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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 21of 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 (MA0) [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-phenyl- 

1,2,3,6-tetrahydropyridine (MPTP) [4-6]. 

Recently, we have prepared tryptic peptides of both purified human placenta MAO-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 

+Correspondence should be addressed to this author. 
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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 

~ .  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]. 

Amino Acid Composition. Amino acid composition was determined on a Beckman 
121 MB amino acid anaiyzer after hydrolysis in 5.7N HCI at 110 o C for 24 hours and cysteine 
content was determined as cysteic acid after performic acid oxidation. 

Carboxymethylation and TryDsin Digestion of MAO. Enzyme (1 mg) in 1 ml 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 I~1) at 370 C. 

Separation of oeotides bv reverse-ohase 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]. 

Analysis of isolated peptides. 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 MAOs 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.l, Fractionation of tryptic digest of [14C].carboxymethylate d 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 I (0.1% TFA) to 40% solvent II (TFA-water-acetonitrile = 
0.1:9.9:90, VNN). 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 10~1 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 residLJes 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. 

Dudng amino acid sequence analysis of peptides 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 
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Fig. 2. Comparison of amino acid sequences of bovine liver MAO-B peptides with the 
sequences deduced from human MAO-A and -B. 

In each set, the deduced sequence of human MAO-A, the deduced sequence of human 
MAO-B, and the determined amino acid sequences of bovine MAO-B are shown in lanes 1, 2, 
and 3, respectively. The numbering of amino acids of human MAO-A peptides is shown 
according to Hsu et al. [15]and used to indicate the positions of these peptides. The asterisks 
indicate positions occupied by identical amino acids. 

cDNA 2301 M D L L G D Q V K 239. Furthermore, we determined the sequence of one peptide 

from human placenta MAO-A as E V L H A V G K. This sequence has strong homology to 

that of one peptide from bovine liver MAO-B, E I L H A M G K. As shown in Figure 2, the 

230 239 

I M D L L G D Q V K  

I E D L L G D  QVK 

I Q D L L G Y Q V K  

Fig. 3. Comparison of amino aicd sequences of two human placenta MAO-A peptides (lanes 
2~5-d-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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