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PRIMARY STRUCTURE OF HISTIDINE DECARBOXYLASE

V. N. Prozorovskii, A. E. Alekseeva, UDC 612.015.1:577.152.213].08
and O. G. Grebenshchikov ’

KEY WORDS: histidine decarboxylase, primary structure, structural similarity

It is impossible to understand the mechanism of action of enzymes without a detailed
study of their structural organization. It was for this reason, therefore, that we decided
to investigate the primary structure of the enzyme histidine decarboxylase (HD) of Micrococcus
sp. n., responsible for the catalytic decarboxylation of L-histidine, with the formation
of the physiologically active substance, histamine [7].

The aim of this investigation was to summarize the results of a study of the primary
structure of HD from Micrococcus sp. n. and the compare its primary structure with that of
the HD from another bacterium, Lactobacillus 30a, as established bya group of American in-
vestigators [9, 12].

HD of Micrococcus sp. n. has mol. wt. of about 100 kD and consists of 3a~- and 3f-poly-
peptide chains, differing in their molecular weight and amino-acid composition [10]. One
difference between bacterial HD and pyridoxal-dependent HD of animal tissues is that the
role of coenzyme in the former is played by the pyruvate residue, the carbonyl group of which
takes part in the catalytic act like the carbonyl group of pyridoxal phosphate.

EXPERIMENTAL METHOD

Pyruvate residues in the bacterial HD molecule are covalently bound with N-terminal
amino acids of o-chains, and determination of the N-terminal sequence of amino acids in this
chain therefore required the use of methods unblocking the a-amino group of the N-terminal
amino acid: conversion of the pyruvate residue into alanine by reductive amination or its
removal by the reaction with o-phenylenediamine [1]. Analysis of the N- and C-terminal amino
acid sequences and also of amino-acid sequences in the various tryptic peptides of the a-chain
(maleylated and nonmaleylated) was insufficient to establish its primary structure [8, 11].
Further structural analysis was undertaken of large fragments of the a-chain obtained by
chemical cleavage of the protein molecules: cleavage beyond tryptophan residues (with iodo-
sobenzoic acid), cleavage at cysteine residues (with nitrothiocyanocbenzoic acid), and re-
stricted acid hydrolysis (with acetic acid) [3-5]. On the basis of the results of these
investigations, the primary structure of the a-chain could be identified and it could be
shown to consist of 225 amino~acid residues.

The B~chain of HD consists of 79 amino-acid residues and differs from the a-chain is
not containing proline, histidine, tryptophan, and cysteine. The primary structure of the
8-chain was established from the results of analysis of amino-acid sequences: of tryptic
peptides of maleylated and nonmaleylated protein, and of the N- and C-terminal regions of
the chain [2, 11].

EXPERIMENTAL RESULTS

The identified primary structures of the o- and B-chains together form the complete
primary structure of HD of Micrococcus sp. n. (see Scheme 1).

Research Institute of Medical Enzymology, Academy of Medical Sciences of the USSR, Moscow.
(Presented. by Academician of the Academy of Medical Sciences of the USSR S. S. Debov.) Trans-
lated from Byulleten' Fksperimental'noi Biologii i Meditsiny, Vol. 107, No. 1, pp. 36-39,
January, 1989. Original article submitted February 20, 1988.

0007-4888/89/0001-0041$12.50 © 1989 Plenum Publishing Corporation -4l



............ na't
_ sxi | asve A 0T — Odd|— aES —| oy |— n&1—| FiI— dSV— AL~ AID\— HII— TVA—DAV — X N - VA~ ATO—¥HIL — THd — 08d| 1
— 01| dSV— TVA— NTO — O¥d)|— " NSV—| oyy |— T ¥II- 4SV — ¥AL-— KI9|— NFT — ¥HL—¥Es —| AT — NI _i na—| X0 9HE — HHd — ¥Ad| W
NIVHD-0
_ A - | 1AW= gy |- 1T N A [ g1 | ¥AL
_ G — <...2 SHI AT ,rm:zl N3 A [—— oo T s 15 T YAL
‘ z%l,mﬁ 10 — vIv — swv|— dsv
NSV - SKT i_ 019 — VIV — 94V |— X9
N — __ VIV _ dSV —TVA - ‘SA1
AL~ ¥as|~ TVA- TII —KTO —dsv— naT —| TVA—dSV— d§V— A8V MMm.yﬂqul. dSV—OV —TVA —XTD d¥I — SAT— VIV
— | wxg— wmsl- VIV—13w—dsV — X1 — TII —| TVA dSV— dSV— asy|— AT — ¥HL — sx1— sV —TV - VA -~ wé
o7 - zo- wE Tva—| SAL— AIO|- NSV | XT0— FII —NSV— AT9|— OMd—| QIOTLAW Enf xTo |[—D¥V — ¥HL—ddL — NI9—| SA1
—| 0FT |- dsv- A KO | ¥KI— KT} 0T —| KO- TII — NSY— XTo|— NSV—| ni§—1aw|— FHd— A= SKT — ¥HS—¥AL — sx1—| SAT
YAL — O¥d — ¥AS— FTI — ﬁ« qul “BAV|—asv — VA —  &To |- nw1 — SKT—NSV —| - 0FT|— SKT— VI —|  gqy|— MT— IO—¥Is 1
— FH— 019 NSV— AT — | oav|—¥¥S— TII—| AW |- FII — IO~ sx1— OFT | TIT —— SAT ~- mm<,l YHI— SAE~SAT—LHAW W
urey)- g

T HWLHDS

42



9%z
"¥aL - sa1 |— asv |_ VIV — NSV |- NSV—VTv —¥8S—| 0d1
| MAL - SAT [~ TII —! VIV — NSV |— dSV —SAT - mEI_ N1
——— ¥ES|~ SAT—| AL~ XTO—|IdW — SAT— NI~ DFT— Qdil— 1o - o¥d — IEW- ¥ML ~ OFT - NSV - 0T9— LW~ dSV —SXT-dSY ++ Odd— ¥HL
T ¥WES|— 0I9—| AL~ dSV—| IHR- SAT— IO OFT— ddT |- (" o¥d ‘nIo ‘¥dS ‘N1 ‘NI ‘nIoCEHd‘dSY asv - SKT —l¥HI

A T XD 0d4dTT| AT TMEST  dSV
T yHI NSY' U WHITT) Q47 T ¥AS T dSV

HII — VIV — NSV
FIL - VIV - NSV

- VIV ~TVA ~ ¥HI—
— X0 ~01 — VIV

e qu!_ H1I ~¥ES,

—— NTID— w HII - S,

— d@TI T 0dd .~ FII — ¥IS— VAT HUAL - Odd

- "IVA »x_om.m - @71 - ¥AS— 'IVA—-¥AL-— Odd

— yv— s

- K9~ TII — NI9 - XI9—O0dd — 0T LW~ LIW|--memen wHr—| WAE- VIV- EHd - KT9- ITI - duI-¥ES —¥S|— 010 - FHd—| yms
— AP -TII — NI 219~ 0¥d— AT .z “LEHW— dHd— wm<|_ MAL T VIVS HHd - AT HTI T 4¥I T ¥AS T ¥AS | .dSV m.ﬂ.!__mlmﬁi TVA I_ SIH
——— VIV — dSV—"N19— XIO—"SXD |19 —| VIV — TTI — YIS— SXT |— FII— ¥AS— SAT- VIV—LAW-— VIV~ SKI—|oyv {— odv— X1 — ' —| OF1
—= VIV — dSV — N9~ X9 —SXD |~ gsv —| VIV — TII — ¥AS—gxq | IO~ NS¥ NAT— AT FTi— O¥d— STH—| gyy |~ SAT~ Q10 — dsv—| Ad1
_ . ] R | | v L [

YAI- 0719-| NI _:5 ool cdd™— Ao} dsV T o¥d | ¥HIT Eun_ a4y |~ WA= XB— VIV—dSV |— o —| vA— 3Hd—LIW
— ¥AL— Q19— "TVA ) Nq1 |— SAT| NI9|— HEHd— VIV—| dSV— odd |—. SAT |- o9, duL ~——¥AS — VIV~ X19—| dSV |— ¥1T —| " IVA— AHd—13¢

— 45— ddS—dsv - SAT

— YHL._ 0¥d. dSV— SAT VIV— HHd- ¥IS— FIf —| VIV— TIT— VIV — yas |- dd—| TVA— XID- ¥AI— XIO— 0O AT
- NSV—| ¥HS —dSV ~ SAT

................. VIV _ NSV ¥ES. dSV'— VIV— ¥AL~~{10 — VIV~ FIL_.VIV — ¥IS |— ¥AT— VA~ K19~ A1~ &~ nm— A
i |

| oui sxr |—1EW—| dsv|- viv—asv —mov—| sa1 | oua—ouv |- 01| vv|—smi—| wa- xm—sx1 - NSV~ viv— szo |~ TVA
—| Odd- SAT | — §HI—| dSY|— dSV_¥HS — ATo—| SAT|— mﬁl‘ O¥d— DV |— ¥WES—| VIV|— Tva—| VA - ATD _SAT — NSV — VIV — SAD |— g1
— ITI -HHd — ¥IS—| XTO— VIV — 08— ¥AL —| crr —enpu — — I

IS KB — OMI—VIV — 084—¥AL~| s7H—uy — o¥F | agy | VD01 —qL- x7o—| T WAL 0T - TA- 01|~ vy
—¥4S —IW — VIV—| 310 — oyd—dHL — ngT—Odd —f ETY-D¥V— oMV | NIO |— HI — N'IO — NTo—| BHd —dAL — 18- TYA-NTT |~ x19

dSV--T9 — Nd1

............... oAV — ISV
oud —| ST/~ Vv — asv—| waz |— 211 —| owa— nu1|— TIO—| WA= KID [ + dSV—ddL — NTD |- HI—| NTO—UHL ~ HHd — 0T — Odd
01 SAT— WA — NTo—| FAL berrrrrrn O¥d . [T |ecrmmemoenn ¥FS- KT |— SAT | dSV. d¥L — NID |— ¥AS—| NID—YHL - HHd - OAFTI— Odd

43



It is interesting to compare the primary structure of HD of Micrococcus sp. n. with
the primary structure of HD of Lactobacillus 30a, for these enzymes differ mainly in their
three-dimensional organization (quaternary structure). For instance, HD of Micrococcus sp.
n. is a 3(a + B) trimer, where HD of Lactobacillus 30a is a 6(a + B) hexamer. Comparative
analysis of the primary structures of these enzymes shows that they have considerable struc-
tural similarity (52%), evidence of their origin during evolution from a common ancestor.
However, despite the considerable similarity of the primary structures of HD from different
bacterial sources, differences between them in amino-acid sequences in many regions of the
polypeptide chains lead to the formation of different quaternary structures also. Never-
theless, differences found in these enzymes, both in their primary structures and in their
corresponding quaternary structures do not affect the basic function, i.e., catalytic de-
carboxylation of L-histidine. The existance of conservative regions of amino-acid se-
quences of the primary structures of these enzymes must also be noted, including regions
with residues whose functional groups playa direct part in enzymic catalysis. These are the
N-terminal region of the a-chain with the pyruvate residue (PYR-PHE-THR-GLY-) and the region
with a cysteine residue (-ASP-CYS-GLY-SLN-ASP-) ina hydrophilic enrivonment [6].
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