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Abstract: In this present study, the bioinformatic characteristics of Bacillus subtilis were analyzed with the use of such
databases as NCBI. The results indicated that G, V,and A amino acids often appeared as conserved sites in alkaline prote-
ases. Most alkaline proteases belonged to the peptidase S8 family, including two common types: one is the subtilisin subfam-
ily with a length of 379-382 amino acids, an isoelectric point of around 9, an instability index of 11-25, and a fat index of 80-
83;the other is S8-1 subfamily with a length of 400-442 amino acids, an isoelectric point of around 5, an instability index
between 30-36,and a fat index between 78-80. Both of them are hydrophilic proteins. Moreover, some alkaline proteases
contained inhibitory factor 19 superfamily domains. Further analysis of the domain and function of alkaline protease in this
study is of great significance for enhancing its industrial application.
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Tab.1 26 alkaline proteases from B. subtilis and their sources

i ID et i ID Bl
AAA22742.1 B. subtilis (strain 168) AOAS53643.1 B. subtilis HI0-6
AAC63365.1 B. subtilis K-54 BAA00186.1 B. subtilis subsp. amylosacchariticus
AAX35771.1 B. subtilis B4069 BAJ41479.1 B. subtilis FP-133
ABY83469.1 B. subtilis ZJ06 BAMS57214.1 B. subtilis BEST7003
ADK11043.1 B. subtilis HT24 CCUS57488.1 B. subtilis E1
ADM37095.1 B. subtilis subsp. spizizenii str. W23 EFG91258.1 B. subtilis subsp. spizizenii ATCC 6633
AFHS88394.1 B. subtilis D-2 GAK79858.1 B. subtilis Miyagi 4
AFQ56946.1 B. subtilis QB928 KIN27816.1 B. subtilis B4069
AGE62884.1 B. subtilis XF-1 OAZ67669.1 B. subtilis SRCM 101280
AGEG63567.1 B. subtilis XF-1 QDJ95743.1 B. subtilis RS
AGL34969.1 B. subtilis 50a QIN90910.1 B. subtilis K3
AGV98709.1 B. subtilis DMA-09 RAP06595.1 B. subtilis MG27
AKD34420.1 B. subtilis HIS SCV44579.1 B. subtilis lala
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Tab. 2 Six neutral proteases from B. subtilis and their sources

fiti ID K Jif ID i

AAA82609.1 Bacillus subtilis NS15-4 BAJ41480.1 Bacillus subtilis FP-133
AGA21175.1 Bacillus subtilis subsp. subtilis str. BSP1 OAZ67749.1 Bacillus subtilis SRCM101280
AOR97542.1 Bacillus subtilis BS38 POD83287.1 Bacillus subtilis subsp. subtilis SRCM101384
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Tab.3 Six alkaline proteases from Strepfomyces and their sources

il 1D K ity ID KR

AQT71043.1 Streptomyces sp. fd1-xmd RST05026.1 Streptomyces sp. WAC05374
QEV16121.1 Streptomycesfradiae ATCC 10745 THAS86047.1 Streptomyces sp. A0592
QNE28904.1 Streptomyces sp. INR7 WKD36329.1 Streptomyces xanthophaeus GA114 Liu
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Fig.1 Comparison of 38 proteases sequences
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. B2 T AGE63567.1, AGV98709.1 il QDI95743.1,

OAZ67669.1 subtilisin Bacillus subtilis

AOAS53643.1 subtilisin Bacillus subtilis

H AAC63365.1 subtilisin Bacillus subtilis

-
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BAJ41479.1 serine protease Bacillus subtilis

A B P 3 80 S s AR

B TR AR R L ) 90 B A B AR R
Bl & 1 P S AR BLEE AR, {HARSTFALAE A-L (170,171
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BAMS57214.1 serine alkaline protease Bacillus subtilis BEST7003

AFQ56946.1 serine alkaline protease (subtilisin E) Bacillus subtilis QB928
KIN27816.1 serine alkaline protease (subtilisin E) Bacillus subtilis
AAA22742.1 subtilisin (gtg start codon) Bacillus subtilis

GAK79858.1 serine alkaline protease Bacillus subtilis Miyagi-4
AAX35771.1 thermostable fibrinolytic enzyme Nk1 Bacillus subtilis

BAAO00186.1 subtilisin amylosacchariticus precursor Bacillus subtilis subsp. amylosacchariticus
ADK11043.1 thermostable serine alkaline protease Bacillus subtilis

CCUS57488.1 serine alkaline protease (subtilisin E) Bacillus subtilis E1

| AGL34969.1 serine alkaline protease Bacillus subtilis

RAP06595.1 serine alkaline protease (subtilisin E) Bacillus subtilis

AGEG62884.1 serine alkaline protease Bacillus subtilis XF-1

AKD34420.1 serine alkaline protease (subtilisin E) Bacillus subtilis HIS

SCV44579.1 serine alkaline protease (subtilisin E) Bacillus subtilis

ADM37095.1 serine alkaline protease (subtilisin E) Bacillus spizizenii str. W23

EFG91258.1 serine alkaline protease (subtilisin E) Bacillus spizizenii ATCC 6633=JCM 2499
ABY83469.1 alkaline protease Bacillus subtilis

QIN90910.1 alkaline serine protease Bacillus subtilis

AFH88394.1 alkaline protease precursor Bacillus subilis

[ AGE63567.1 alkaline serine protease Bacillus subtilis XF-1
AGV98709.1 alkaline protease Bacillus subtilis

QEV16121.1 alkaline protease Streptomyces fradiae ATCC 10745=DSM 40063
RST05026.1 alkaline protease Streptomycs sp. WAC05374
WKD36329.1 alkaline protease Streptomyces xanthophaeus

AQT71043.1 alkaline protease Streptomyces sp. fd1-xmd
QNE28904.1 alkaline protease Streptomyces sp. INR7
THAB86047.1 alkaline protease Streptomyces sp. A0592

AAAS82609.1 neutral protease Bacillus subtilis

AGA21175.1 neutral protease Bacillus subtilis subsp. subtilis str. BSP1
BAJ41480.1 neutral protease Bacillus subtilis

OAZ67749.1 neutral protease Bacillus subtilis

AOR97542.1 neutral protease Bacillus subtilis
PODR3287.1 neutral protease Bacillus subilis subsp. subtilis
QDJ95743.1 serine alkaline protease Bacillus subtilis

B2 SMHEABHRRELZEH

Fig. 2 Phylogenetic evolution tree of 38 proteases
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B DA B B TGS B RS, ELA R SR A TR
EARAP R AR CRE T, QDI95743.1 5
HA R IR AE . FBREAR KRBT LA 3 4,
FRAL 22 0] B SR G SR JR R AR b TG S G 2R
2.4 ZEAEHmRELMER

26 iRl L ZE AR R AR 2 A BRAL B L
4.7 AGE63567.1, AGL34969.1. AGV98709.1 #l
QDJ95743.1, K5 2 SL R AR L EUE 381 A~k
382 AN, ZEH S AE 9.04 ~ 931 A, g 46 Sk e
79.41 ~ 82.28 Z[A], T HAR R A 155 K B Tk
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Tab.4 Physicochemical properties of 26 B. subtilis alka-
line proteases
i ID BRIEHL AR s K%%"% Hﬁﬁﬁ 58 S|
A Tl B HE oKt
AAA22742.1 381 3.950x10* 9.04 29.71 80.97 -0.068
AAC63365.1 382 3.925x10* 923 2507 82.02 0.000
AAX35771.1 381 3.947x10* 9.04 30.07 81.23 -0.061
ABY83469.1 382 3918x10* 923 2429 8228 -0.008
ADK11043.1 381 3.959x10* 9.04 3093 81.23 -0.080
ADM37095.1 381 39.55x10* 925 30.60 82.23 -0.059
AFH88394.1 382 3.914x10* 931 23.94 82.02 -0.019
AFQ56946.1 381 3.948x10* 9.04 29.06 8123 -0.061
AGE62884.1 381 3.958x10* 9.05 30.19 81.23 -0.077
AGE63567.1 404 4.332x10* 487 3813 79.41 -0.402
AGL34969.1 361 37.35x10* 895 31.65 81.39 -0.068
AGV98709.1 449 4959x10* 6.08 32.87 68.40 —0.432
AKD34420.1 381 3.951x10* 891 30.19 81.23 —0.067
AOA53643.1 381 3.947x10* 9.04 30.07 81.23 -0.061
BAA00186.1 382 3.947x10* 923 3145 80.97 -0.069
BAJ41479.1 382 3.910x10* 9.14 23.81 82.02 -0.016
BAMS57214.1 381 3.947x10° 9.04 30.07 81.23 -0.061
CCU57488.1 381 3.945x10* 9.04 30.80 81.23 -0.062
EFG91258.1 381 3.955x10* 925 30.60 8223 -0.059
GAK79858.1 381 3.951x10* 9.04 2884 81.73 -0.055
KIN27816.1 381 3.945x10° 9.04 29.79 8123 -0.054
0AZ67669.1 381  3.948x10* 9.04 29.06 8123 -0.061
QDJ95743.1 400 4.273x10* 538 2246 95.92 -0.194
QIN90910.1 382 3910x10* 9.16 25.02 8228 -0.017
RAP06595.1 381 3.945x10* 9.04 30.80 81.23 -0.062
SCV44579.1 381 3.963x10* 9.16 31.32 8223 -0.072
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7, @I, i1 QEVI16121.1 F RST05026.1 Ff:
AR, M HAB I RS o A2 R R M: 2 2 G K Tk
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Tab. 5 Physicochemical properties of six B. subtilis neu-
tral proteases

i ID BRIEHL AR s Kﬁi Hlﬁf‘a?\i JER S )
WA TR HREC R Rk

AAA82609.1 521 5.652x10* 7.16 30.09 7438 -0.510
AGA21175.1 521 5.652x10* 7.16 30.09 74.38 -0.510
AOR97542.1 538 5.934x10* 566 2586 73.48 -0.488
BAJ41480.1 521  5.686x10* 848 2552 7322 -0.551
0AZ67749.1 538 5.932x10* 560 2629 73.48 —0.487
POD83287.1 538 5.934x10* 566 2586 73.48 —0.488

* 6 oMEBERMEMEQIINENER
Tab. 6 Physicochemical properties of six Streptomyces
alkaline proteases

LK 2 s g PSP
i ID FRAHC MY s ARE JRW B

A TR ik (S Y S
AQT71043.1 147  1.488x10* 6.53 29.60 83.88 0.194
QEV16121.1 147  1.541x10* 888 42.92 79.25 0.003
QNE28904.1 147  1.486x10* 849 2947 79.32 0.195
RST05026.1 145 1.518x10* 897 56.76 82.14 0.128
THAS86047.1 147  1.479x10* 7.68 29.18 80.61 0.239
WKD36329.1 147 1.473x10° 888 3249 79.93 0.288

2.5 ZERBA motif FHFRTEE S

B M motif Z5FFIR TSR HrIE ANl 3
P78 o A2 A A B PE R i AGE63567.1 FHI
AGV98709.1 HAu{ 4 4> motif 4514, QDI95743.1 A~
AL ATAT motif Z5H4 , HAMBINEE FIBFAR LY motif
SER 1—11, AT RS , Al R 2R AT BRT v M 2 1 AR
R DR AP R P BEAR R AL motif 120 AR AT i
i P 2 F - A 9 o i =2 [R) R AF ZE AR TR B motif
S5 R o R R ZE TR R TR B B 1B AGE63567.1 Al
AGV98709.1 H 7F Peptidases S8 1 %% 4 # ,
QDJ95743.1 AT DegQ Shfaiak , I Axmsi i 2 11 iR
4 Peptidases S8 Subtilisin_subset Z5#44, K4
B2 AL A4S Inhibitor 19 superfamily Z5A43E, A
EZERIFF I PR IR A LasB Z5H3K, 68 1A
BRPER IR RS K SSI S5 Ha, 3 R B (4 2 a]
ANFEAEAH R S5 R4 358,

2y 22 HOR B ZE AT PR 2 S IR S8
G, Forh HLRN R IR T K S8 SEE M TR 2 I
K, AR SR KR T 19 BEE . KA S8 A
Z WK % (Peptidases_S8_Subtilisin_subset) £ 4] 35
JEKHEE S8 KR — 1~ B E I, HAH M Asp (K
LG IR) His (HZAR) /Ser (22 A R) AL =4, b=
IGCAARAE Sy Bl vy ri for TP b R 0 R R AT 1, A2
Ca’ 454 A R T BRI B U AR e 454 | RIS




2025 4E 6 H

R, SF . MRCZEAAT R AR RSEME BT - 25 -

Ve % BRI A A L S A L i b R B, (R =4
SERARTR], - H —F AR

kG S8-1 FKjiki(Peptidases S8 1)45A4 It /& /&
TG S8 FKIhH)— ML, WA SHkEE S8 Al
TR E AN Asp/His/Ser AL =HeiA, (HAH
FeRT# Asp 4R . Ca” Al LIS B0 Rk, g
A LLGE A AN FEERM RS S A2k 4 A4
Ca®’ o XAFIR M — L/ A Ak, (o AT 7 o

AAA22T421T6 8 1 T 2 o LB AGL349691
AACE3365.17s-a 1 7T 2 ER S AKD3442041
AAX3ETTI e e 1 1T 2 ER S EAADD186.1
ABY23460.1 6 & v T 2 MENEE BAJ414751
ADKA104317ss 1+ 770 2 ER S RSTO5026.1

TN pH T AR5 PN 454w m o AL P R B 3
BT, REAS I BRAR P S5 43 A T A 2 AR < Aol 0 1 28 R R
R KBE 379 ~ 382 N, SFHLETE 9 K4, AR
TEFRELE 11 ~25 Z 0], RRNH8EE 80 ~ 83 Z[i], &
IKPEE AR S8-1 WAL, KIE 400 ~ 442 24
R, SFHLSTE S A4, MRRUETREUE 30 ~ 36 Z I, IR
R ELE 78 ~ 80 Z [al, SE KPR 1R

Matif &
Matif &
Matif 1
Matif 7
[ ictif 4
Matif 11
Matif 2
Matif 10
[ nictif 5
Matif 3
[ nictif &

ADM3T085 188 1 7 ¢ 1z w0 38 THABE047 .1
AFHB8304 176 1 77T 2 ER-8 ADAS36431
AFQ5E9461 6= 1 778 2 o ER- 8 EFG91258.1
AGEG2884.16s 1 7" 2 E- N AGAZ11751
AGEG3567.1 __ — AFQ56946.1
AGL34969.176 s 1 T 2 MBS AGEG2884.1
AGVIBTO9A T zn—F— AACE3I3651
AKD344201 76 1 T 2 MENEE AGVEETOD91
ADAS3643 16 1 7T 2 o ER S CCuUsT4881
BARDD1BE s e v T 2 oMENTE OAZETEES.1
BAJ4147916-= 1 770 2 ER- 8 ADM37055.1
BAMET214 1768 1 7T 2z o £ ARIETTIA
CCUST488 16s 1 7™M 2 o ER- o AFHBB354 1
EFGI125817s = 1 7" 2z £ OAZETT49.1
GAKTE8EB1s s 1+ 770 2 E- N ABYE3469.1
KIN27816. 16 1 ™0 2 "W E KIN27816.1
OAZETERI. 1/ e 1 MM 2 ™S E ARAZ2TA2
QDJ95743.1 QIMg0910.1
QN0 01 s 1 T 2 TSR BAMST214.1
RAPOGSAS 16 s 1 1™ 2 ™SR AGEG3567 .1
SCV445791 76 e 1 T 2 "EEE WKD36329.1
AQTT10431-"" AOROTE421
QEV16121.1-T2" QDJE57431
QMNE28904. 12" GAKTHB58.1
RST05026.1- 2" AQTT10431

[ otif 12

Pepticdases_S8_Subtilisin_subset
Inhibitor |9 superfamily
PRK13244

==l

[ LasE
Pepticdases_S8_1
551 superfamily
Degl

THABBD47 -T2 POD83287.1
WKD36329.1-"12 SCV44579.1
AAAB2609.1 -l AAAB2609.1
AGAZ11751 - RAPOG595.1
AORSTS5421 = QEV16121.1
BAJ41480.1 -l BAJ41480.1
OAZETT49.1 == QME28904.1
PODB3287 .1 - ADK110431

. .
0 501001 5@00250G00650400450500550

5II T T T T T T T T T T I3I
0 5010015@002503003504004 50600550

3 EBBEH motif TR T EMIE T

Fig. 3 Motif structure and conserved domains anlysis of proteases
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Fig.4 3D structure of B. subtilis alkaline protease
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