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Amino acid composition and classification of acidic and
alkaline enzymes

Guangya Zhang, Jiagiang Gao, and Baishan Fang
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Abstract: It is of theoretical and practical significance to understand the mechanism of enzyme adaptation to acidic and alkaline
environments and classification of them based on sequence information. In present work, the amino acid composition of 105 acidic
and 111 alkaline enzyme sequences was systematically analyzed. Acidic enzymes contained significantly more Trp, Tyr, Thr and Ser,
whereas less Glu, Lys, Met and Arg. On the other hand, alkaline enzymes have slightly more Trp, Ala and Cys, whereas less Lys, Arg
and Glu. The amount of Ala, Glu, Leu, Asn, Arg, Ser and Thr in acidic and alkaline enzymes varied largely. Hence, a weighted amino
acid composition method was developed for the discrimination of acidic and alkaline enzymes. Using the back-check and the 5-fold
cross validation methods, the overall accuracy could reach 86.1% and 83.3%, respectively. A new method to classify acidic and
alkaline enzymes based on their sequences was established.
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WAL, B, B BRI Tk Y
IR IR, m B EREAR R, Bl AL Hi,
4K I TR N B R BT I g L R P T A > i A
FMHR, PR ESCTIPY, sh, Btk
S A v R M R ALt — B TR M AT, A B
7 H B4 BE T Nocardiopsis alba w2 ¥ % 11 i
A(NAPase) 1 45 ¥4 LA J 2 4)F & (Unfolding) 8l 71 2% F§
PEIF A A PR R AT T LA, SRR
A0 Rt R R EOE BAHIE, A NAPase X225
Y& A H BEF 2 = ¥ (Height of the unfolding free
energy barrier) 51 H R AR AR 24 Uk, DA fig
B T MR pH B Y1 52 88 /1 . Dubnovtsky AP
SOV T Ok B F % Mg B ik A ¥ Bacillus
alcalophilus 1y #f M2 %2 24 M % 3 %% ¥ W
(phosphoserine aminotransferase, PSAT) M fi 1A 45 #4
FRR B F R AR T T R, BRTE
GEAE e EE AL, AR D B A — SRR Y S5
RS o RN, X H At 22 0 1R AN B AR E 1
MLk = RGEmE5E, HRH 722 St s & R e
PERY, AR i AF IR B X R RS e P, i R
T 2 S5 o W R R R A A T TR 1 R DL I
TS o B G 114 5 R = 2 R ORI A 4 1 i
W G i 1) P 90 RN 5 4 5 2 L B TR M o i irads,
SR —SUIERR A (W1 Ferroplasma acidarmanus) g

B (40 Bacillus halodurans) %t 5l 41 % © 28 52 i,

R (A5 B IR ABE B T M g IR g
BRI R RS AL Be A, — 2 3 0 i I e A A
A=A RV AP S BIHAT IR, A% pH 5
VIR FAT R RERAR D, 8 V1T Ao
FERERVT .

AW FEARAT T 51 AH [ 14 (Identity) /N T 30%HY
FETR FIE B 216 &, BARGHAN T —
BUERIERA R E 225, VI T AR E L
Wil, I A& S T — b T S R IR 3 R 4y 1 X g
i 1 B AR A TR ), BRI B R RIOR, HeiE
mr,

1A

1.1 EIREERIR
BARAEARFZ LU T LB 1) ) BRENDA %4
JE R ARBUVAT Bie3E pH /N T 5 AR M LA K il pH
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KT 9 BIBEPERHE S (il pH #8525 Fr s 5,
H:P4iEA: http://www.brenda-enzymes.info/l'", i
FUF R IR T2 88 72, BATTIR T UniProt/Swiss-
Prot; 2) JFHIKEE/NT 50 42 S 1R 0 il 28 11 )7 91 9k
MR, o EATR BRI AR KBS R B 3) AR
THSTHES 3 Al B AR IERR W P51 (Fan:
XXX, CXXXXT ), 4) R T ke a2 il o [
WY 50 A ¥ w2, (8 Blastelust )7 UAIBR T 17
FIFAFTER T 30%H) 4. /e 2455 105 Z&MR 1
e 4, 111 280 ERE Y51 . ik 216 55741 ID %5,
FASTA #& U 17 91 A S 11 K B 5545 BV R TE —
N IETF Microsoft Access FUEUIE A, v /& 0tk
KB TH=ARBEM,
1.2 R EERRAR

A G ) FE AR 2, 2 i 2 %o T 1 i R A 2 i
WATIR G, BAARS B 1) 4 3 E 5 R 1 g Akt
fitf 55 2% )7 AN A B BR AL B, 43 id i Comp;, ac Al
Comp;, ak, 3 H, 1 2278 20 Rl 552, AC Fl AK 735l
FETN B PE B FDARCE 5 2) 3158 R I AT a1 1 20 A
LML A HME, Comp; ac F1 Comp p 5 3) I
AL T P Tl R il 2 PR 2 A 25 5, IC AU

W; = Comp; ax —Comp; ac (1)

4) WFHFEE X, Jeit A H B RA N, AR5

TR INA 28 L 1R 21 B
Weomp, = Wi X Comp; x )
5) X A B R AL R A 7oK A

20
5Comp, = X:chompi (3)
i=1

A Ocomp, >0, TUIFIUIN O e 1 g, S =2 0 R Ak
fitf o AT TG0 T IR 1 R Pl 2 EE PR A 4
52 140 F1 49 789 1~
1.3 HANRIEME

PUNRAGEL LT 4 DS EGE TR Ui
(Sensitivity, SE), 45k (Specificity, SP), %
(Accuracy, ACC)H! Matthew #H & & % (Matthew’s
Correlation coefficient, MCC), 5 J5 ¥k WAL 4~7,

SE=TP/(TP+FN) (4)

SP=TN/(TN+EP) (5)

ACC= (TP+TN)/(TP+FP+TN+FN) (6)
MCC =

(TP*TN)— (FP*FN) (7

JTP+FN)*(TN - FP)*(TP + FP)*(TN + FN)
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A, TP Dy EPRE, i Yk il BT Bk Al FN
DOBBAPE, 5T R TN S IR P T TN R FLRAE,
TR ERPER G I N B, FP MR BHYE, 8RRk A
LTI Sy ol 1 8

2 BRGAT

2.1 BRMEEGANGHERGEEBLE R ST

M TEE BT 20 250 BRI AR 4,
— SR GURIR S R, T ) — S R 5 MBI,
un: Cys Al Trp ", BRIk, 78 20 A7 8 P ARG Tl
A A ILTRIS, A WbZH BB P A 8 1o rp 2y s
FRZH Y. Mk, 4t T UniProtKB/Swiss-Prot(Release
55.1 of 18-Mar-08)H 359 942 35I| f) V-2 R KL R 4 A,
I LAZAE N3 1 By 1 2 L IR 20 i P S (8, h5e
HH R SLRRECR N 129 199 355 4>, BRYEAIGR M
FEFR 2 N5 1 41 =2 8] (1) s 22 (Deviation) T3 40 T :
~ Comp; —Comp;

D (3

Comp;

X, Comp; /K T T2 SEMRLL R . TR YRR
PR 2 FERR 4 A5 I E 2 [A) R 2= A 1 1 B
I 1A AJH1, BRMEREH Trp. Tyr. Thr Al Ser
TR TR ME, T Glu, Lys. Met Fll Arg &
S B SRR TFE 3B . ARFTJRAL Trp il Tyr 54705
BN, HaFHn o BFREN 57 IE R I S 7
BN R A EAE L, AR PR F-URT AH
H.AEF (Cation-pi interaction), XX} 4k & [if 43 F 2%
WA EE Thr f Ser t TEH A BRI,
' 75 5 MoK o+ RAEMEAEH, TERERE, X7]
REA F T IR IR G 4>+ 7EAR pH A5 N 4 HF 451 1Y)
R U, mesh, BFE M ORIETF Sulfolobus
acidocaldarius 11 & 18 (Pepsin) {1 iR 1 2 5L iR
(Glu FI Asp) )& AR i JUHAE 7> 13K 1), XAER]
LD TEAR pH S5 M Z IE R i 23t MR
e R E S T g Y, AR A R S
ZA B, AL B 5T IN hy — SE R P il 3 3 ek /D 43
HORIEM R (Glu AR, % 2 MRE),
PLREAG pH K86 YR 0 A 5 2% (The magnitude of the
pH-dependent effect), MM 4E R 4> FFaE 1o kA,
Lys Fil Arg J& Tl 2 LR, fERRMESIT T i %
FIEFL A, T O3 T TEBR T S5 10 Tt TR A v A,
S FHRIERM S KERER, MKLZM Lys fl Arg 23

0.7 5
0.6 4
0.5

a: Acidic

= =
LS,
1 1

eviation
=
(3]
1

2014 ﬂ
0.0 +—=

HHUHHU 1,

—0.2
0.3 4

4 —
ACDEFGHIKLMNPQRS TVWY
Amino acids

0.20 -
b: Alkaline [7]

0.15

S | I uHH
S ETT

-0.10

Deviation
s o
> =
1 1

=0.15

ACDEF GHI KLMNPQRS TVWY
Amino acids

E1 @EBEMNRE
Fig. 1 The deviation of amino acid composition. (a) Acidic
enzymes. (b) Alkaline enzymes.

HE— 2D IR X FOIR B, X G54 77 AR R,
V2 BRI T B W A g A kel
I, HAA R,

P & 1B AT, B e 2 B R 4 S - A Y
P 22 B A BR T HP W 2, Trp . Ala A1 Cys 1975 &I =
T, M Lys. Arg Al Glu (55 5 U B T K- 1
B Ala fillgE HA 1 /NH3E, T Cys M8 LA
ZRARERR A, KA RN/, RN R,
AT LG I o3 s K AR BAE L, DA R 4 3R i 531
R EEM A BAE, X5 Tsuyoshi Shirai M
FERIEAY AN (HB AR R, KIET K%
T TRT A r M 8 R 22 2 T 2 5 5 A% il (PS AT Ho il i A
R SRR 55N 53%, 1 Bacillus alcalophilus i
£ PSAT H & EALN 30%, HXFPIL RS —E
AN D PEAH DG, N EE S PSAT TEAN R4 H
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b 22 70 AR RIS 5 2 R4, FlRES
BN R — 2 K5 AR M-
fitih Asp. Glu I Lys & st 44I%, ABFIEEs S5 Z A
P, Eff1EI Arg & R4 TS, SAUFAH
I o SR, A B9 2 VA A 3 1 i k1 i
R M2t AR AL I AS B 87 B A9 (N b b 28 L 1R (U0
PR PR B B AN PE SR IR ) & = AR A, XA RS
HE— 28 F AP R AR . MTTIACH R PE SRR (Glu
H1 Asp) FIBEPE Z ILHR (Lys A Arg) Fb il B9 284k AT RE &
AN [ it 25 11 33 37 A [] pH B8 1 — A3k L]
HE— 2 BT mR M B i A 22 B R A B b 1Y
25, W 2 B, AT, BRYVERGH Ser. Thr F1 Asn
S T ERS, MRS Ala. Glu. Leu
I Arg 1 B 000 B S 5 T IR R . X S T4 SR
ENU/EE
2.2 BT i E EERLE R HIER % FORe B IR
AR 216 SEEFH, Seitia &5k miE
FUT A SRR AL, PR AR QI BT
TSR AN . SR A AN S X 3) ik A7 B, M
T TR0 T A R g, X PR 38 VR R O B — 3K
PERG IS . BIAn: w5k POC2P1 & [1JF A CRIET
Aspergillus terreus [1J blasticidin-S deaminase, ik
pHTE 10~11.5 Z [a]), HINALZd 51K 240 1.z Fih 5.55,
KT 0, BBl 0000 oy e M B, WIAE, iS5l
Q95M17 W F P H (G T Bostaurus ) chitinase,

F1 FNEREIER
Table 1 The list of incorrectly predicted

Hidl pH 7E 1.5~2 Z [8]), HnA E FEmR 4 pl =z AN
—14.13, /NF 0, Al 7um Sk iRk i

2.1+
1.8]
1.5
1.2
0.9
0.6

oflo 1|l Huﬁ [
o8] UHH UH

0.9
“12]
-1.5
-1.8
-2.14
-24 —

ACDEFGHI KLMNP QRSTVWY

Amino acids

Weight (%)

2 EMAWEMBEREARERNER

Fig. 2 The difference of amino acid composition between
acidic and alkaline enzymes. The upper half shows the
dominance of residues in alkaline enzymes and the negative
values indicate higher occurrence of residues in acidic enzymes.

XF B 11T ASFAEEGAT 105 ASFRYEBER 5 125
LRI, 3l TIAS 28 JE R 4 AR T 32 0o 3k 1 S iR
AR AT, AR R 93.7%, R R
BT il OB RORAR G, HOREBERT I 93.7%; 52
AR R A2, HAR R 78.1%, 28 B HX IR 1 1
PN ROR — e, HHKE BTN 78.1%, BRI

Accession Calculated Enzyme type Accession Calculated Enzyme type
number value Predicted Actual number value Predicted Actual
P15636 -24.80 Acidic Alkaline P58228 15.77 Alkaline Acidic
Q9BDJS -1.21 Acidic Alkaline P34059 5.47 Alkaline Acidic
P15396 -2.75 Acidic Alkaline QI9BTY2 0.76 Alkaline Acidic
P04055 -11.08 Acidic Alkaline P07686 4.52 Alkaline Acidic
P51740 -6.21 Acidic Alkaline 060502 12.84 Alkaline Acidic
P28842 -12.49 Acidic Alkaline P42210 4.24 Alkaline Acidic
P08594 -17.79 Acidic Alkaline Q13510 1.11 Alkaline Acidic
Q9P3S1 12.71 Alkaline Acidic 097860 2.32 Alkaline Acidic
P09889 4.62 Alkaline Acidic Q4FAT7 2.21 Alkaline Acidic
P35475 9.38 Alkaline Acidic P07311 5.41 Alkaline Acidic
P15289 5.03 Alkaline Acidic P25026 7.38 Alkaline Acidic
QSEZ72 0.11 Alkaline Acidic P14925 2.29 Alkaline Acidic
QI9ET64 17.42 Alkaline Acidic P17654 4.03 Alkaline Acidic

QI9Y3R4 8.38 Alkaline Acidic Q43763 0.71 Alkaline Acidic
QIUQ49 6.77 Alkaline Acidic P10253 0.80 Alkaline Acidic
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£ 86.1%, L MCC {2k 0.729. Fr Ol iR (1)
it 26 (1T g5 2% 1 s .

N T U R A S, R TR
FERE B 28 SCRIE 7 vk, 12T iR B2 AR
WU 2 A R, ARFSER AT 5 A5 K
WE. S5 SR AL 24 L R 41 1 i 63X
RGN ARG BE S A R, HBURE R 84.7%, *
BHAZ 5 3 % B il 1 TR ROR 5 4, (RS B HE A
— BTN 9%; 5 Z M S, HARR R
81.9%, & HH N ER I W HU 0 M RCR 5ty HAG
Fo H— BRI Y 3.8%, HEARTHBIAE N 83.3%,
H MCC 15} 0.666.

3 itk

UEAER, Xt g R NGB P B A K ARE Y, H
Hur g2 2% 2 R, Flan: 14 2w ) & A
ANBETE N 1 2 R h R R s E T S, X TER KRR
b B AT X G e R il 5 ) N Eh BEAE ST 1
WA MVF 2 W8 TR B [ B LA vE Sl v 8 1 i
KT UG RRFFE RIBEIEH B G I . VRV T M AE ST T
e, X HBEMRA L FTAZ, Kk, MT
W BRI I YA T, A O TR M Al R i e T IF 9 1T 19 2
PEAE = . BT, Ferrer M YL 3 Ferroplasma
acidiphilum sk ZHmPEE AT AR E 7, Kt
il ik 86%, XX AEFREE 11 AL R T 45140 F = R 2
FAS E R O B, ARPT N, RS TR Y
A AR 32 F A AR A, T — EE SR (W
His) sk 7] AAIVE T8 Bz 8, v AR, Horh His
TR REE S, (MR RIS 5k A TR A Rl
— 5K .

ARG R P A 2 5 1 20 ol %o R 1 A il 2 g
AP, BT — AN 5L 5 01U e 4 0 2 )
BT . WIS b, B REE R AR B T e
ABE 2 SRS MR A AL, T EL, AH E SO
A AIF TR A L 55 A TR M i i, AN 9E 4R R Gt
FET XA, LIIRE T8 — e ek g MLk, JL&h
F4 5 T R A 5% %o w1 Tl ) it LA R B R
N5 AESEBR N, AT R e BN P Y
AP TIR A, G AR AR IR B B 51 (a0
KV F 2SR B B T ), A48 v 5o 4

Hh il A PR A T T RO AR T LR AT AR R
HEHEIR . B E AT T uE R, AR
— P SEEG I fh F A TN 50k, R TR A v
] N TG e AR, SRR AR, [ Ak T i
N REZRTEI R, ALRAEARER AR
Z, AR I AN T S 0 R I R B AR AR 2 R R
R, DASR m FERBIRS B, M SR B TE AT o ik — 25

WA
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