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W OE EAMADHERASHSEEARNESERAREHREME. HTERERAEDR
B IR HLEL, LA S R R W B A R A SRR R 5, R 110 3450 B
& SRR R M R R R E R FR L EREEEA RS R ER T BRURSKERE
MR, BKMEERNTEEERARNEN ERFREESHEEINAR LHEERIMBE
e S ENER. EREHALERREAQRR AR TIF0K N L A EMAR.
o PR AR B 3 R 4 I R BG4 M0 AT A 4, E A PR PR A 2 BT LR R R B A R
EEAEEMTERERSBRER, SEMEE R0 LB EERI X, Wiy ixiE K
M EAFE. EIABRRREAESEANEHREN TRERARM LR, BBET
—A L O R R RE R E R,

ERD WHEOR Bk HEEERTR, R EEREH

FES Q936

mg B4 84 47 (thermophilic microbes) M RAARA W RREH, P RE N =44
i R A e R AR LR R R E A A AR E RN - RS EE 40D
ERAMeLsgEY BFOA=S#4ANEOREEAR, FEFEHEEREEREFERER
FEEEREAENEESHAR, ABEREREARNAREENH. A¥FH THE
RIS R, B R RA, ARREZFANSRRETENSRY. 4FEY
22 P 1) Y ) 4 TR B B B T Wi O A0 AT R B VLA T BB A TR 0 O AT o R TR £
EYELREXBARNZ D, RIE 10 314510k 8 ERAE S BBCEYHRRER
FE], KRFAEARELNMEEMS B EAENED, SREVEIMIEY SHEHRE
WEAFEERYARE T XRBEHEERSEFA", HEEHEEMIRUFES
2. B AMAEYNEARTE A TR ANR TN EER T ERE, AR THA
BN SRS R0, X T AR E SRR ER.
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1981 SR 7 AR Bk E BRI H O EE, VOV T UM v E B A R S
B —NMatr, MIE TR EEMBERR EFFEORMREHAR. ELTRP, AR AFENE
FHED AR ERERNLFEER, HEELNYRRNETEREARTP Leu
FERREE, SHEJLAENEEERXRARK, BTIAN BER R 855K E ES
P,

1 R %
L1 PR EIRE SRR N

PR BB BRFFIR A0 FAEYFFRBMEAE “Entrez (Release 15.0)7, WHEFTERA
“thermophil” LA R IAF XK IZBBENEOTEE, NFESBEEKBEE ST
LHERBEYNEOTRF, HRER. FEBAEERYENT 100 Wi, F—08k
MEORIKE— MRS, A RGP 110 &R B RMEYNEAFFT. @A
A “Entrez” #1% FF{R LR “Neighboring" EEK B 5 B EAE L FAXMFR, Wbk
HBEZHAMUERAMRAFEREY BEERRE < 0C)HELQFRFNE xR
IR FFI. Y 64 Bl A 4 IR B A 300 48 3% SCRR B CfA 7S 1R 68 5 4 22 F- ) (48 LR ) 3K
7. PEAFFIEREARFRINR |(FPE. URENEYMEEE KBR).

F1 WEAFTIHER
Table | Summary of the two groups of sequences

L] 4 TFERN BERYHK BGEE KRR
Sequences Amine acid Species Optimum growth
number number number temperatre{ T )
M Thermophile 110 40948 22 55~95
R4 Mesophile 110 41469 44 <40

1.2 BEOREERAKRATEROLE

EHERARFFIYEMROR 20 B EEBHARMER L. 23BN ERN S
M AR (Arg% + Lys% + Glu% + Asp%). B 7K # & & 8 4 & (Leu% + Ne% +
Val% + Phe% + Met% + Ala%), B KSRk S X MEN, AFRTEERASHT
BEAFAM AHETHEERIENAGEEEN. AKGEERENEE VA =
(1.8 % Ala% + 4.2 x Val% + 3.8 x Leu+ 4.5 X Ile + 2.8 X Phe + 2.5 x Cys + 1.9 x Met)
I RPEERIENZR MM EXROB AR, o hFESIhEERNY M. 5
MEEEBREBYEER: Ai={Ala% + 2.9 X Val% + 3.9 x (Ie% + Leu%)} X 100, i%
MANEER I EERREFFIYNES SR, KRFTEESWHERAZEATEMERAN
TR SZHNE REARAREN RS HBEO R LR SR ERITELRTHEE
E£H, FEZAHHGTRHY Fortran IEH BT PCHL LS.

2 H#ER
2.1 WMANBESEEAR 20 HEERS RO
ST HEEAAETREEAH L0 NF P 0REEMA IS8 AR EEM
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BB HELE 0 HAARMY S EABAEAAMBEREAHTPNEN. ERERERD
#H Lew.Pro. Glu il Ag S BEFH THEFEMA (p < 0.0005), T Cys. Ser. Thr, Asn.
Gin # Asp I SR T EEFE¥RH (p < 0.0005), F—HITHREEORMERLPR
MERFREETHUE, T ABPo. AnSEXMYEREARMRRENRSA
M7, T Cys. Asp. Asnfl Gn SEEMEFB T ARE, 55 2EA R LSS
ey B EHRTAFATEARARENNERRTERA, A TEARME
FHNEEMSERR £ FRE LER T WHREAREZERHABKFr ARG TN
.
22 BAKEMLLE

R AEARORAEEERAR (Z )T sREAKLETREORAAT
£ 5 & UK P EEE B A (p < 0.0005). ERAAREREMEE T EKH KN, R H
BT RHE LB BRI H, SRR EAAN TR AR EERTERNRE
B4 (p < 0.0005). BAMEAEREEAFARNEEERR KREVEAHAKN
ik S PR R B 6, P BB K DX A B K M R PR R MR L R 2 U AR
W e EEELETRELRATRENEUKEEERABRAEK R, SHAR
AR M S, U BN 3 R AT S K P R v AR A Tl v TR PR Y ST
Z—.

#£2 WAEAQRAENEESREAENLR

Table 2 Comparison of average hydropathy of thermophilic and mesophilic proteins

m=s matsy pl&
P R pvalue
Thermophile Mesophile
WK AEBEA 0.3895+0.0411 0.3791x0.0397 0.0104+0.0252 p<0.0005
Per. hydrophobic aa
Bkt 46 3 () 1.1737£0.0750 1.1i32+0.0745 0.0604+0,0646 p<0.0005

Hydropathy index{Hi)

mEFTYHE, sHRFEE, mERREEANEHEREOQRAREREENTEE, RrEANTRE.
m, Mean value; s, Standand deviation; m, Mean of the differences of an index between homologous thermo-

philic and mesophilic proteins; s,, Standard deviation of the differences.

23 HHRSAERAEMNER
RRFHAEERF U ARG FTHAMOEERTRE (RN TR, BAEA FEAaH
HREMU TSR 28I19% MEFREARMNSBN267% METERTRHE
(p<0.0005). AAFFIFHENEORS 374 M RER, ZHTFHE I EREI R
FEHEEEARE S~6 MIBEEAR SERESMERBEARTUEER 2~3MET
B HARVPEEALEREEARASMNEERZ - EREESEHFREHR
mpENREmTFZEALEREETREAREERTHAIEEY. FREAROEKL
KEEREORAARENTREERARI M4 RS ERERE B, RUH
HAEATREREAMAEYRIMRALEORAREHNRELZ —.
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R3 BAREARNEKHEFEARTTHAAEREMOLR
Table 1 Comparison of charged amino acids perceatage of thermophilic and mesophilic proteins
mx=s MatSd plE
s 4R 0 & i pvalue
Themmophile Mesophile
HREEM O 0.2819:+0.0465 0.2670£0.0464 0.01490.0280 p<0.0005

Per, charged aa

m. s, mHl s, BE N LFE2EE.
See note for mble 2 for means of m, s, myand s,.
24 EYERISEREHANEER
w75 AR 9 I 00 B K R R (A HEAT T ELE, S5 R A Theai ™ 43 O TR R, P A
EARM AT ESTENREAM(R 4. ki AANEN (Ala). HEM(Va). ®
RE® (M) MRER (Lew WMEREARMEORIRBERR TR M TEE,.H
Ala. Val fl le ZMEEMERHFR P ATFEEN, HH ALEMRAEE Leu WA
BEOFEATFEEN (F 470 A*). WHEHRN AIEZTUAZHEREHRED
FREEFREAREABREN Leu § 8.

®4 RERCREPERERSBEHENEIEREN ADMLEE

Table 4 Comparison of aliphatic amino acid composition and aliphatic index between

thermophilic and mesophilic proteins

m+s MatSq plE
i F o W RE p—value
Thermophile Mesophile
HEBAl 0.0907+0.0304 0.0890+0.0286 0.0028+0.0290 p>0.10
HEMVa 0.0807+0.0248 0.0783+0.0158 0.0023+0.0181 p>0.05
RREMIe 0.063320.0203 0.0612+0.0257 —-0.00260.0244 p>0.10
HHEMLeu 0.0929+0.0265 0.0846+0.0209 0.00963+0.0226 p<0.0005
BEB R E B AR 43.79:11.96 90.12£11.58 1.67£7.60 p<0.0005
Aliphaoc index(Ai)
FEREMMEE (AT §7.23+12.65 57.38+10.01 ~0.15£8.7 p>0.25

Al excluding Leu(Ai*)

m. s. my®l s, WF2E.

See note for table 2 for means of my, 5, my and sy .

3 ik

PLEe g PR 1 AR R R A R 20 AR ERAR.
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BTN EATESEAROBRRAERT"Y, K. Cys. Ser. Thr. Asn. Gln 1 Asp Hl
HTERR T ARERERERDTAEA RN RABREEFAAENRN, B ES
FHEERAN LR AURBEREARRARBN TR EEMAMM LY S AR 50
HEARNBREEYS, X—FHBR TBREAREERASKTORBENE, B
—F R E S KBREE EFP SR i DL R g R R E LN —
WAL,

Tkai 1A R “ 6 W7 1k BAE BR 5 %0 vl LUE 9 VE I B L R AR E HEM — MG HR, IE I i E 2
MiFHEmEERARYAGRELER. HE 110 X @8 ERAIEFRE A FFEY R, EiE
HREMREEREREIREE TR REAR, X T 2R Leu MM, IR KE
EMEHRFTAEHE Leu, MHHBEBSATEEZY. WRBHEEERERN Ala, Val fl
le FREPEERERETRAFMNMREUETEERRMNAR, HBH-FHIT. B Al
R B AR ],

ETHEEESKBREBEEAEARNEYREARFINO BT REEEEMY
B, WBEEEMIBARKE LFEEN, SCHELBRARER -, XERRATFUHE
ELFRIOH T ETFRRANERESRFAREEC HAMBRANE LTS R
. LR EBRERERE, ZEERAEFREARN LARERFEEN, B ——H
FFEEAMEERES RN LARER, 86 RO REEEREMKIENANIXRS
BEBABATF PN THAGEERSTE. fiKEER AEEEMITE LS5
1 33.6%. 18.2% M1 29.1%). AREHEH A LSRRI, — B FABER
HEMBIRHADXRELS R EBEARFIRELERAREQRA AR M REE LT
RO AMEHTRENREZEQTOHBEENG, REE=EEHCRNRGETAAT
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A COMPARISON OF AMINQ ACID COMPOSITION OF PROTEINS
FROM THERMOPHILES AND MESOPHILES

Lu Baisong Wang Guoli Huang Peitang
(Institute of Biotechnology, Academy of Military Medical Sciences, Beijing 100071)

Abstract The thermophilic feature of thermophiles are due to the high thermostability
of their proteins. In order to investigate the mechanism of the high thermostability of
thermophilic proteins and compare the difference of amino acid composition between
thermophilic and mesophilic proteins, 110 pairs of homologous protein sequences from
thermophiles and mesophiles respectively are collected and the amino acid composition,
percentage of hydrophobic amino acids, hydropathy index, percentage of charged
amino acids of the two protein groups are cormpared. It reveals that the two groups
have evidently different composition in several kinds of amino acids, and thermophitic
proteins  have higher average hydropathy and charged amino acids composition. A
comparison of the aliphatic indices between the two protein groups indicates that the
reason that thermophilic proteins have higher aliphatic index is that thermophilic
proteins have higher leucine composition, and thus sheds doubt on the validity of
aliphatic index. Tt shows that it is possible to disclose some general rules with regard
to the mechanism of protein thermostability by comparing a large amount of protein
sequence data.

Key words  Thermophilic protein, Hydropathy, Charged amino acid composition,
Aliphatic index
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