4D7-El0 and 

immunotitrations with these antibodies demonstrated that 85-90% of HMGR 

activity was complexed and removed by the immunoglobulins (Fig. 3) while 

neither non-immune mouse nor a negative hybridoma-derived serum was effective. 

A 10 ul aliquot of 4D7-El0 removed 76% of the HMGR activity at 4O in 30 min. 

Removal of HMGR activity by normal mouse serum (NMS), rabbit HMGR Fig. 2. 
antibody and hybridoma-secreted immunoglobulins. Antibody was added to an HSE 
preparation that had been precleared with SAC adsorbent (25) and the mixture 
kept at 4O for 30 min. SAC pellet derived from 200 ul of a 10% w/v suspension 
was added to the mixture to bind the antibody-enzyme complex and after 30 min 
at 4 o the mixture was centrifuged, and 80 ul of the supernatant removed to 
assay residual HMGR activity. 
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Fig. 3. Experiment was conducted essentially as described in Fig. 2, except a 
range of serum concentrations were used. Final volumes were adjusted with 
non-immune mouse sera. One hundred percent enzyme activity corresponds to a 
value of I.36 nmol MVA produced/min/mg protein. 

Analyses of [1251]HSE proteins immunoprecipitated by 4D7-El0 and 3ClO-Fll 

using SDS-PAGE: Fig. 4a shows a representative Coomassie Blue stained gel of 

an immunoprecipitate to expose the immunoprecipitated proteins. The stained 

polypeptides were primarily the heavy (H) and light (L) chains of the mouse 

and hybridoma secreted immunoglobulins in the antigen-antibody-SAC complex. 

Heavy chains of IgG are around Mr 55,000, and in a range similar to that 

reported for HMGR monomer (8,12,27,28). The presence, therefore, of any HMGR 

protein subunits is likely to be masked by the abundant IgG heavy chains, 

except that since the antigen is radioiodinated in this experiment, it was 

detected by autoradiography of the gels. The autoradiogram (Fig. 4b) revealed 

predominantly two radiolabeled polypeptides as a protein doublet of around M, 

52,000 and 54,000 immunoprecipitated by hybridomas 4D7-El0 (indicated by the 

arrow in Fig. 4b, lanes 1, 2, and 4) and 3ClO-Fll (lane 3). Non-immune mouse 

serum used to immunoprecipitate showed no radiolabeled proteins (Fig. 4b, lane 

5). The reported subunit size of purified HMGR has been estimated to be 

around M, 50,000-53,000 (8,12,27,28), while polyvalent rabbit HMGR antibodies, 

raised against purified rat liver enzyme were recently shown to immunoprecip- 

itate from Chinese Hamster Ovary cells, polypeptides with molecular weights of 

Mr 53,000 (29) as well as M, 60,000 and M, 127,000 subunits. While other 

faint radioactive bands are seen in these autoradiographs (Fig. 4b), presently 
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Fig. 4. Analyses of immunoprecipitated [ 1251]HSE proteins. Radioiodinations 
of HSE were done using 1,3,4,6-tetrachloro-3a,6a-diphenylglycoluril (Iodogen, 
Pierce Chemicals). Preparations precleared with SAC were incubated with 
selected antisera for 30 min at 4O and complexed to SAC (24). The 
[1251]antigen-antibody-SAC complex was dissociated with SDS-2,mercaptoethanol- 
containing buffer, heated at 100° for 2 min and resolved in one-dimensional 
SDS-PAGE (26). Fig. 4a is thecoomassie Blue stained protein pattern of the 
SDS-lo% acrylamide gel showing relative mobilities of heavy (H) and light (L) 
chains of hybridoma and mouse immunoglobulins with 10, 20, and 5 ul of 4D7-El0 
(lanes 1, 2, 4), 30 ul of 3ClO-Fll (lane 3) and 20 ulof NMS (lane 5). Lane 6 
has a series of molecular weight standards (BioRad): 98,000 (phosphorylase); 
68,000 (BSA); 48,000 (ovalbumin): 30,000 (carbonic anhydrase); 20,000 
(trypsin); and 15,000 (lysozyme). Fig. 4b is the autoradiogram of the protein 
stained gel. The two prominent radiolabeled bands marked by the arrow in 
lanes 1, 2, 3 and 4 are at M, 52,000 and 54,000. 

their identities are not known. Whether they represent contaminating proteins 

or are related to HMGR is to be determined. 

In addition to the one-dimensional PAGE analyses, immunoprecipitates were 

also resolved by the two-dimensional procedure of Jones (25). With protein 

stain alone (Fig. 5a), the IgG heavy (H) and light (L) chains were observed. 
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Autoradiographs of this gel (Fig. 5b) showed that radioactivity was not 

present in the IgG heavy or light chains but was mostly associated with 

protein doublets, one of around Mr 52,000-54,000 (Fig. 5b,l) and another 

>lOO,OOO (Fig. 5b,2). Non-immune mouse serum at the same concentration did 

not complex any radiolabeled proteins (Fig. 5~). The radiolabeled proteins 

were distinctly separated from the immunoglobulin chains in these gels and 

verified that radioactivity in the 52,000-54,000 doublet of Fig. 4b was not a 

consequence of a co-migration of non-specific radioactivity with 

immunoglobulin heavy chains. In general, the radiolabeled protein pattern of 

the two-dimensional PAGE was compatible with that observed in the one- 

dimensional gels. 

DISCUSSION 

This is the first report describing the production of monoclonal 

antibodies to HMGR. The antigen used to elicit antibody production was a 

mixture of proteins of which HMGR was one component. The prime consideration 

in using this antigen preparation was the assumption that HMGR may exist as 

several subspecies (12-15), and if so, the probability of raising antibodies 

to different forms was greater with a heterogeneous than a homogeneous 

preparation. As demonstrated in Fig. 1, we have isolated several hybridomas 

that secrete anti-HMGR antibodies. Of these, two monoclonals, 4D7-El0 and 

3ClO-Fll, have been described here and these effectively bind and remove HMGR 

activity from a solubilized mixture of rat microsomal proteins. 

Radioiodinated HSE preparations immunoprecipitated and separated by one- and 

two-dimensional polyacrylamide gel electrophoresis revealed that HMGR 

consists of subunits with M, predominantly at 52,000 and 54,000. These 

Fig. 5. Resolution of (1251]HSE proteins immunoprecipitated with 4D7-El0 and 
NMS on two-dimensional PAGE. Radioiodinated antigen-antibody complexes were 
adsorbed to SAC, extracted with isoelectric focusing-sample buffer (25) and 
first resolved in a non-equilibrium pH gradient of 4.5 to 9 with 4 percent 
acrylamide. The proteins were then separated by size in the second dimension 
in SDS-lo% acrylamide. Fig. 5a is a Coomassie Blue stained gel of 
immunoprecipitated proteins with 10 ul of 4D7-El0 serum. Heavy (H) and light 
(L) chains of immunoglobulins are seen. Gels were exposed to x-ray film for 
two days and Fig. 5b is the autoradiogram of radioiodinated proteins complexed 
to 4D7-El0 and Fig. SC toNMS. The 52,000-54,000 protein doublet (1) and the 
>lOO,OOO polymer (2) isolated with 4D7-El0 are marked. NMS at the same 
concentration appeared not to complex any proteins (Fig. 5~). 
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molecular weight estimates of the enzyme are comparable with the reported 

molecular size of the monomers purified in the absence of protease inhibitors 

(8,12,18,27,28). The nature of the higher molecular weight bands in Fig. 4b 

and spots in Fig. 5b is not clear. Others (29) have reported polypeptides at 

Mr 127,000 and 60,000 in immune precipitates of C3'SI methionine-labeled 

extracts of Chinese Hamster Ovary cells with polyvalent rabbit antibody to 

homogeneous HMGR. It is clear that if protease action is a cause for the 

production of several different sized molecular species, then the action of 

these degrading enzymes will have to be controlled during HMGR preparations 

before an assessment of the number of HMGR species in vivo can be made. -__ 

Further investigations are underway to explore the ability of the 

antibodies to recognize enzymes isolated in protease-inhibited preparations 

(17,18) from different metabolic states. In addition, these antibodies will 

be used to study the differential turnover of HMGR in normal and 

experimentally treated cells challenged with modulators such as oxygenated 

sterols, fetal calf serum, compactin (4-6) or mevalonate (2,14). 
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