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We have prepared peptide maps from human placenta monoamine oxidase type A
(MAO-A) and bovine monoamine oxidase type B (MAO-B) and determined the amino acid
sequences of 210f these peptides. These sequences have been compared to the cDNA
deduced amino acid sequences of human MAO-A and -B. A result of special interest is the
identification of two sets of MAO-A peptides which have sequences different from those
deduced from cDNA sequences. This observation is consistent with the notion that MAO-A
may be composed of at two subunits which are similar but not identical in primary amino acid
Sequence. © 1988 Academic Press, Inc.

Monoamine oxidase (MAQ) [monoamine: oxygen oxidoreductase (deaminating), EC
1.4.3.4.], a covalent FAD flavoenzyme, is of considerable pharmacological interest because
of its central position in the metabolism of monoamine neurotransmitters. Based on their
specificity for substrates and inhibitors, particularly the selective suicide inhibitors clorgyline
and deprenyl, two types of MAO have been described, MAO-A and B [1-3]. Although the
human brain contains both types of MAO, MAO-B, but not MAO-A, has recently been found to
be directly involved in the induction of Parkinsonism by the neurotoxin, 1-methyl-4-pheny!-
1,2,3,6-tetrahydropyridine (MPTP) [4-6].

Recently, we have prepared tryptic peptides of both purified human placenta MAQ-A
and bovine liver MAO-B. A significant number of peptides from these two preparations have
been purified and sequenced. This is the first time that amino acid sequences of two types of

MAO other than that of the FAD penta peptide have been determined. These sequences are
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important not only in illustrating the structural difference between two types of MAO, but also
in designing oligonucleotide probes for the identification of MAO clones. These sequences
are also very important in confirming cDNA sequences, especially frame shift errors [7], and

for the detection of a frame shift in cDNA clones [8].

Materials and Methods

Enzvme Isolation . Bovine liver MAO-B was purified from bovine liver mitochrondia
according to the procedure described by Salach [9] and further purified by sucrose density
centrifugation as previously reported [10]. Human placenta MAO-A was purified as
previously reported [11].

i i iti Amino acid composition was determined on a Beckman
121 MB amino acid analyzer after hydrolysis in 5.7N HCl at 110° C for 24 hours and cysteine
content was determined as cysteic acid after performic acid oxidation.

xymethylation an in Di ion of MAQ. Enzyme (1 mg) in 1 mi of 100 mM
phosphate buffer, pH 7.4, containing 6 M guanidine hydrochloride, was incubated with 0.96
mM 2-mercaptoethanol for 6 hours at room temperature, followed by an overnight incubation
in the presence of 60 mg of iodoacetic acid. The sample was dialyzed for 24 hr against 4
liters of water and for 24 hr against 4 liters of 100 mM ammonium bicarbonate. The dialyzed

sample was digested overnight in the presence of trypsin (40 pl) at 370 C.

Separation of peptides by reverse-phase HPLC. The peptides were separated on a

Vydac C-18 (Western Analytical Labs) analytical column and rechromatographed with an
Altex ultrasphere ODS (Beckman Instruments) analytical column. Chromatographic
conditions were similar to those described by Yuan et al. [12].

f isolat tides. The isolated peptides were characterized by amino
acid analysis, sequence analysis and fast atom bombardment mass spectral (FAB/MS)
analysis. Automated sequence analysis was performed on a gas phase sequencer built at
the City of Hope [13]. Positive ion FAB/MS was used to confirm our results as previously
described [14].

Results and Discussion

The tryptic maps of the human placenta MAO-A and bovine liver MAO-B generated by
reverse phase HPLC are shown in Figure 1 and are clearly not the same,indicating that the
primary structures of these two MAQOs are substantially different from each other. The
cysteine-containing peptides (identified by [14C] iodoacetic acid labeling) are also different
for the two MAOs. The amino acid sequences of seven tryptic peptides of human placental
MAO-A were determined and used to identify a cDNA clone encoding for human MAO-A [15].
The amino acid sequences of fourteen tryptic peptides of bovine liver MAO-B were also
determined. These bovine MAO-B sequences are compared to the sequences deduced from

human MAO-A and -B ¢cDNA [15, 16]. It has been reported that the amino acid sequences of
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Fig.1. Fractionation of tryptic digest of [14C]-carboxymethylated human placenta MAO-A (A)
and bovine liver MAO-B (B) by reverse phase HPLC.

The peptides were separated on a Vydac C-18 column (25 cm x 5 mm) with an 80-min linear
gradient frorm 100% solvent | (0.1% TFA) to 40% solvent Il (TFA-water-acetonitrile =

0.1:9.9:90, V/V/V). The flow rate was 0.8 ml/min. One ml of 50% 1-propanol was injected to
the column at the end of 80 min. gradient program, indicated as "A" on the chromatogram, to

elute the core peptides. Fractions were manually collected and 10ul of aliquot from each

peak fraction was counted for [14C] radioactivity. The shaded peaks represent the
radioactive fractions.

human MAO-A and -B are ~ 70% identical [16]. Figure 2 shows that those amino acid
residues that are identical between human MAO-A and -B are usually conserved in bovine
MAO-B sequences as well. More interestingly, among those amino acid residues that differ
between human MAO-A and -B, the corresponding residUes in bovine MAO-B peptides are
identical to those of human MAO-B in most cases. These 'results show that the primary
structures among the same type of MAO from different species are more conserved than
those of the two types of MAO from the same species. These results suggest that the genes
for MAO-A and -B are derived from a common progenitor gene that probably diverged very
early during the revolution.

During amino acid sequence analysis of peptide"s‘ isolated from the placenta MAO-A,
we found that two peptides have eight residues identical to each other over 10 residues
(Figure 3). They contain one conservative substitution from Asn to GIn and one substitution

from Asp to Tyr. These sequences are different from the amino acid sequence deduced from

447



BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS

166, No. 1, 1988

Vol.

D
B
=
Q.
N @ o 2
Pox o > o
- = o 8 £
. 2o wrn . cged g 2 3
Ll - A NAx Ax A i Sez? o] [o] N
EENCE Nt RNV R = 2 maoa w E [
Ox WK MMEMxX 2 5 £ S-£Q o [] =1
HE H* H ok AR M I & cwLo o < 3
Sxs H A I = £ £ E 9 o
M m N k= M+ @ 35 = — .2 O oy =
Hx Hx H =% Bk K ~ w o — . c F
Zx Zx R R ® A = 2 vy @ c
g x L x g EE I » OO [e) c
Gx Ox QO ok @k Rk O de 3 . =
GERIE N HE HE B A mamaemooo - [T N o n%ﬁ..”m o v c
« M MM MM KX A Mk > SxD>x > A = eeponlu. [¢}] » W
“*P “ s © Tk R*E w = QK ok A Bk B fr o o W W.WW.W « g &
o = [T Ox Ox O S I Ak xR Q. D [} = =
>x>x > B Wk O MMk H & H o< < "
&k a @ o e AR o D~ & - o
ok Mk D R g T BTO0O o T © 0w
AT [SIE NI ] A K Bk LI S NS VQKO eAAh @ = <
< axa * Mk MM Mox M X W Bk @ Box Bk B < 8<ssZ e O
[ R [T T Y A fOx O ] s dM e c 3 .
Ox o O ok mk PR Bk Bk B [T U AN 33 c E & X
N a Hx H > PR I ] Ax O« A nx Nk 0 A S >x > m..v dnamv - D o
o * s >k > Aaxaxn O Ox O [k fu > o>Eo 2 o
AxAx A L x &« g aAx Aax A = 03 D 7 M o
WS HxH ©WA%x KAk Odx Ak Ok Mk > £Q2= w NN
x> x D> Z Nk o _ ™ © @ X o> > [+}] 7] © = o~
o AL & MBExEH & ODxP>xD> THEHxH c S O < > >
O MK Hx M Hx H*x H ~ Bk Bk W 5 A.AOOD.& D - .
S >k D [E IR SRS .W O%&e..m S I a o
. D c - ;
Q >k Xk Bk Ak - Amc.l% o ¥ = oo
~ Mm@k @ O Mean 5 o T e
o O n &N VWD £3500@C £ L
N D WOE O = > -~ HaA
Lol - 1 > O A ma me.m.:nlum a fos) aaa
Zx R KE Bx2«E Fo .Wsa.ma e < n_u smo
h _
oK H AR W..O ll”m.onwoa = I < %III
Zx Zx 2 Ak oAk O Mmx K e ° & ..l..m rw 1 M o~
Zx Bx A [ % nxn O eOnns.nGvn > =
Sk Mk o > om o > ] >k >k M SR T m.m.n%% o o
koK axoxa - < B QH ek A S« med.W, n L 2
MRk E Rt PRI R Hk EHK B > H A Om qam%b nﬂ % oy
[ERE P Bk >k > o M@ RN cE nsvwmad < £
DK bk D> @ Bk E EE R Ok VKO Eeg gEon? > < s
A o> H Hx HEH a oxo OxrOxO ..alum th[an. o O .m
RS ak Bk A0 moa w9 vxwvrO o o<« Ue_lamw a <
n =Zx 3 7 OEkE OMK KK M HE Hk H ™% X+ X Kk KN MK MK M mw .wmu.v.,mv.o > nmv
> ax A z¥zxx= H* H* H K HK H RN RN vroxo 69 Vg 5w O s £
Oxwx O 5¥pr> badr> EaExE  mxxmxx  Oxaxa 4 Nx=x B e.pnv.wmmvm -4 T 5
H mk px B » W Dk ISR T JERE P MRk M o axa umtw = -4 & B
M axa Ak Pk A OxOkO Ox OO mxm o Q Mk oMk ® Z  omk T mS .ouw.mpmw o & B
B ome W ok T K fu = Ax A VX Ux O Uk Ok O Ox Ok O A+ Ax A3 C% Sa%mp = o o
H+e 3«3 SR M DAk Ak MKk kM AH AxHd ©OEx X« =2 o> HxH c hB,r.nIuMw = c Q
.ﬂL*L*L HG*G*G NME D> OAaxAxA OMcMxX MZx Zx 23 TRk e | 2% %ﬁ.uam% nﬂ«w m m
- (] VTV Ox
k= 14 nAnc.m N S5 ©
Ll E2c®CE < £ 5
Z £ =
Q g &
C - —

Fig. 3. Comparison of amino aicd sequences of two human placenta MAO-A peptides (lanes
448

2 and 3) with a sequence deduced from human MAO-A cDNA (lane 1).
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sequence of this bovine liver MAO-B peptide is completely identical to that of the
corresponding peptide in human MAO-B. However, the sequence of the mentioned human
placenta MAO-A peptide is different from that of the corresponding peptide region deduced
from the cDNA sequence, 458E V L N G L G K465, These results are consistent with the
notion that human placenta MAO-A consists of two subunits which are very similar, and
possibly arose by gene duplication. Our results can also be explained by DNA
polymorphism as suggested by Ozelius et al. (17).

In summary, this communication we have presented data including peptide mapping
and amino acid sequences information of human placenta MAO-A and bovine liver MAO-B.
We have compared the sequences of bovine liver MAO-B peptides with those of human
MAO-A and -B. We have also provided results indicating sequence heterogeneity for human
placenta MAO-A.
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