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B 20 N 4ERS T AW 2 K T 4 R B R ST R % e N DR, AR B
ARELHWE TR ZHANEBR MR, “EE i TR WA FHEH R T —NHZN
W, AR, HAESR, B A TR AR G E AR B T KL (K 3t R, %5 0 2 7E 58 B B
5 [ 3HE 4K (directed evolution) K B % i1 (rational design) & 51, — 5 % LLAT, AL
15 3 JEEH SIHF K% John M. Walker H R (LE B T ATP & B K 458 5 HLEL T 2R
3K 1997 4E i WURM ) FE M T ¥ )7 1LY Methods in Molecular Biology &%
Mz —, B 48 [ 9 3 8~ K% 0 Katja M. Arndt Al Kristian M. Miiller 44 % [ Protein
Engineering Protocols — 15, W45 i MR 3 K FI AR I8 2 A7 8 1 B4k 27 B 731 AR 5 AT O 4
1k [ B 4 44 KBRS , ST B S R AR O V4N s A 4 T BAR R 3 R X A S5O BT U
B HAR KB R szl

It 18 5 644 , A H8 % B 1 0 Gl o el e 4 A A R (R BE L & B S 4D ST K&
() B AL S AR A4, 4R i PR re 280 bt 2 96 0 3 L A AT N AR AP 1K) SR AR A B 1 Rk R, E )
AT LU o A A B R SR AT, A R E A A RS E I B k. AT 2
2 1) 5 A% T 7 6 Y A5 4R 5 P O 1K) SR AR AR 1, T DA € 1) A 7 VR R AE BN H AR 1K
e B AARERR L RE, AR AT EFEE S RN NTELKE RN, 535h, BATE ]
DUBLRL AR AT PR AR B i AL 7, S %7 DN A %4 (DN A shulfling) 5 AR K4 §if i
73 3 1A AR HE— L IR A VLR A B SEARA I 45 SR . — Ui ok, % 1) BE AL AN 5 1 5% S
A I VR < 4S5 RS B, A X B AE B AT I X T8 R ) BEAL S AR R, A
T BT — AN RARAEX AR BN LR E W, FL b R E Wt
1) S50 &5 SR H bR 2 3 BURE P 1R 7= AR A AT A 1 AR B 1) R A i B, L 1 5E 1) 14k
KR FATRW 2 BR 2 X TR B RS 5 Dy RERH iR,

JRAE H AT BT B ) AT AR B AT AR R A P SR, FRATTIE AN e 8 — At 9 AT
BT AR B R R R H =Y S5 4, SR T, BE A 450 1 X 41 5 A Rt ST AR 1
R, BARFR gL MHT S N S LA T KR, #E 2010 4K, PDB 4 /4
(http://www.resb.org/pdb/home/home.do) B4 W% T -7 2 4N A i — 4k 45 g Ak
b, 3 HGE vh $edi R WA 2008 4= LLK , PDB JE v 5 B AT WO BB M 8 B B B K, X
FRAE MHT PDB Bl A8 o T4 K AR B BT AR, FE b Al B AR
W F AT S B B 4S5 R S D R Y S B RO BT I B B R 2 2 BN W RE L, A A
T IX — J7 THI (1) PR B Al K ] Se ) L

AP ENE B BRI Bvt v 57 SRS gt 4 SR A, e TR S
A A A B TR SR S A R R R B Rk AT —AMTZ AR
BTt S AR R R (0 — u A K BEAT S B BRI A Y fE s B VR A
N T EARPAERRE LR ARSNGB E BRI LR TR TR EES
POEAMSHERAA; ALRREAR RS S8 U R T A ERARYN 4
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HAR TREZES S FEY* EARESWSN R UKEDRFEAIE AN
FRb, I E bR R RS B AT A B B B, AT P B T R A A e (1)
HAR H AR HE R S . 58— SR 2 B B2 i1 (rational design) , BH2# AR B A 1K) 45
¥ 55 T GE 40 775 B VAR N 1R 8 A 5 58 AN SRS S BT R &2 1n) B4k (directed evolution) , il i
St 8 G I N BEALSE AR, 4R Ji5 1 5RO % FL A7 AF I 4RF P 1K SR A 4k, ok 22 40 5% A4 N 7 ik
M55, T BA B Bl H AR R I ALl B2 . S 4, al i DNA VB4 (DNA shuffling) £ A%
I 396 19 380 1K) S AR A& i3k — 20 VR A5 DT e LA 7S 21 580 (% 45 31, T BBl (9 4R A3 P AR 3 b 1K
HidHe,

A — NG T B TR v SR, LA RS U S kL R BN IR R
BERKY BEY S FRER, UK — LR 3R J7 10610 36 93 BT % oF 8% 10 (0 4 97 4
P RAF5INSRAR I MG 20 A HE R, AH T 0 R 4 DT I R A% 7 AR I RCR U R R
ABREPER B T AN E ARG B, ETFENENREATEZ MM, Hik, X
— B4 FEE IR W B vk BAT F AR 10 B B, R Bk TR R AR R TR IR A HR
(K s, 0 2 3-8 A BAE ] ODN A S5 BUARBERL, LR Bl G 1 B

ABME Iy FEINR T EAR, SIS R &, & 3k 1k 5w R 7
T 50 A0 B R MK = M L R T BT — A R AR R R A A BRI
Fesk b, R ) FEA IR S50 55 SRR W AR RE M (0 PR AR A R AR R B I R K R, R
I J2E A SR W% s A ) O Bt R 32 AT . AL PR (K B 5 B LB AKX DN A T4 5 ik Ik 4%, LA
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— Mgk HEAG P IR (R G VP Al DN A YR G (K08 ik, AR R [ (1) 3 R 07 1% SR s A%
[ It 25 T AN IR P A 1 — e S o], B 1 R AT B 2R R R e v, DA R PR,

Afam A T & E TR A BT 1 5 S5 T 58 4 (1 B0 2 R L
PRI S50 4075, & A AR A DN Z IR MR TAEEM ., RS 5B E MNP AR
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1 SRR A& XE O R TR
Hidetoshi Kono, Wei Wang, and Jeffery G. Saven

BE UHIE-HERAROH P REEEMEN, ATHEERETARREART
FIZE M), DR B — 4 s g C AN S5 R A D BEAH A B B 1 U8 . AE ST EE I T BE R 45
BREIT, MR EINEA AV EERAA BRI EE . IFENTTETHTHES
s vk Q=i L R I R o

ki aFEarsvol; dak; fasutE Rt g

.1 4 28!

1.1.1 ZEBAREIT

WX EE RSN (WIS BT RIS M) B BeTh, BF50E T DL R Xt
R E AT BRSNS AE K ) RO BB . Sa8h, X e 4t B S M BETT B4R I, TTRERS
FHH RAEYMENR RN S RED . RN REAREZ, R4, U5
MRS, FB MR T AN BB R E R RSB I R&GT, BERRT
U343 AT BEER A B2

B, MTHREEAFRNBESKIMEAAER KL RENENE, Ea R ARL—
frEgm 2%, RARLERKD T (SR THHETDMEAEREZIL, TERSHSE
R LGSR, LhOf)Fe, FmAMMeEmS, BIEESgHeas e,
REARIEAI TR L EMER ., BR TS24, EAFFIR S e, Bk BRA
MEBHTRER P, BT BK)FS], £FBRATUER M EE “—3”
SlRXAMERER Y, —BOok, THBREOEAR, £RFAFL, BLGH
RVEPE AN AR R . KRR L W IR 1, I (0K 2 BB A P #4000 A 170 4 4 S o
BRI — BV 8 H AR SR, ATREBCAT AT A REAE In) BT AL I XS Bk . D34, R
M5 B ARICA AN ELAE RIS T doe AR B — S ) 8T, JF HL, Al v i B e el 45 1 A PG 1Y
HiRE, P9RRIFERFF T B R SR SRR AR, H AT, RATEA B
B M BB T Bt BER AL I TT %, B 2 R BT 5 A R e AR A, R
g, WA RVE BB S IR0 TR, B EE T e, MUEE AR
WREZEMEAN, MEARMIKMEE. AXEHRT, XEErth, 228
IR F R P 3R B35 M L IXRE R B RIS . IF EXRE B AR AT )T
B, AR AT REXT 4 A B AL BERUR A B H bR S5 AU, A ) —Fhik e, fEIX e e fu &
(8o 1 Bt T DUSORE AR PR N, BLAS B0t IR R sl SRR 1O T e o . M T v b &
ETHETFRBIFE 4TI ST, B EIFF7 46 KB IXHE )75 —ia



4. B EARLEP RS TR

KT AT AR 351 48 R e 51 28 77 S BT R AL 3L AN

PR R R A G S TAERARAS LR PR b, XELKRE™
AR RE IR T 2 75 . BRASHIERAHEKRIFS (10°~107), HAREHEL
BRI R FRF S BB AR B 5T/, xt 100 MREME G|, XAHOR 207~
10" (BT 10 XAMBEEZ KA R T#H, BEERI—4% 100 MERENEHS
JRFEBI 217 B 10 000/ N g ¥, NA~6X 10", RBTRMN4E T % B, Mas il 107 %
5T B 10" kg M9 H R . 33X A BRI T B AT 3R AT AT S 5 B R B B R R 107
kg— AT, TR, MAERRMAAEE, RAVIRLHE D T P52 6k E K — b
o, WL HEMEE, £ O F DR TEREN mFEIX B0 R 1AL AR VFR 2 B &
AR AT AR (AT AR, BIRT LR R 20 PR R T AR MR B WA,
N AT LRA MBRE—FFE) KLU FINE R RE, ERARE T 7T LA R
B2 MEHENBEF TN, FREANMBEFIZ K E ]I H %, £XE,
AV P B M ST ik, FE T B Ab B4 RE S5 M AT U R R AR R T AR A A R
I

1.1.2 EEARIGHHERAZE

XER “EmEARRE” REEEE & (R4 WRTENBUEEENE
A IS, R T LU 2 k& R R R IA I Jrik, SER PR SCELAE — SR XA ) )7
5, UBARFTREAIMS THE, BRI N, RECHEINEREEN
SHMEHMIANEARTIINIE S TREKN, ENAEERN _%4W, BAHFA0
HUHBO=REW BT RS ERAFURKINNRERAHEAEM, T %kes
WK TR A RBTE R R Th R, AT, XK TR SR R A
2, AR RAREERS AMERS, UM ER)T5 AT 2 R 8
SPTA m" MR IIK SR, AN RIRE N AVFRRR, SATsuk
MEEREH BE D, WA m=20 WD F| m=2 WA RATITH, A TIEBMNA
V38R AR B ST T AH B AT B & B HE R 51, 0 208 R RS R TR 1 AN () ) A
% (Efirtd) (ASHEXE (6D, &R, FAH—NEREF R KPREL m 0
10 B & —— XU TR SR B I e 46 SR A S B H A I R s ek, R R A
BRI AV, I BB T HRERWRZ B RS, BT XA WA &
SR BEEE S, DN RERKFIRERMEHE, iT XNMHAEH
KAE e 5 A 250 H M Fa Bomomte, XA M0 58 BBUE VA OIS BL T AR SE I, £
XA OUT , 550 AT LUR SE i 77 sUBORE DU W A6 B (el o R AL i) 7
FITr s, BENLT i, st Sk MR RR K, A& X 751 28 Ja) B 3 4 BE AL R &
EXFEER S, MREWMB RS (KA P77, XM RG LN “WpE”
REY, DAV )FE-Ted i E KRR ME., YR THRHAZIE FIIRER
T, BT EEA LR THBKREEFEBREWHAR, FSHAT 434
Cro™™ . ZHE" . GCEAM BB | WW SHB" R ek 1o A R g5 1,
EARTEVF 06 BU T IX 2 05 VA X 48 5t SR T AT (P50 A B, (AR BN RIEA L
6 50 HBAR AL AT RA A LR M B AR, B HERR R, W “FE
BRIE”, BedRBIHEAAORAL AT KRR K T T T G B B AN T R M A AR 2 R




1 SRARHE A & s A o o « 5

M- A, AR HRASTHEBER. Mayo FTRAMNHARX —Trik, CAil 28 it
B A MR B KRR YERT AB R AL 2 J5 0 51 S BE W) YR S AR (A RAA T 1 S )T 5
Bt BBk, AL TR T HORh B R S R Hosh etk R, g
BB, T EEAER BRI E T B A FUE B Rk
R Bl — SR 0 AR,

S T BB BT, AFRR B R [ BT B S T I A 8 T T B A A G A
W AT SIRHE LA R R BN AT T RE A, AV 2 A A L E R A2
W, B, BMERTAER, XHERTFEHEAPN M SIR0EE KK, &R ITEXN T
A8 FH 0 B B AT 0 R BOb S8 R UK, RO E REE R RER R B AL, B, Pr X
R BR Bt b s AL, I B RE B BR B0 B ANEE A TR 38 AT BE AN S8 VR AR AR AL
BR, T2 RARFANEAFRZARARAN. Sk L, 2HEERAFRAAHNITTSRE
YE, 1 AG°<<10kcal®/mol """, HATHLE , fEThhE L5 HA 4> T 45 & (T B S M BT
P LA DR BAAL R, EEAGR AR E WE A R AN IR, X LT AR R T AR
1 B A HER A2 G5 M AT REAE 45 K _E AT R B AL B 31 A AIE . SXAE o ™ T B vt
BABUFS, i5h, KRR ITSETH TR EA RO A — A& LR,
B I 56 v KR R T A ) I ORI 9 O

1.1.3 BB

FEE E R MRV N, BATH 2 &I R T AN R S P Bk R R
e B BBt A T A R BRR R R Tk, MR YR T vE R E R Tx i U AR
B &R, MEAFRBR, 78R8 R R e AL B T IXRE R
Tk, EARTTEBL - NEANHELRE, AEENHEERREHERES., §—1
BB R AR B ELARE R AE K/ LA W DU B BRI, VP8 R — A B 5
WH, UHTAHF B PRREHFEM, CRUXEH AR NG, BEREMR (Wi
D, R ik th R MR A R TSR B, R4 LR TR,
HEMMAR T LS SR E P B, thaE N BREA DR, X8 H A5
MLl IR A MBI 2 )5, XFERIAL AT BLSCh R s i H A,

AR Ak T v AT A RUJLAP 5 SN T3 B BBET . )3 51 N 2 DARF & v 53 L iy iy =X

Jrdl, AELERy, TCAESIMISE, BookWmEaETt (CemEr) ke, HiX
PRI, CAE] 114 A SREE 9 XU 4 s B T R — A o B IS 2R 1 10 T o kA A
Hok, WEBERATH TSI S FAIKER, CRIIET Monte Carlo f1J5%., £ Monte
Carlo $U3H AIRE— nHR 2 751 I 2 BRI LA I, T 55 1 % i P MR % P 40 4 1 1 2k 00 ik 4%
PRAETY R 7 R A B O I IR B 4y, (R4 T4 R A BB B T A
WMRAFEETHTER, TR, e, MRS UK C R S E AR
A PR BT

1.1.4 HAEFZEH
S 45 1R 5 S 56 7T DL FH SR AT 55 51 45 K AH 255 R R BT B o R W B B

@ lcal=4.1868], J5lA.



<6 - s EAR LA RS R

EFARAGRTLH T, MERRRTFH CEWAE), UKL ENBULHE LN
IE %, Bk T 50 00 B BOHE R i P AR R I Y, X SRS AT LAERAI K &7 51 7 51 5
ATk 10700, AT LA R AT, ARG S BRI SRR B (5K R LR
FIBBREEZHRERFN TR, XEMLRTL “BREAFTIIEEE. BT X
BT HRARBAFWESMMEE, TUBANGTE MHAEY AR EEKRE,
AaneATSNBEEAY T, ZEEF ., REAAREA" . AETEN
PR MR A LR BRI BAERE T UM AR T A& TR AN TT IR
grg

1.2 B 2

BARR P ORI R R - M E RO RS TN REER (D
FE— 38 EAL T BRER AN T . X, AT IR JLANAG v IX EE R 1 7 ¥R O H B BB
fiFP 3 LA A BB TR ) B A

1.2.1 XEFIIRgEEXY

TR IR 45 04 10 P 5 T A T O B RN G5 R B R . 2R B AR E LG K
{9 5 51 FT LA B 9 5 B30 P R 45 L ot B0 A o 4 0 ok R — AN RS A i 2
&, BALSFIHLER [WFFE—#% Gdentity) KT 40%] A LUA R ILZE[F —
G5H, XX AR S5 AR AL ER B 5T K 22 ) 51 L T DA S R A Uk S O R R TR B A TR
texthdg— B CHBLD S — & EROBE" . X — AR ER N T IHE (se-
quence profile) , WRFHIFIBREAG, LLECT 5L 2 B/ 70 3 L5 AL il BRI
i, thil# (psedocount) FIHiAth 77 vk AT LLA KA AL X Le BB, DIMEEAI4EYT & A ik
LR A L AR BRI, ASRE ) F) 18 73 B 0 R 5 K A B PE P B
R B AR P G 2 . BROA AR AR K AR IRAR B PR 31 4 B R A i B 7, BRAA &
FESE )" B VE B AR 51 AT AR MR AT B e R BEAR . A B P 3 B R TR ANE A T v 3
WP BA PRI R A REH , F— N4 € KBRS B, 5838 ) v 507 8]
MK E BRI

1.2.2 BIIENERDEERESZE

RE [0 8 R T7 W SN A AT DA v — AN R S AR . XX RIS, e e E
BER T AP R E — D HARG M, I RRA BN EAREGH, JUA R B &R
REBE T SEAERFIAH ST T =N E M, TTURLIET 255
RIS, UGR 475, XEFHH XS = AL AR % . Desjarlais & H & 1F
H, MERHEHE -BUHERRH KRS W REN T —A kG0 #E4T T A0 5
ST EIES | 3G — AR, SR — MR R A, BJE, XA
BWRITH/ WM, N TECEHATEE S DB WW &R i BHANF
5, X —H B E 100 MR AR QA B72) MGE—A, N F 5B
BT HGN SRS GE BEO BIE 2 H E I, Xencor Inc. B T A& X — AL ¥ 51
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