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ENZYMATIC CHARACTERIZATION OF A NEW HYDROLASE 
FROM MICROBIA’ ORIGIN

ROHOS KEVORK VLSRO.'l -\M) STAS'KA PETCOVA SlOEVA
De,՛;։, of Organic Chemistry. !«*  ֊■՛ cd Cltero cal .cJ.nvh gy Sofia. Bulgaria

Abstract Ilie enzym.jllc pr<։;.cr:iu‘s j! pmtetily։:՛ enzyme isolated from 
Вас. mrsenlerleas strain 76. selected by hulgarnn nucrobiplogbis were 
Investigated. The proteinase пали: I as *MGP  76*  (mllk-do. ling prole.nase) 
Is a ineialoenzyms of 331УЮ n;vl. weight.

On the basis o: the enzyme properties and >; rue lure the new 
enzyme Is considered i me -il-cne'ai ч-sensible alcaline proteinase, which 
is ico strange to find s । 'ace in the Morihiro classification, but can be 
defined alter Dixon and Webb -I- 'ar. mesen •՛■ .. •;.֊> aicalme pro
teinase-

Аннотация—Iby'ichu фермеитйгня.ше cbohcthj прогеолитичсскпго фермен
та, изолированного из Вас. inesentericas (штамм 76)—болгарскими мик
робиологами. Молокосзёртызэклцая протеипазл, названная «МСР 76*  яв
ляется металоэнзнмом с и а -33 000

На основе изучения снопеi в н структуры нового фермента он опре
делен как Чувствительный к хелатам металлов алкаянц-лро:еннзз8, кото 
рая слишком необычна. чтобы классифицироваться по системе Морнхары, 
но может 6utt> определена по Диксону н Уэбб как 3.4 2-1 4 Вас. mesen- 
tencus alcaline proteinase

Անոտա^իսւ — Ու»ումնա»/էր։[1{ ծ!> /,ճք էՈէ՚ՏՀՈէճւ iCt:Տ (շտամ 7Տ)~րյ), րնս-րվէսծ 
(.Ոէքղարական մ իկրո]’ 1ւոքոգների կողմիդ, ւսՆյւաովսյհ սքրոտԼո/ {՛տիկ ֆերմձնսւքր 
ֆերմեՆօւււրտքէվ հաս.(րէւք1 յուններրւ huifl թսւհՏրաւյնորյ ti/րուՐեjriiա հյէ, որհ անէ/տ}։- 
ւ[ած Լ tfVtCP 7ք>», 3300 ւէոյ. մետազաֆերմհհտ Հւ

ՖԼրմենսւի Հատկութ յուննհրֆ և կաոուէքվս/ծքրքէ ուսամՆասիրւ! mb հիմահ վրէս 
նոր ֆերմ ենտր Համ/սրվ!./ Լ մ Լւոաւյներ/ր քսև[ասւնԼրի նկատմամբ qtfut/n.b ա[կա- 
(ային ուրոահյւԼ՚սյւ], որր չափից ղուրս արտասովոր I,, որպԼսզի /քասակտրգվի րԱտ 
Մորիհարաչի սիսսէձմի, րայց կարող I, րնորՈշվԼ/ րսսւ Դիրււոնքր և Ոէերրի Որպես 
3. I. 24. 4. Bae. mesentericas clcaline proteinase.

Key w irds: mtlk-cardiln ; en-yme. ulcallne prot.-ase, Bacillus mesenhiricus.

The hydrolase, subject of our report is a proteolytic enzyme Isola
ted from Пас. rnesenterictis strain 76, selected from bulgarian microbio
logists [1]. Once established as an industrially interesting enzyme, they 
were elaborated new growth conditions of this strain, getting higher en- 
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•yme productivity [2]. This proteinase, named from us WMCP 76*  (milk- 
'dotting proteinase from strain 76), having an alcaline optimum (pH 9,0) 
of peptidase activity |3| one Zn-atom per molecule in native state [4.5J, 
stabilised by unidentified number of Ca-atoms [6], Is isolated from the 
extracellular liquor and prepared in chemical pure state by ethanol-pre
cipitation and anionexcaange column chromatography |7|. MCP76 is a 
metaloenzyme of 33300 mol. weight, single polypeptide chain with 301 
amino acid residues, missing cystins [5|. With its N-terminal arginine 
and masked C-terminus it is histidine protein [8]. Beside the typically 
endopeptidase activity the enzyme demonstrates an esterase activity and 
high milk-clotting possibility. So It became a very good microbial ren
nin-substituent for the cheese making Industry. By its amino acid com
position, sensibility to specific amino acid-modifying reagents, as well as 
by some enzymatic properties MCP 76 resembles the thermolysine from 
Bac. ihernioproteolytlcus Its individuality is established by the se
quence of 15 amino acid residues from the N-terminus [10], which dif
fers from all the Zn-proteases with known amino acid sequence and 
from thermolysln too [11, 12J.

• Abbreviations: BAEE—N—s—benzoyl- 1-—arglnineethylester; TAME N— 
—tosyl—L—arglninejnetaylester; ATEE—N -acetyl —L—tyro$lneeihylcster; TEE - 
-I.- lyrosineethylester; BTME- N—benzoyl L—tyrosinemelhylester.

The sim of this proceeding is to discuss the enzymatic properties 
of MCP 76 in connection with Us usefulness in other fields of specific 
hydrolysis, in the enzyme catalysed peptide synthesis and so on.

Proteolytic and esterolytic activity of MCP 76. The proteolytic 
activity was determined towards high molecular weights substrates: 2% 
llammarsten casein solution in 0,1 M KC 1 4֊ mM Ca Cl8 and 2% solu
tion of urea-denatured hemoglobin [13, 15]. I-or the esterase activity were 
used the following substrates: BAEE, TAME, ATEE, TEE BTME*.  The 
enzyme catalysed hydrolysis of the substrates was followed using Radio
meter autotitrator with pl! state and after the absorption changes of the 
substrate solutions: tor BAEE at 253 nm; for TAME al 247 nm; for ATEE 
and TEE at 237 nm and for BTME at 256 nm [16, 17|.

The pH-actlvity curves for the hydrolysis of casein and urea dena
tured hemoglobin by the action Of the MCP 76 showed an optimum pH 
at 8.5—9.0 for the hydrolysis of casein and pH 8.5—9.2—for hemoglo
bin. There Is a difference in the pH-activlty-pl I curves for both sub
strates in the pH region 6.3 -6.9, where case in hydrolysis is about 
I..j—times greater than hemoglobin hydrolysis under the same condi
tions. The activity of MCP 76 on synthetic substrates showed an optimal 
pll 6.6 for the hydrolysis oi TEE and pH 8.0 for the hydrolysis of 
BAEE. The rate of the PEE hydrolysis is 4-limes higher than of BAEE 
under the same conditions. The K.n for TEE and BAEE—hydrolysis de
termined at the optima! pH for each substrate is 83 mM for TEE and 
26.6 mM for BAEE (Fig. 1).

The esterase activity of MCP 76 towards the other esters was tes
ted comparatively with DFP treated—MCP 76, trypsin and chymotrypsin. 
Each enzyme was investigated at its pH —optimum. It was established 
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that the trypsinlike and chymotrypsinlike esterase activity of MCP 76 is 
about 10- times weaker than that of active trypsin and chymotrypsin 
115). The drop in activity afterDFP—treatment is 3 5?oVS. both typical 
trypsin and typical chymotrypsin substrates only after 4—hours ofjncu.-

Fig. 1 — values lor the hydro))՛tis of TEE and ВЛЕЕ t։y
the action о? MCP76.

bation. Consequently, prom the results obtained it may be assumed, that 
the MCP 76 esterase activity |towards specific tyro sin and chymotrypsin 
substrates is its own property and Is nut due ,t< vrine -protein conta
mination. the other hand, the slow and weak effect oi DFP on 
MCP 76 may be ascribed to possible nonspecific interactions with serine 
residues out of the active site, leading to a violation of the enzyme 
native conformation. The pH-optimum of 8.5—9.0 Is a typical alcaline 
proteinase property, but the lower proteolytic activity of MCP 76 al 
pH 5.8—6.0tmake$ it suitable as cheese making enzyme.

The p usefulness if MGI 76 as bial rennin-substitu
ent was the reasor our investigation ՛:. Its p ՝pho> tcrase activity. 
Phosphomonnesterase activity was determined at pi 1 6.5 and 9.0 after 
the released p nitrophtnol frerr. f —r.itr- phenyl ph sphaie^ as a sub
strate ]18j. For the phosphodiesterase activity bls—(p -nitrophenyl) —phos
phate as a substrate was used |19|. The absorbance at 400 nm was 
measured and the activity was calvriau i on the basis ci molar absorp
tion coefficient 17:<KP M ' c.u : of the released by the enzyme action 
p—nltrophenol.

The experiments show t le pre iominance oi phosphodiesterase acti
vity at pH 6.5 oi higher velocity than as pH 9.0 [20].

The established esterase activity oi MCP 76 is nut surprising. Some 
neutral Zn—proteases from Mac. therm >proteo!yticus, line, subttlis 
and Aeromonas proteolytlca hydrolyse ether binding too (21 |. This 
fact implies that esterase activity is a property ՛ f ?2n —proteases at all. 
The presence both of proteolytic and esterase activity In MCP 76 indi
cates according to Holmquist and Vallee |21] that ester and peptide 
bond hydrolysis proceeds by identical binding and catalytic mechanism.

As a proteinase, MCP 76 has a high hydrolytic capacity towards 
casein. Studying its proteolytic activity after the release of ТСЛ -solub
le nitrogen, MCP 7G show! about 5 and 2.5—times higher activity than. 
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the rennin and the pepsin respectively, by the same conditions. By the 
kinetic study of this reaction at pl I 6.5 was established, that rennin and 
pepsin catalysed reaction ended after about 10 min, while MCP 76 hyd
rolysed even after 63 min still by the same Initial velocity. This con
tradiction In the hydrolysis rates obtained we explain with the phospho- 
esterase activity of the enzyme, leading to the split boll։ of peptide and 
phosphoester bonds of casein fractions. This fact was confirmed with the 
drastic change of the electric charges of MCP 76—treated easel։։ fracti
ons, established by PAGDI7.

The MCP 76—catalysed hydrolysis reaction specifity was studied 
on oxydlzed Insulin 3—chain. After fractionation of (he peptides obtai
ned and determination of the sites and rates of splitting, the specifity of 
MCP 76 was demonstrated in comparison with known metal—chelator ֊ 
- sensible neutral and alcaline proteases, as well as with rennin and 
some rennin—substitutes (Fig. 2) |20J.

'■ .
՝<S՛ fyltyltlti iy v! y Drrg Phf y.‘ /Ar PrtlyS Alt

teases. R—calf reiuHri, l>—bovin pepsin. Mm — bacterial ,'protease from Mucror

j II | ? | J
* 1 1

1

1 : 1

•

1

♦ t i • 1 •

1

1

t
f> 1 ։ 1 ! ։ <• • 1 I
Wm | ) 1 1 1 1 I i

" 1 1 1 1 1

Fig. 2. Site oi clva՝age of uxydized .iisuhn B - chain by MCP76 and other pro-

inlelie (tnilk-clolting enzyme), Tl liter tnolyslne.

Our results, obtained by using of low and high-molecular peptide 
substrates indicate (Fig. 2), that MCP 76 hydrolyses mainly peptide 
bonds, containing amino groups of hydrophobic amino adds of glycine 
and histidine.

Tills type of specificity is characteristic of tae neutral metal che
lator—sensible proteases. They split mainly peptide bonds containing 
amino group of leucine, valine, phenylalanine and tyrosine. There are 
only small differences between the specifity of MCP 76 and these pro
teases. But MCP 76 differs signlflcandy from the alcaline metal—chela*  
4or—sensible proteases (according the classification of Morihara |22|). 
The hydrolysis activity of .these proteases is of lower specifity—they 
split from both the aniin՛» and carboxy side of same amino acids.

As can be seen (Fig. 2) the enzyme splits at different rates t he 
same bonds in different surrounding In the B—chain (bonds Cys Gly 
at 7 8 and 19—20). This result supports the hypothesis on the more 
complicated structure of the MCP 76 catalytic centre—the presence of 
secondary contact sites necessary in the binding of the substrate mole
cule, like the structure of pepsin |23] and some other peoteases. In this 
case the hydrolysis rales depend on the neighbouring residues around the 
sensitive peptide bond.
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We studied the MCP 76—catalysed reaction small peptide substra
tes too. The enzyme was practically inactive towards nonprotected di
peptides at pH 6.5. The reaction was carried out on the peptide chosen։֊

1) Z—L-Tyr-L —lie —OH; 2) Z —.L—Thr — L — Phe — OMe;
3) Z- L—Pro - L — Leu -֊ ulyOH; 4) Z-L-Phe—L-Met-OH;
5) Furoyl -acryloyl—Gly -L—Leu ONH2 (FAGLA).
The reasons tor this choice were: the first three contain MCP 76— 

—accessible peptide bonds; No 4—the presence of Phe—Metbond —a—ca
sein bond mainly splitted from rennin in the milk--clotting process 124] 
and FAGLA a specific thermolysin substrate {25]. The hydrolysed bond 
in each peptide was estimated by TLC of the obtained fragments. The 
peptides 1—4 were dissolved in 12.5% aceton in buffer (pH 6.5 and 
9.0). The results are given In Table 1.

• By TLC on Silulol places.
SI- Chloroform: aceilc avid (9:1) (for ; rotcccd peptides, Reind.Ie dien
S2--nBuianol: water: nyrldlne: aceilt avid (60:20:24:6) (lor protected՛ 

peptides. Relndle detection)
S3 — ri Butanol;acetic acid : water; pyr dine (15:3:12 10) (fur free .uni ip 

acids, ninhydrin detection).

Table 1 Kate and specifity 
peptides

of MCP 76—catalysed hydrolysis n! protected

Substrate (in 12.5%
Hydrolysis rate 
(և 1 10 mM 
KOH.min)

pH 6.5 pH 9.0

H y d j olysis fragments"
ace ion in 50 mM
KC1 4-1 mM CaClj

(TIC solvent systems)* ’

S 1 and S 2 S3

Z-L-Tyr L—lie—OH 3.0 3.0 Z-Tyr lie—Oil

Z—Thr. Phe- OMe
Z-L Thr—L—Phe—OMe 1.0 3.0 Z—Thr—Phe—OH Phe-OII

Z -Pro,Z—Pro—
Z—1.—Pro—L- Leu —Gly—Oil 0.3 0.7 -Leu Gly— OH,Leu-Oil

Z-L—Phc-L-Mek-OH 10.0 0.5 Z—Phe Met—OH

The resulting specificity of MCP /6 is as follows:

Z-T\r lie—OH; Z-Thr-Phe OMe; Z—Pro—Leu-Giv-OH;
I I t t L

Z Phe-Met—OH.
H

By the peptides studied there is no split of Z—Y bond (Y=Tyr, Thr, 
Pro, Phe). The comparatively higher rate of Phe-Met—bond hydrolysis 
by MCP 76 makes this enzyme effective as rennin—substitute.

The pH—optimum of the MCP 76—catalysed hydrolysis of Z- 
—Phe—MetOH was determined In study of titration curves. The titrati
ons with 19mM KOH were carried out using an autotllrator—pH—stat, 
on 1 ml portions oi 100 mM substrate solution in 50% DMSO in 
10 mMKCL-f-5mM CaCl2, with 5 Mg MCP 76 (—0.15 M moles) in 30 
ML lOOmM acetate buffer pH 6.5. The results (Fig. 3) show a sharp 
pH optimum of about pH 5.1.
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The pcptidoly'.i? activity tf MCP 76 towards FAGLA was estima
ted by the drop of the absorption at 345 nm |25J. The pH—optimum 
was deduced by using >i ImM FAGLA solution*  In buffers of differe.1 
pH. In Fig. 4 Is plotted the pH 6.5 as optimum.

Fig, 3. pH — dcpcndcncr - I ihr hvdto 
lysis velocity <>l Z-Phe—Met—OH i 

substrate by MCP76.

Fig. 4. pH — dependence 'ol FAGLA 
cleavage by MCP76.

It can be seen. that MCP 7G shows an activity towards ester and 
peptide bonds In synthetl- esters and low—and high-molecular pepti
des and proteins at different pH (between 5.1—9.2) dependent from the 
substrate and ihe type of the solvent media (water, waler—organic sol
vents or water Luis acids). Tins is .n accordan . and supports the idea 
of easier adaptation f microbial proteinases tow rds different substrates. 
It is supported by potentiometric tjlration of MCP 76. when occur sig
nificant conformational changes in the enzyme structure 23. These chan
ges became deeper, when to the Influence f pH added the possible 
solvation of more hydrophobic areas of enzyme molecule by organic sol
vents. In these conditions the adaptation of the enzyme reactive centre 
structure to the different substrates seems to be a favorable process.

Inhibitory effects on MCP 76. The search of an effective inhibi
tor of MCP 76 had two reasons, if the trypsinlike or chymotrypslnlike 
esterase activity or the proteolytic are not due to other enzyme conta
minations of serine type. On the other hand-to eliminate the autolysis 
of enzyme preparations during the investigation.

The following specific polypeptide inhibitors were tested: bull 
sperm plasma—Inhibitors (BUSI I and BUSI II), .<՝ mtrical*  (Cil)R) a 
formulation of trypsin—, plasmin- and kallgenasc—inhibitors, ovomuco
id, melitin, soya been trypsin—inhibitor. The results show lower than 
6% ot proteolytic activity decrease of MCP 76 treated with these inhibi
tors 115]. demonstrating again that MCP 76 is nut a serine proteinase. 
This low degree of inhlh lion may be due to the Inhibitors*  nonspecific 
Interaction with MCP 76.

Chemical modification effect on the enzymatic properties of 
MCP 76. This study refers to the interaction vl sonic specific amino

bHO.'ionrrecxHA acypRM ApweHHH, i ‘?
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acid reactants, which modify mainly the specific amino acid function in 
the active centrum of enzymes. On the Fig. 5 < re given the curves of 
inhibitory effect on MCP 76 From the results obtained may be summa
rised:

F g. 5. Influence of specific chenifcal 
modifiers of atnjb? a. ids on ihe pro- 
teolyuc activity of MCP76: I TNM 
(251)): 2 - DFP: 3-1.2 ryclobe- 
vidion (60:1) at p?l 8.0; 4 - DEPC.

5 — DFP -- trypsin.

The interaction u 1,2 cyclohexadion at pH 8.0, 35՛ [27] with 
MCP 76 leads to decrease of the proteolytic activity only with 3%;

The irnlner.ee of I)!;P is nonspecific too. Only after 4 -hour—treat
ment the loss of activity achieves 20%. In comparative study, the 
inactivation of trypsin occurs in few minutes [28];

Inactivation pattern of TNM (trinitromethane) —treated MCP 76 is 
almost the same. About 30 ։> inactivation is observed after 2 hours and 
in 100—times molar excess of T.X’M |29|.

This kind of slow an I weak inactivation of MCP 73 may be due 
to the binding of the reagents with arginine residues (1.2—cyclohexadi
on), serine (DFP) or tyrosine residues (TX'M) out of the catalytic, vent- 
turn of the enzyme.

The interaction of diethyloyrocarbonatc (DEPC) leads to drastic 
decrease of MCP 76 proteolytic activity [30|. This result shows a bound 
histidine in the rear tive centrum of the enzyme. The presence of 2 ac
cessible histidine residues on the surface of the native MCP 76 molecule 
was confirmed by potentiometric titration study of the enzyme [26].

Metal chelator- effect on the .WCP 76 enzymatic properties. As 
a Zn -proteinase MCP 75 is sensible to metal—chelators. Our Investiga
tion confirmed, that by I. ngtime treatment with ImM EDTA or OP (o— 
—phtalylaldehyde) MCP 76 was irreversibly inactivated. The reversibili
ty of this process was possible at reduced metal-chelator treating time 
and at higher concentration oi Ca ions. The time effect is shown in 
the Table 2.

From these results is to bo seen, that the reactivation is still 
possible by I mM Ca—ions In the reaction media, if the enzyme was 
first treated with metal-chelator not longer than 10 mln.
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Table 2 Kinetic of iht Joss and restoration c‘ proteolytic activity of MCP 76 at 
pH 6.5

Loss of activity (hi 1 niM 
EDTA-I ln։M CaCh)

Restored activlly (in ImM 
’CaCk)

ZnS0<-֊lmM

Time mm Resfdu«t«n֊iiy
5

time, min 
5 13

5 23.5 38.4 32.8 34.5

10 4.5 10.9 11.2 9.6

’5 1.8 —

After 10 mln treating in 1 m.W l-:i)TA by 10.) mM <3aCL at pH 6.5
and about 80*?,>  ol enzymes*  proteolytic acliviiy, 100 „ reactivation is
achieved by incubation ol the .ipocnzyine obtained in 1 mM ZnSO4 and
n։M CaCI։ solution.

By these results was demonstrated the importance of Ca -ions for 
the stability of the A\CT 76 native structure, established by other met
hods from us [6]. Probably, the irreversibility of the enzymes' inactiva
tion by longtime treatment with F.DTA or OP at low Cn—ions concent
ration is due to the changes tn the conformation of the enzyme, insuf
ficiently protected for lack of Ca—ions.

On the basis of the discussed enzyme properties and structure data 
we consider this new enzyme-the MCP 76, as a metal—chelator—sen
sible alcaline proteinase, which is too strange to find it-֊ place in the 
Morihara classification [22].

After the Dixon arid Webb „Nomenclature of enzymes-, must be 
defined as 3. 4. 24. 4. Bac. me sen ter tens alcaline proteinase regarding, 
that the enzyme is a hydrolase which hydrolyses peptide bonds 
(3. 4.), metal ion is participating in the catalytic me.՝.ianismj(3. 4. 24.) 
and is from microbial origin (3. 4. 24. 4',).
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СОДЕРЖАНИЕ ДОФА И ДОФАМИНА В НАДПОЧЕЧНИКАХ 
ПРИ ЭКСПЕРИМЕНТАЛЬНОМ ГИПОПАРАТИРЕОЗЕ

Д. Н. ХУДА ВЕРДИН. Г. Г. БАКУН и
Ереванский государственный медицинский институт, кафедра физн ։л:>гии. ЦНИЛ

Аннотация — Изучено содержание ДОФА и дофамина а надпочечниках 
крыс из 4-. 14- и 30-й дня экспернмешальиого гипопаратиреоза. Показана 
динамика изменений этих показателей. Обобщены полученные данные и 
результаты биохимического изучения центральных к периферических мо- 
коами!№ргнчееккх систем, а также морфологического изучения нздкенечни- 
коп п динамике рззпигня экспериментального гипопаратиреоз-։.

H.GlliriUl'lflUl — ՈէԱՈւմնասիրմԼյ Լ ԴՈՖԱ֊ի i դոֆամիՆի պարունակությունը առնետ
ների մակեըիկամնեըում փորձսքրարակաՆ թԼրհարւքահանօւււեւյձության 4-րրյ, H-րրյ 
b ՅՕ-րղ օրրերքէն։

Ամւի п փվե յ են էւԼնւորոհակաՆ L պԼրֆֆերիկ մ րնոամ ֆներրյիկ Համ ակարհևրֆ 
ակտֆվ/nlr յան t/hbuia քիմիական Հ հտաւյոտ ոէք) յան ավյա/ներր ե արդյունքները, 
ինչպես նաե կասւարվեյ ( մակերիկամների մ որֆոյոդիակաՆ Հետաղոտութ չուն 
փորձարարական [JSp 1արէ(աՀանդ1յդձութ չան դարդացմտն ամրորյյ րնք/արյքՈւմ։

Abstract -1 he DOPA .iiid dop.imuie content lit i';e rat adrenal glands at 
the 4 th, 14 th, and 30 th days of the experimental liypoparathyreoste have 
been investigated. 1 he data of the biochemical invest gallons of the central 
and perifcric monoamfnergic systems, and also with the morphological 
investigations oi the adrenal glands under the experimental hypoparathy- 
reosls conditions .ire summarized and discussed.

Ключевые слопа; гипопаратиреоз, ДОФА, катехоламины, паратгормон. Cui +,

В настоящее время интенсивно изучаются нетрадиционные .механизмы 
стресса, выдвинуто положение, согласно которому паратгормон, осуше-
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