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A Monoclonal Antibody Elicited to Human Platelet Monoamine Oxidase

Isolation and Specificity for Human Monoamine Oxidase B but Not A
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SUMMARY

We have isolated a mouse monoclonal antibody to human platelet monoamine oxidase

(MAO) B. The antibody (MAO-1C2) was isolated from a fusion of mouse myeloma P3/
X63 Ag8 to spleen cells from a BALB/c mouse immunized with a partially purified
platelet preparation in which an estimated 21-31% of the protein was [3H]pargyline-

labeled MAO B. The antibody indirectly immunoprecipitates both [3H]pargyline-labeled,
catalytically inactive human MAO B, and unlabeled, catalytically active human MAO B.
Binding of the antibody to MAO B has no detectable effect on catalytic activity. MAO-
1C2 is specific for human MAO B, and fails to immunoprecipitate MAO A indirectly from
human placenta or liver. Its ability to immunoprecipitate human MAO B but not MAO

A from extracts of human liver provides a convenient technique for separating the two

forms of the enzyme for comparative studies. The antibody does not recognize mouse
liver MAO B, suggesting that the determinant is not universally expressed on MAO B
from all species.

INTRODUCTION

MAO’ is an integral protein of the outer mitochondrial

membrane (1) and plays an important role in the degra-
dation of dopamine, norepinephrine, epinephrine, and 5-
HT (2). There are two forms of MAO, A and B, which
have distinct catalytic properties, and they are expressed

in various proportions in different tissues (3-6). MAO A
is selectively inhibited by the irreversible active-site in-
hibitor clorgyline and preferentially oxidizes 5-HT (3).

MAO B is selectively inhibited by deprenyl and pargyline
(5), and preferentially oxidizes PEA and benzylamine.
The inhibitors clorgyline, deprenyl, and pargyline contain
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acetylenic groups that react with the single flavin moiety
which is covalently bound to a cysteinyl residue in one of
the two subunits of MAO (7, 8). Despite its selectivity
for MAO B, [3H]pargyline will covalently label the active
sites of both MAO A and MAO B under appropriate
conditions (9, 10). Studies with [3H]pargyline-labeled
crude preparations of MAO have shown that the FAD-
containing subunit of MAO A migrates differently from
that of MAO B in SDS-polyacrylamide gels. The appar-
ent molecular weights of MAO B and A from rat liver
are approximately 55,000 and 60,000, respectively (9).
Similarly, the apparent molecular weights of human
MAO B from platelets and MAO A from placenta have
been reported to differ, with molecular weights variously
reported to be 64,000 and 67,000, respectively (10), or
60,000 and 64,000, respectively (11).

The molecular basis for the catalytic differences be-
tween MAO A and B is the subject of continuing debate.
Differences in migration of the [3H]pargyline-labeled
FAD-containing subunits of MAO suggest that these
subunits may differ in molecular weight. The hypothesis
that the FAD-containing peptides of MAO A and B differ
in primary structure is further supported by the produc-
tion of distinct patterns of[3H]pargyline-labeled peptides

by partial proteolytic digestion of [3H]pargyline-labeled
MAO A and B (10-12). On the other hand, other inves-
tigators have suggested that the differences in MAO A
and B can be accounted for by differences in their lipid
environments (13, 14), since catalytic distinctions be-

tween MAO A and B disappear when crude preparations
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of the enzymes are delipidated (14). Furthermore, MAO
A and B activities appear to be stimulated by the pres-

ence of different lipids (13).
If MAO A and B differ in primary structure or covalent

modifications, it should be possible to obtain antibodies
which will distinguish them. Attempts to distinguish
MAO A and B with conventional antisera have been

equivocal. Dennick and Mayer (15) and Russell et al.
(16) elicited antisera in rabbits against purified human
and rat liver MAO which had only MAO B activity,
although liver mitochondria from these species have both
MAO A and B activity. Their antisera did not discrimi-
nate MAO A from MAO B in the respective species. In
contast, McCauley and Racker (17) elicited an antiserum
to bovine liver MAO B which specifically precipitated

MAO B activity, but not MAO A activity, in extracts of
bovine brf4in, Convors�4y, Pow4l nnd Crt�ig (18) pmthwtd
nfl iintisttrum iigitlnst humHn p1�wintM MAO (prttdom1�

n�lnt1y A; rtif, 19) which f4th�d to cross�re�ict with th.
p1i�U�ktt t3nzymti (mostly B; �‘ttf, 20),

B�c�lust’ of thtt � �oni�ttrning thi 1mmuno�
logk�ul rt’lifl�idrnss of MAO A irnd B, we eonsidttrttd It
worthwhIlt� to rtinvtstigi�tt thIs qi�wstIon using hybri�

dom4 ttivhnology, tts thtvoiopttd by Kohkr rind Mllstttln
(21) Ths� pi’itwipatl �dvimt4g� of thtt hyhridom4 tttch�
niquti ovtr th4t of conv�ntion�l irntIstrt� Is thftt (�) ono
din prtsp�rtt �*g�tinst �n �ntigtn virtuitlly unlirnItt�d qutin�
tltltts of ttn nntibody whleh re�ognlz�s i* singit nntigt�nk
d�tt�’rmIn�nt, 4nd (b) monosptt�Ifl� ftntlbodltts �n 1w
prttp�trt3d �gttinst ti componont of un impurt’ ttntigttn
prt�tpiriition, W� rt�tport httrt� th� isoltstlon iind chttr�wtor�

lzifllon of u hybrklom4 whk�h sttcrt’tts u mouso monoc1o�
ni�1 ttntlbody �1I�it�d to hum�in pltttt4tt MAO B, H�r�t
rind t1stiwhs�trtt (22) ws� prts�nt �vlthnvs� thttt thti iintibody
dots not i’oeogni� hunuin MAO A,

MATI�I4IM�$ AND Mt�THOD$

Purifieffiwn of MAO from plcsfrk’tt� Thtt MAO prtp�
fu’iition ustid for ImnnsnI��tion wus pur1t1�d from oui�

thit�t�d hum�ui blood p14tt4�ts (prtdornlmrntly Wtypt�t on�
�ynm), Thst dt3tflIl$ of thtt ptsrifiviflion will 1w prwtt�ntei1
itls.twhttr#{248},4 Brittfly stt�tt�d, pi4tstkts wt’ri txtr�wt�d with
� Trfton X�l0t) nnd tht rosulting ttxtr�wts wtrt� ir�
�ip1t�ttod with �YV-�s�tut’ntt�d i�mmonium su1fi�ttt, Tho
stidlmttnt w� susptindttd In �nd dI4ly�d ugnlnst (),0� M
potfissiuni phosphftttt buffttr (pH 7�4) 4nd tipplktd to ii
DEA�SiphiiC�ii column tquIlibnitt�d with tht s�mti
buffor, At�tIvtt tinzynm wt�s iluttd with tht simm bufftir
t�ont�4mnIng (),5V)� Triton X� 100, To fa�itItattt monitoring
tht� t�n�ymtt during suhsttqtwnt pur1fic�tlon, MAO In thti
combined, iwtivtt frtwtions from thtt DEAE�o1umn w�s
hshttlod by trtt4tnmnt with 0,67 �M [tFljpiirgylinti [Now
Englund Nucloiir Corporation (Boston� Mitss,)1 spocific
iwtlvlty its Ci/mmolo] for 30 mm ifl 37#{176},Tho fint�l spo�ifiv

iwtivlty of thtt MAO w� 274,�00 dpm/�g of MAO protoin,
Estimutos of qurntititts of [tHJpHrgylino4itholod MAO
iiro b4sod on :tJ�j t�ounts por minuto, i�ssumIng tho spo�ific

�wtivity i’tiportod �bovo bind ttssuming �s molocu1�r woight

J (II, A. M� Ati�tt’l N ‘I’. l’ius’�, ft ft Frit� �sniI C W Aht4I Pnrlfi�
ct*tittn iii �thtltiteI tnonoani(ne ti�(lit�e B by UPLU Manutit’,ip( in

tIrt3LHtfltI (till:

of 120,000 for MAO. Labeling of the enzyme with [3H]

pargyline under these conditions resulted in 70% inhibi-

tion of MAO activity.
The [3H]pargyline-labeled MAO was further purified

by preparative isoelectric focusing (pH range 3-10) on

agarose slab gels (for immunization) or by chromatofo-
cusing (Pharmacia Inc., Piscataway, N. J.). The isoelec-
tric-focused and chromatofocused preparations were
comparable in specific radioactivity (57,600-85,100 dpm/
,.tg of total protein). These figures indicate that MAO
constituted 21-31% of the total protein. (For SDS-poly-
acrylamide gel profiles ofhuman platelet MAO B purified
by DEAE-chromatography or chromatofocusing, see Fig.
1).

Immunization. A BALB/c mouse was immunized by
two iSp, in.w�’tmons of �i(-) �ig of isoo1o�tric�focusod, IIH
p�irgy1ino�hihoktd phitolttt MAO (thiys I unit 7) vonttsinod
In 0,1 ml ofstorilo PBS 4nd omtslsifiod in un oquiil volunm
of’ complt3to (first injtwtion) or incomploto (stwond injoc”
tion) Fround’s iuijuv4nt, Tho unim4l wits hoostod by ip,
injeCtion of 11) � of [1HJptirgylino�1i*bo1od MAO (t’hro�
m4tofovusod matorilli) In stilino on days 54 55, �nd 1S6,
nnd tho fusion wiis porf�irmod on (lily 57

F14NSOH of ‘t�ll,� Splottn v&41s (M � 10�) woro propurod
()n�dny 58 (ono dlly following tho last boost) ftncI fustid to
10� P3/Xt13 Ag$ coils (dot’kkint in hypox4nthIns�t phos�
phol’ihosy1trfinsforf1st�) with 4(Y4. P�lyot hylono glycol I 0(X)
(�igmn Chomk’& Conip�iny, Si, Louis, Mo,) iind pl4tod

�it 4hout 2 x 10#{176}myttlom4 colls/woll In 512 microculturo
wolls in HY mttdium ticcording to tho provs3duro of Kon�
nott �‘/ iii, (24)� Pintos wti�ro incuhattid �it 37#{176}in I0�. CO�/
nit’, Aminoptot’ln (flnftl concontriition 0,018 mg/mi) w�is

iddod tho d�y fttwr fusIon to kill tho myolomu coils, Ct�1ls
W�3Ft� fod on thiys 7 lind 14 4ftor fusion with HY modlum
Izicking �iminoptttr1n

Pr�limirniry #er�ening of I’anthtioFw(l rnt�dki for spe-
cifie qn(thotI�t�, Coil culturo supornifliints woro )�vt’oono(I
initinily for �int1hody capiiblo of binding any nntigon in
vhromntofocusod MAO whIch would �oiu I11W(’t)titt3l’

pllltos �tnd which could ho dotoctod by u p�roxidns��
Iink�d Immunosorhont �ss4y (ELI$A), Tho ELISA pro�
t(WQl W14$ similur to that of Kournoy t’l ui (25), [HI

P4rgylino�htho1ed MAO (chromntofocusod muutrinl) wns
incubitt�td for 4 hr �st �7#{176}in Cooke polystyrono microtito,’
PllltOs (150 �t1/woll� MAO protoln� 1 �ig/ml) in horlltt��
stilintt buffor [por litor 62 g of H;1BO;ii 9,5 g of NuB�()�’
10H�O 9,() g of N4C1 (pH 8,2)1,CondItionod modin from

wolls vonu�in1ng growing clonos woro dilutod 1:10 with

PBS PIUS 0,05w. Twoon 20 (Sigma Chomici�1 Comp4ny)
ttnd incub�itod in tho wt�shtid wolls (150 �il/wo1l) for 4 hr
nt 23#{176}Bound mouso Irumunoglobulin w4s (Iotovto(l vol�
orimotrieiilly 4ftor ft furthor 4�hr ineubtition of thtt
wftshod wolls with 150 �tl of poroxiduso�conjug�tod shoop
nnti�niouso IgU (ho4vy Plus light chftin, 1;l()00 dilution
from CiiPPol L�hor�torios, Cochninvlllo, Ill,) Tho por�
oxid8st� rofiCtion mixturtt (150 �tl/woll) �ont�lnod, p�r 20
ml of citric ficid bufitir (pH 5), 8 rug of o�phonylonodi4�
min#{248}(Sigm4 Chttmlciil Conlp4ny) 4nd 4 �tl of 30% hydro�
gttn poroxido, Ho4ctions woro stoppod 4ftor 2-4 mm with
50 �tI of 4 M sulfuric iwid, Absorhftnvo dHtft woro qu4ntI�
t�tod with �n iiutomiuod ELISA roHdor, Modttl MR 580
(Dyontoch Lhori�torios, Aloxundrin, V4,),
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502 DENNEY ET AL.

Screening of conditioned media by indirect immuno-

precipitation. Conditioned media from hybridomas were
diluted 1:10 with the NET buffer of Kessler (26) [0.15 M

NaCl, 5 mM EDTA, 50 mM Tris, 0.02% sodium azide (pH
7.4)], containing 0.1% bovine serum albumin and 0.05%
NP-40 (Particle Data, Inc., Elmhurst, Ill.), and mixed
with 20-40 ng of [3H]pargyline-labeled MAO (isoelectric-
focused preparation) contained in 50 �d of the same
buffer. These samples were incubated in 96-well polysty-
rene microtiter plates (Cooke) at 23#{176}for 1 hr in a rotary
shaker (50 p.! total volume per well). In most experiments,

rabbit anti-mouse IgG (heavy plus light chain; Cappel
Laboratories) was added (equivalent to 8 �g of specific
antibody), and the incubation was continued for 1 hr.
Heat-killed fixed Staphylococcus aureus Cowan I (Pan-
sorbin A; Calbiochem, San Diego, Calif.) was then added
(50 �l of a 10% suspension), and the incubation was

continued for 15 mm. The plate was then centrifuged for
10 mm at 1700 rpm (5#{176})in a Cooke microplate carrier
(Dynatech Laboratories) in an IEC refrigerated centri-
fuge (Model PR-6000).

The resulting supernatants were then assayed for [3H]
pargyline-labeled MAO by counting 50-id samples dried
on 2.5-cm glass-fiber filters (Reeve Angel, Clifton, N. J.)
in a toluene-based scintillation fluid (containing per liter
of toluene, 4 g of 2,5-diphenyloxazole and 0.05 g of di-

methyl 1,4-bis[2-(5-phenyloxazolyl)]benzene) or sus-
pended in 2 ml of PCS scintillation fluid (Amersham
Corporation, Arlington Heights, Ill.). Counting efficiency
for 3H was 20% on dried filters or 25% in PCS when
counted in a Packard Tri-Carb liquid scintillation spec-
trometer.

Indirect immunoprecipitation of samples containing
catalytically active enzyme (see Table 2) was done in the
same way, except (a) the dilution buffer was Dulbecco’s
phosphate-buffered saline containing, per liter, 0.2 g of
KC1, 0.2 g ofKH2PO4, 8 g ofNaCl, and 1.14 g of Na2HPO4,
plus 0.1% bovine serum albumin and 0.05% NP-40 (PBS
immunoprecipitation buffer); (b) the quantity of rabbit

anti-mouse IgG added was increased to 10 �tl (about 40
!Lg of specific antibody protein); and (c) all incubations
were carried out at 0-4#{176}.Titration curves of indirect
immunoprecipitation as a function of antibody dilution
were obtained as described above except that antibody

samples were first serially diluted to give 4-fold decreas-
ing concentrations of antibody in a final volume of 50 gil.
Indirect immunoprecipitation of human placental and

liver MAO and mouse liver MAO was done as described
for immunoprecipitation screening assays (above), with
the following modifications. Immunoprecipitation was

done at 0#{176}in 1.5-mi Microfuge tubes (Beckman Instru-
ment Company, Fullerton, Calif.) by adding 200 �zl of a
dilution of MAO-1C2 antibody precipitated from ascites

fluid with 50%-saturated ammonium sulfate and dialyzed
against PBS to lOjil samples of octylglucoside extracts
of crude mitochondria from human or mouse liver. Rab-
bit antimouse IgG (0.56 �tg of total IgG; Cappel Labora-
tories) was added after 1 hr, and 200 �d of a 1:10 suspen-
sion (w/v) of S. aureus cells after a 2nd hr. After 15 min,
the tubes were centrifuged at 10,000 x g for 5 mm in a
Beckman Microfuge, and the supernatants were set aside.
The pellets were suspended in 1 ml of PBS-immunopre-

cipitation buffer and centrifuged as before. The pellets

were finally suspended in PBS immunoprecipitation

buffer. Both the supernatants which had been set aside
and the pellets were assayed for MAO activity.

Preparation of ascites fluids. Ascites fluids containing

MAO-1C2 antibody were generated by giving pristane-
primed BALB/c mice i.p. injections of 3 x 106 to 3 x i07
MAO-1C2 cells grown in HY medium (minus aminop-
tern) as described by Kennett et al. (24).

MAO activity assays. MAO was assayed for enzymatic
activity by a micromethod adapted from the radiometric

technique of Wurtman and Axeirod (27). Substrates were
‘4C-labeled benzylamine (specific activity 14.6 mCi/

mmole), PEA (50 mCi/mmole; New England Nuclear
Corporation), or 5-HT (49.3 mCi/mmole; New England
Nuclear Corporation). PEA was used at 10 �M final
concentration without isotopic dilution. Benzylamine
and 5-HT were used at 1 nmi final concentration at a

specific activity of 2 mCi/mole. Activities are expressed
in nanomoles per hour. Specific activities are expressed
as units per mffligram of protein.

Assays ofinhibition ofMAO by irreversible inhibitors.

Selective inhibition of MAO A or B was achieved by
incubating enzyme samples with the MAO B-specific

inhibitor deprenyl (5) or the MAO A specific inhibitor
clorgyline (3) at concentrations of 10� M for 30 min at
370 in 0.05 M potassium phosphate buffer (pH 7.5) prior

to assay. Preliminary experiments with various inhibitor
concentrations showed that 10_6 M inhibitor concentra-
tions gave good selectivity for MAO A and B (see Table
4). The samples were then assayed for MAO activity as

described above.
Preparation of extracts of mitochondria from tissues.

Human liver mitochondria were prepared from frozen
liver tissue (provided by Dr. Jerome Smith, of the Au-
topsy Service of the University of Texas Medical branch)
by homogenization in 0.05 M potassium phosphate buffer
(pH 7.5) (2 volumes/g of tissue) containing 0.25 M sucrose
using a Polytron tissue homogenizer [Brinkmann Instru-
ment Company (Westbury, N. Y.), 30 sec at 4#{176},top
speed]. The homogenate was centrifuged at 600 x g for
20 mm at 4#{176}in a Beckman JA-lO rotor. The supernatant
was saved, and the pellet was washed once with an

additional 2 volumes of buffer per gram of tissue and
centrifuged; the first and second supernatants were com-

bined. The crude mitochondria were then pelleted at
6500 x g for 20 mm in a JA-lO rotor at 5#{176}.The pellet was
suspended in 1 volume of buffer per gram of tissue and
pelleted at 6500 x g. This step was repeated once. The
final pellet was suspended in 10 volumes of buffer per
gram of washed mitochondrial pellet and frozen at -80#{176}.

Frozen pellets were stored for up to 3 months.
To extract the MAO, frozen pellets were thawed, sus-

pended in 10 volumes of buffer, and pelleted at 12,000 x
g. This washing step was repeated. Finally, the MAO was
solubiized by the addition of0.05 M potassium phosphate
(pH 7.5) plus 0.75% (w/v) octylglucoside (Calbiochem).
The suspension was stirred for 20 mm at room tempera-
ture, chilled, and centrifuged at 20,000 x g for 15 mm;
aliquots of the soluble extract were frozen at -80#{176}.Ex-
tracts of human placental mitochondria were prepared
as described for liver, except that the tissue was obtained
within 1 hr of delivery and was not frozen before homog-
enization. Placentae were obtained from the Labor and
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Delivery Service of the Department of Obstetrics and
Gynecology, the University of Texas Medical Branch.

The spongy tissue was dissected free of fetal membranes
and umbilical cord, minced, and washed free of excess
blood with 0.05 M potassium phosphate buffer by gentle
extrusion of excess fluid through cheesecloth. Further
steps were carried out as described for liver preparations.
Crude mouse liver mitochondria were prepared essen-
tially as described for human liver. The tissue was ob-
tamed from freshly kified BALB/c females and homog-
enized with an all-glass Dounce homogenizer.

Protein assays. Protein was measured by the tech-
nique of Lowry et al. (28) or by the method of Bradford

(29), with bovine serum albumin as standard.
SDS-polyacrylamide gel electrophoresis. SDS-poly-

acrylamide slab gels (7.5% running gel, 2.5% stacking gel,
0.5-mm thick) were prepared as described by Fairbanks

et al. (30). Samples (�50 �d) containing 40-1000 ng of
protein were denatured by boiling for 5 mm in 2% SDS
plus or minus 5% f3-mercaptoethanol. Proteins were
stained with silver as described by Merrill et al. (31).
Radioactive profiles of 3H-labeled MAO were generated
by slicing lanes into 46 0.25-cm slices, digesting the
polyacrylamide by overnight incubation with H2O2, and
counting in PCS scintillation fluid (Amersham).

RESULTS

MAO was purified from outdated blood platelets as
described under Materials and Methods. Since MAO

loses activity during purification, we chose at an early
stage to label the MAO with [3H]pargyline, an MAO B-
preferred inhibitor, which binds only to MAO under the
conditions employed. SDS-polyacrylamide gel profiles of
DEAE-purified (Lanes 3 and 4) and isoelectric-focused
(Lanes 5 and 6) MAO are shown in Fig. 1. All of the 3H
in the labeled DEAE-fraction and in the isoelectric-fo-
cused or chromatofocused preparations, which were used
subsequently for injection and screening, migrated as a
single peak with an apparent molecular weight of 59,000
(Fig. 2).

The band of protein marked by the arrow in the SDS-

polyacrylamide gel profile in Fig. 1 is identical with or
contains the FAD-binding subunit of MAO, since (a) this
band contained >90% of the 3H detectable in the chro-
matogram and (b) further purification of the chromato-
focused, [3H]pargyline-labeled material to homogeneity

yielded a single band of protein with the indicated mo-
biity (22).

A BALB/c mouse was immunized with isoelectric-fo-
cused, platelet MAO labeled with [3H]pargyline. On the

basis of the level of [3H]pargyline per microgram of
protein, MAO constituted about 21-31% of the total
protein in the injccted preparation. The corresponding
figure, based on the proportion of silver bound by this
band (31), was estimated to be �-12% as judged by micro-

densitometric scanning of the gel proffle. Spleen cells
from the immunized mouse were fused with the mouse
myeloma P3/X63 Ag8 as described under Materials and
Methods. Seventeen days after fusion, conditioned media

from the 288 wells showing cell growth (56% of the wells
plated) were assayed for antibody which would bind any
component of the injected antigen as detected by an
ELISA assay.

FIG. 1. SDS-polyacrylamide geiprofiles ofprotein samples used in

the study

Gels were run and stained for protein with silver or sliced and

counted for 3H as described under Materials and Methods. Lane 1, high

molecular weight stairidards (Bio-Rad; 0.1 pg/band): (from top to bot-

torn) myosin, 250,000; f3-galactosidase, 130,000; phosphorylase B, 95,000;

bovine serum albumin, 66,000; ovalbumin, 43,000. Lane 2, low molecular

weight standards (Bio-Rad; 0.1 jig/band): (from top to bottom) phos-

phorylase B, 95,000; bovine serum albumin, 66,000; ovalbumin, 43,000;

carbonic anhydrase, 30,000; soybean trypsin inhibitor, 21,500; lysozyme,

14,338. Lane 3, 1.4 � of protein from [‘H]pargyline-labeled DEAE-

purified human platelet MAO. Lane 4, same as Lane 3, 2.8 �tg of protein.

Lane 5, 1.25 �tg of total protein from [‘H]pargyline-labeled human

platelet MAO purified by chromatofocusing; Lane 6, same as Lane 5,

2.5 �zg of protein.

Results of assays of 240 of the 288 supernatants tested
are shown in Fig. 3. Conditioned media from 31 wells
gave color reactions judged to be significantly above

background (>0.4; Fig. 3). (Conditioned medium from P3

§ § � §�
id cd C’) ci �- ‘ti� � � C’) N

20 j I I I I I

(59.000)

4 8 12 16 20 24 28 32 36 42 46

Slice (0.25 cm wide)

FIG. 2. SDS-polyacrylamide gel profiles of [‘HJpargyline-labeled

MAO used for screening

SDS-polyacrylamide gels were run as described under Materials and

Methods. Shown is the ‘H content of each of 46 slices of gel after

electrophoresis of the [‘H]pargyline- labeled, chromatofocused fraction

of human platelet MAO (6.25 �g of protein containing 105,600 cpm of

[3H]pargyline-labeled MAO applied). The sample illustrated was the

same as that in Lanes 5 and 6, Fig. 1.
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NUMBER OF WELL

Fl(. 3. I)election of hybridomas se(’retlng i�nrnunoglohulzns which
hind to (‘OFflJ)Ofl(’fltS ofpartiallv purz/ie(1 human platelet MAO

Microtiter plates coated with chroniatofocused, [ ‘H Jpargyline-la-

bek’d huii�an J)latelet MAO (see gel profile in Fig. 1, Lanes 5 and 6)

were incul)ate(l with medium from 288 wells containing growing cells

17 (lays after fusion (data from 240 wells are shown here). Bound

immunoglobulin WflS (letected by using sheep antimouse IgG conjugated

to ()eroxidase, and a colorinsotric assay for bound peroxidase as de-

Mcril)e(1 under Materials and Methods. l)ata from :1 jlates containing

240 su))erflataflts are shown. A, Plate 1 (72 supernatants tested); B,

Plate 2; C, Plate 3. Cells from the 31 wells which gave absorbance

values of >0.4 (28 froni the Plates shown plus 3 from another plate)

were s()lit to fresh wells and reteste(l 4 ilays later.

cells gave a reading of0.15 in this assay.) After expansion
of the cell populations to about 5 X lOb cells for freezing
in liquid nitrogen, 14 primary wells were strongly positive

by ELISA assay. The titration curves, four of which are
presented in Fig. 4, differed markedly in shape from clone

to clone, suggesting that the conditioned media contained
diverse antibodies which apparently recognized a variety
ofantigenic determinants. Antibody from well 1C2, which
we show below to be specific for MAO B, saturated sites
on the plate at dilutions of <1:16 to 1:64 and bound an
intermediate level of peroxidase at saturation.

In order to determine directly whether any of the
ELISA-positive antibodies could immunoprecipitate
MAO, we mixed samples of conditioned medium from
each of 12 wells with a small amount of [�H]pargy1ine-
labeled MAO and assayed their ability to immunoprecip-
itate the labeled protein in the presence or absence of
the secondary reagents, heat-killed, fixed S. aureus cells

(24), or a combination of both anti-mouse IgG and S.

aureus cells. These assays revealed that only I of the 12
conditioned media tested, henceforth called MAO-1C2
medium, efficiently immunoprecipitated [3H]pargyline-
labeled MAO (Table 1). MAO-1C2 medium immunopre-
cipitated the enzyme only when rabbit antirnouse IgG

was included in the indirect assay. Direct determination
of the counts per minute bound to the washed pellets

demonstrated that MAO-1C2 medium immunoprecipi-

tated 10 times more MAO than any other conditioned
medium tested (Table J).

Hybridoma MAO-1C2 was grown continuously for 3
months (about 90 generations) without apparent loss of
specific antibody secretion. In the meantime, 11 sub-

(DiIution)�

FiG . 4. Titration of(Ieteetable antihod,v in ELISA /)OSitil)e p?’ima!y

(‘IIlIUF’E?S

Conditioiwd media from the 14 clones which were still ELISA-

positive at the time of freezing were titered by ELISA assay on plates

coated with chromatofocused, I ‘H Jpargyline-labeled human platelet

MAO. Bound inimunoglohulin was detected colorimetrically by assay-

ing peroxi(lase activity after incubation of wells with peroxidase-con-

jugated sheep antimouse IgG, as described under Materials and

Methods. The four titration curves illustrated were chosen to represent

the diversity of the ELISA data among the 14 conditioned media

assayed. 0- - -0, Well 3G2; #{149}-#{149},Well 6G5; A-A, Well 1C5;

A---A, Well lC2; [1, P3 (control) supernatant.

clones were isolated, and supernatants from 6 of 6 sub-
clones tested were . found to secrete MAO-binding anti-
body as judged by the ability of their secreted antibodies
to immunoprecipitate [1H]pargyline-labeled MAO in in-
direct immunoprecipitation tests. One of these subclones,
MAO-1C2 no. 8, was injected into pristane-primed mice

in order to generate ascites fluid. Indirect immunoprecip-
itation titration curves of antibody concentrated 5-fold
from conditioned medium by ammonium sulfate precip-
itation and of an active ascites fluid are compared in Fig.
5. Indirect immunoprecipitation of [1H]pargyline-labeled
MAO by the ammonium sulfate-precipitated antibody

from cell culture medium showed the expected sigmoid
curve, with 50% of the label precipitated at dilutions
between 4�4 and 45� However, the ascites fluid failed to
precipitate significant amounts of 3H-labeled MAO mdi-
rectly at dilutions of <4�, presumably because MAO-
1C2 antibody was present in excess of the immunoglob-

ulin-binding capacity of the rabbit anti-mouse IgG
present in the mixture. At dilutions of 44 to 4_6, virtually
all of the [3H]pargyline-labeled MAO was precipitated.

At dilutions of >4_b, the expected sigmoid curve was
observed (Fig. 5). Taking 47.5 as the dilution of ascites
fluid which gave half-maximal binding of [3H]pargyline-
labeled MAO present in the assay (44 ag), we estimated
that 1 ml of ascites fluid could bind the equivalent of 14.1

mg of MAO under appropriate conditions. Independent
titrations of ascites fluids from eight different aninmis
over a period of 6 months have given 50% imrnunoprecip�

 at U
niversidade do E

stado do R
io de Janeiro on D

ecem
ber 6, 2012

m
olpharm

.aspetjournals.org
D

ow
nloaded from

 

http://molpharm.aspetjournals.org/


120

100

80

60

40

20

41 43 45 47 49 411 413 “cs:�

ISOLATION OF A MONOCLONAL ANTIBODY TO HUMAN PLATELET MAO B 505

TABLE 1

Indirect immunoprecipitation of [3H]pargyline-labeled platelet

MAO by conditioned media

Samples of conditioned media were used to immunoprecipitate 88

ng of [:CH]pargyline4abeled MAO contained in a chromatofoc#{252}sed
preparation of the enzyme (see Materials and Methods). Both anti-
mouse IgG and Staphylococcus aureus cells were used as secondary

reagents. Following assay of the unprecipitated [3H]pargyline-labeled

MAO, the bacterial pellets were washed twice with 1 ml of NET buffer

by centrifugation and suspended in 100 il of NET buffer, 50 �d were

assayed directly for bound 3H.

Source of % cpm left in cpm bound to
antibody solution bacteria

P3/X63 Ag8 93.5 105

1C2 15.6 2836

1C5 87.4 106

1E5 81.1 120

3E2 94.2 70

3G2 90.1 76

4C6 83.5 142

5F7 93.5 98

5G6 88.5 110

5F10 92.3 138

6B10 72.9 102

6D6 68.1 90

6E10 76.5 128

6G5 69.6 232

itation titers of 4-7 to 4_8#{149} MAO-1C2 no. 8 was recloned
after an additional 3 months in culture, and seven of nine
secondary subclones secreted anti-MAO antibody.
Therefore, specific antibody secretion by this hybridoma
appears to be reasonably stable. All subsequent experi-
ments were performed with MAO-1C2 no. 8 ascites fluid.

Since MAO-1C2 was elicited to pargyline-inhibited
platelet MAO B and detected by its ability to bind the

a)
Co

C
a,
0.
U)

C

E
0.
U

(Dilution) 1

FIG. 5. Indirect immunoprecipitation of[’H]pargyline-labeled hu-

manpiatelet MAO by MAO-lC2from conditioned medium and ascites

fluid

Samples of [‘H]pargyline-labeled human platelet MAO from a

DEAE-fraction (containing 4224 cpm, 44 ng of labeled MAO, and 7.2

pg of total protein) were incubated in microtiter plates containing 50

j.tl ofserial dilutions ofMAO-1C2 precipitated from conditioned medium

(0- - -0) or from untreated ascites fluid from a BALB/c mouse bearing

a tumor of MAO-1C2 cells (#{149} #{149}).Rabbit antimouse IgG (40 � of

antibody protein) and Staphylococcus aureus cells (50 jd of 10% sus-

pension) were added and the ‘H remaining in the medium was assayed

by scintillation counting, as described under Materials and Methods.

same material, we tested its ability to bind the catalyti-
cally active human enzyme. We used in these experi-

ments extracts of frozen-thawed, washed human liver
mitochondria which were rich in MAO B. Oxidation of
benzylamine was used to assay MAO B activity. Control
experiments indicated that >90% of the benzylamine-

oxidizing activity was sensitive to 10_6 M deprenyl. There-
fore, in this experiment we measured MAO B, and not
benzylamine oxidase. The addition of MAO-1C2 to a
sample of the liver preparation did not inhibit or precip-
itate MAO B activity (Table 2). The rabbit anti-mouse

IgG, MAO-1C2, and S. aureus cells added had negligible
MAO B activity (<0.5 unit) as compared with the liver

extract added (5.2 units) (Table 2). However, the addition
of both MAO-1C2 and rabbit anti-mouse IgG to the liver
enzyme resulted in precipitation of 76% of the activity
(3.9 units in the pellet, 1.2 units in the supernatant).
Since the total activity recovered in the pellet and su-

pernatant (5.1 units) was close to the activity added to
the assay (5.2 units), the precipitated enzyme appeared
to be fully active (Table 2). Further addition of S. aureus

cells did not result in additional precipitation of enzyme
activity under these conditions (Table 2). These data
demonstrate that the majority of liver MAO B activity
can be precipitated by the antibody, and that indirect
immunoprecipitation of MAO B activity in extracts of
liver mitochondria requires only MAO-1C2 and rabbit
anti-mouse IgG. Excess S. aureus cells are routinely

added, even though they are not always essential, to
ensure quantitative precipitation at low ratios of mono-
clonal antibody to rabbit anti-mouse IgG.

TABLE 2

Effect ofMAO-1C2, anti-mouse IgG, and Staphylococcus aureus

cells on the activity and solubility of MAO

Samples of an extract of human liver mitochondria (50 p1; 0.835 mg

of protein) were mixed with the indicated combinations of (a) 50 �l of

a dilution (1:256) of MAO-1C2 ascites fluid, (b) 10 �d of rabbit anti-

mouse IgG, and (c) 50 /Ll of S. aureus cells as described under Materials
and Methods, and incubated in 96-well microtiter plate. All samples

were made up to the same fmal volume (115 p1) with PBS immunopre-

cipitation buffer. After appropriate incubations, the plate was centri-
fuged, and 20-�tl samples were assayed in duplicate for MAO activity,

using benzylamine as substrate.

Additions Units of MAO activityu

Pellet Supernatant

nmoles/hr/sample

MAO-1C2 only <0.5 <0.5

S. aureus only <0.5 <0.5

Rabbit anti-mouse IgG <0.5

MAO only <0.5 5.2±0.06

MAO + MAO-1C2 <0.5 4.9 ± 0.03

MAO + MAO-1C2 + rabbit anti-

mouse IgG 3.9 ± 0.30 1.1 ± 0.01

MAO + MAO-1C2 + rabbit anti-

mouse IgG + S. aureus 3.8 ± 0.04 1.1 ± 0.12

MAO + rabbit anti-mouse IgG <0.5 4.4 ± 0.17

MAO + S. aureus 0.5 ± 0.81 4.3 ± 0.90

(C Activities of <0.5 are considered negligible, and represent less than

40 cpm over a background of 172 cpm in the assay. Values are expressed

as mean of duplicate assays ± the standard deviation.
h Single assay only.
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FIG. 6. Titration of[’H]pargyline-labeled and catalytically active

human platelet MAO

Samples of a [‘H�pargyline-labeled DEAE-fraction of human plate-

let MAO, (containing 13.2 ng of labeled enzyme), unlabeled platelet

DEAE-fraction (containing an estimated 0.83 �g of unlabeled MAO

protein), or a mixture of the same quantities of the two were incubated

with serial dilutions of MAO-1C2 (ammonium sulfate-precipitated from

conditioned medium). Rabbit antimouse IgG (40�g ofantibody protein)

and Staphylococcus aureus cells were added as indicated under Mate-

rials and Methods. Samples were incubated at 4#{176}.

a. Separate titration oflabeled and unlabeled MAO: x---x, fraction
of enzyme activity not precipitated as determined by oxidation of

benzylamine (100% = 11.6 units in each well); #{149} #{149},fraction of[3H]

pargyline-labeled MAO not bound to bacteria as determined by scintil-

lation counting (100% = 1320 cpm, counting efficiency 20%).

b. Titration of a mixture of [‘H]pargyline-labeled and unlabeled

human platelet MAO. x- - -x, enzyme activity not bound to bacteria;

. ., [‘H]pargyline-labeled MAO not bound to bacteria. The quan-

tities of labeled and unlabeled MAO added per well were the same as

in a.

We next asked whether MAO-1C2 could distinguish

between [3H] pargyline-labeled, catalytically inactive hu-
man platelet MAO and unlabeled, catalytically active
MAO. Samples of DEAE-purified, unlabeled, catalyti-

cally active human platelet MAO or [3H]pargyline-la-
beled enzyme (830 and 13.2 ng of enzyme, respectively)
were mixed with serial dilutions of MAO-1C2, and the
enzyme-antibody complexes precipitated as usual (Fig.
6a). The immunoprecipitation of [3H]pargyline-labeled
MAO was very efficient [virtually no 3H was left in the
supernatant in wells containing dilutions of <4� (Fig.
6)]. Immunoprecipitation of catalytically active MAO
required about 64 times more antibody than did precip-
itation of the labeled enzyme (Fig. 6B), which was con-

sistent with the presence of about 60 times more MAO

protein in the unlabeled MAO titration (830 ng compared
with 13.2 ng). When labeled MAO and unlabeled MAO
were mixed, their immunoprecipitation curves were su-
perimposable, despite the fact that the two enzymes were
present at very different concentrations (Fig. 6b). Since
MAO-1C2 did not preferentially precipitate either [3H]
pargyline-labeled or unlabeled MAO in the mixture, we
conclude that MAO-1C2 does not distinguish between
catalytically active and [3Hjpargyline-labeled MAO.

Considering the disagreement in the literature con-
cerning the immunological similarity of MAO A and B,

it was important to determine whether MAO-1C2 rec-
ognized MAO A. Since human placental mitochondria
are a rich source of MAO A (32), we prepared crude
placental mitochondria, extracted them with octyigluco-
side, mixed samples containing active MAO A with serial
dilutions of MAO-1C2, and assayed the ability of the

antibody to immunoprecipitate MAO A activity. We
assayed unprecipitated MAO in the supernatant and
precipitated MAO in the bacterial pellet with the sub-
strates 5-HT and PEA. In addition, we performed the
assays with and without prior treatment of the samples
with the inhibitors clorgyline and deprenyl at concentra-
tions which we had found previously to inhibit selectively
MAO A (clorgyline) and MAO B (deprenyl). The results

of the titration of placental material (Table 3) show that
very little of the recovered 5-HT-oxidizing activity was
found in the pellet (unbound, 29 units; bound, <1 unit).
The 5-HT-oxidizing activity was due to MAO A, since it
was sensitive to 10� M clorgyline and insensitive to 10_6

M deprenyl (Table 3). From these data we conclude that
MAO-1C2 immunoprecipitated <3.5% of placental MAO
A under the conditions employed.

TABLE 3

Immunoprecipitation ofMAO A and B activity in extracts of

mitochondria from human placenta and liver

Duplicate samples of octylglucoside extracts of human liver mito-

chondria (40 gil) were immunoprecipitated as described under Materials

and Methods. MAO activities in the supematant (“unbound”) and in

the suspended bacterial immunoprecipitate (“bound”) were assayed

using 1 mM 5-HT and 10 �M PEA as substrates with and without prior

treatment of the samples with 10� M clorgyline or deprenyl. Values

underlined are the best indicators of MAO A activity (clorgyline-sen-

sitive 5-HT oxidation) or MAO B activity (deprenyl-sensitive PEA
oxidation). Assays of duplicate samples differed by <10%. The minimal

detectable levels of PEA oxidation and 5-HT oxidation (<0.02 and <1.0

nmole/hr/sample, respectively) represented 2-fold over background,

and differ because of the different specific activities of the substrates

used (see Materials and Methods).

Substrate MAO activity

Placenta Liver

Unbound Bound Unbound Bound

nmoles/hr/sample

PEA
No inhibitor 0.18 0.32 0.50 5.2

Clorgyline-sensitive 0.16 <0.02 0.14 <0.02

Deprenyl-sensitive <002 0.31 038 5.1

5-HT
No inhibitor 29 <1.0 18 <1.0

Clorgyline-sensitive 29 <1.0 18 <1.0

Deprenyl-sensitive <1.0 <1.0 <1.0 <1.0
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Compared with the 5-HT-oxidizing activity, the PEA-
oxidizing activity of the placental mitochondrial extract
was very low. The results indicate that some of this PEA-
oxidizing activity was immunoprecipitated by MAO-1C2
(0.32 unit bound, 0.18 unit unbound; Table 3). The PEA-
oxidizing activity which was immunoprecipitated by
MAO-1C2 (0.32 unit) was sensitive to 106 M deprenyl,
but insensitive to 10� M clorgyline, like MAO B. On the
other hand, the PEA-oxidizing activity which was not
immunoprecipitated by MAO-1C2 (0.18 unit) was sensi-

tive to clorgyline and insensitive to deprenyl, like MAO

A. The simplest interpretation of these results is that,
although some of the low PEA-oxidizing activity in pla-
centa is due to MAO A, there is a component of this
activity which has the catalytic and immunological char-
acteristics of MAO B.

Corresponding data for immunoprecipitation of MAO
A and B from extracts of human liver mitochondria are

also shown in Table 3. Again, very little 5-HT-oxidizing
activity (<1.0 unit) was precipitated, whereas most of the
activity (18 units) remained in the supernatant. In con-
trast, most of the PEA-activity (5.2 units) was precipi-
tated, whereas <10% (0.5 unit) remained in the super-
natant (Table 3). The clorgyline and deprenyl sensitivi-

ties of the activities support the interpretation that,
under these conditions, 5-HT oxidation was due primarily
to MAO A, and PEA oxidation to MAO B.

Since the monoclonal antibody was elicited by injec-

tion of human MAO B into a mouse, it was of interest to
determine whether the antibody would immunoprecipi-
tate mouse MAO B. We therefore attempted to immu-
noprecipitate MAO from an octylglucoside extract of

crude mouse liver mitochondria, which was rich in MAO
B (4). The unprecipitated material was assayed for MAO
activity with PEA and 5-HT as substrates (Table 4). A
control assay, in which MAO-1C2 was omitted, was done
in parallel. The results showed that no significant PEA-
or 5-HT-oxidizing activity was removed from the super-
natant. We conclude, therefore, that MAO-1C2 did not
immunoprecipitate significant amounts of mouse MAO
A orB.

DISCUSSION

To our knowledge, we have isolated the first hybri-
doma-derived antibody to MAO. Since the original hy-

TABLE 4

Indirect immunoprecipitation of mouse MAO A and B activity by

MAO-1C2

A sample (40 �tl) of an octyiglucoside extract of crude mouse liver

mitochondria was immunoprecipitated with MAO-1C2 as described

under Materials and Methods. The MAO activity remaining in the
supernatant was assayed using PEA and 5-HT as substrates. Rabbit

anti-mouse IgG and Staphylococcus aureus cells were used as second-

ary reagents. The control immunoprecipitation assay was performed

exactly like the other except that MAO-1C2 was omitted.

Activity remaining in supernatant

PEA oxidation 5-HT oxidation
units units

nmoles/hr/sample

Plus MAO-1C2 15.2 ± 0.02 4.8 ± 0.28

Control (no MAO-1C2) 15.7 ± 0.06 4.1 ± 0.06

bnd cell population has been twice subcloned with no

change in the specificity of the secreted antibody, the
antibody appears to be monoclonal. Although hybridoma
MAO-1C2 was isolated from among the fusion products

of spleen cells from a mouse immunized with [3H]pargy-
line-labeled, inactive MAO, immunoprecipitation of mix-
tures of labeled and unlabeled enzyme failed to demon-

strate any ability of the antibody to distinguish catalyti-
cally active from [3H]pargyline-labeled platelet MAO
(Fig. 6). Therefore, binding of the antibody appears not

to be dependent on any structural features of the enzyme
which are covered up or altered when pargyline binds

covalently to the enzyme. MAO-1C2 also binds MAO B
activity in human liver mitochondrial extracts and a
small amount of MAO B-like activity in the mitochon-

drial extracts from human placenta. Our observation that
MAO-1C2 does not inhibit the catalytic activity of human
MAO B (Table 2) further suggests that the antibody does
not bind the active site of the enzyme.

Complexes of MAO and MAO-1C2 do not pellet when
centrifuged at low speed, which suggests that, under the
conditions employed, the antibody does not precipitate
the enzyme in the absence of secondary immunoglobulin
reagents. However, MAO-1C2 will immunoprecipitate
human MAO B when secondary anti-immunoglobulin is

added. The ability of the antibody to immunoprecipitate
>90% of both [3H]pargyline-labeled, inactive platelet
MAO and catalytically active MAO indicates that the
antigenic determinant is probably expressed on most or
all of the MAO B molecules. We have shown elsewhere
(20) that MAO-1C2 binds a single discrete polypeptide
component in crude extracts of human liver mitochon-

dna, with the subunit molecular weight expected for
MAO B. This high degree of specificity indicates that the
determinant is not commonly expressed on mitochon-
drial polypeptides, and may in fact be unique to MAO B.
We could find no evidence that MAO-1C2 binds human
MAO A or mouse MAO A or B. These data demonstrate
the high degree of specificity of MAO-1C2 for human

MAO B. We expect that the antibody will cross-react
with MAO B from at least some mammals more closely

related to humans. Using MAO-1C2, we are currently
developing a specific, competitive radioimmunoassay for
MAO B protein levels in crude extracts of human plate-
lets.

Although MAO-1C2 was elicited to MAO B from hu-

man platelets, it appears to bind equally well to the MAO
B activity detected in human liver and placenta. Our

identification of MAO A and B in these tissues was based

on the ability of clorgyline to inhibit MAO A selectively
(3) and the ability of deprenyl to inhibit MAO B (5).
Under our conditions, oxidation of 10_i M 5-HT by ex-
tracts of liver and placental mitochondria was virtually
completely sensitive to clorgyline and resistant to de-
prenyl, and thus appeared to be quite selective for MAO
A (Table 3). Therefore, our monoclonal antibody appears
to recognize a structural feature which is present only on

those molecules with the catalytic specificity of MAO B.
Since the antibody does not appear to bind the active
site of the enzyme, MAO A and B may differ in at least
two parts of the molecule; the active site, which presum-
ably determines the substrate specificity, and the site

located elsewhere which is recognized by MAO-1C2. Al-
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though these data are most simply interpreted as mdi-
cating that MAO A and B are structurally different
polypeptides, we cannot at this time rule out the possi-

bility that the covalent binding of a small molecule, such
as a carbohydrate or lipid, might so alter the conforma-
tion of a single enzyme species that it both modifies the
substrate specificity of the enzyme and changes the an-
tigenic determinant recognized by MAO-1C2. The final
resolution of the controversy concerning the molecular

basis of the difference between MAO A and B will require
detailed structural studies of the purified proteins. Such
a study of human MAO B will be facilitated by our ability
to purify the enzyme using MAO-1C2 immunoaffinity
columns (22).

The ability of MAO-1C2, coupled with secondary im-
munoglobulin reagents, to immunoprecipitate MAO B
without inhibiting the enzyme or altering its substrate or
inhibitor specificity makes possible a highly sensitive test
for the presence of low levels of human MAO B in

extracts such as those from placenta, which contain a
high level of MAO A. This test is done by exposing the
extract to be tested to MAO-1C2, anti-mouse IgG, and S.

aureus cells; washing the pellet; and assaying the MAO
B activity bound in the pellet. High specificity for MAO
B in the assay can be achieved by using the usual
approach of inactivating residual, nonspecifically bound
MAO A in the pellet with clorgyline and assaying the
MAO with a B-preferred substrate, such as PEA at low
(10 jIM) concentrations. This scheme has two advantages
in the detection of low levels of MAO B. First, the

immunoprecipitation effectively concentrates the MAO

B from the test extract, thereby making the assay more
sensitive; second, it physically separates MAO B from
the bulk of the MAO A, thus facilitating the discrimina-
tion of B from A. With this approach, we detected what
appears to be a low but significant level of MAO B
activity in extracts of human placental mitochondria. We
cannot be certain whether the MAO B is present in the
placental tissue itself or is contributed by blood cells
(especially platelets) which are difficult to separate com-
pletely from the placental tissue. It will be of interest to
use this combined immunoprecipitation and inhibitor

assay to quantitate the levels of MAO B in other cells or
tissues which have been reported to have various levels
of MAO B activity.
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