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(57) Abstract: Provided are a phenylalanine ammonia lyase mutant, an encoding gene thereof, a genetically engineered microorganism,
and a method for preparing the phenylalanine ammonia lyase mutant. Also provided is use of the phenylalanine ammonia lyase mutant
in catalyzing the degradation of L-phenylalanine and preparing an oral medicament for treating phenylketonuria.
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KN RIR AR BTk KN A

BAR G
AR & T8 A AR GUSAT A ROR WU, AR RS SRS 20 R R IR K R A R R 2 B
RAR e L H o

BRIAR

KN RAFAEE N (Phenylalanineammonialyase, PAL) J& 7% & IR R LM A % Ik (EC
43.1.23-125F14.3.1.3) . KRR IREEEEPAL)E TR 58 & I — Fh oA A= W15 2 5
FvRIT M, TR AR KR R M (L LR P S i AR S e g A i s A R R A
PAL R—FAEM AN WIES, | AAET w1l BRI S5 A P
PRI, (BIESIA AR ATEAE. JbA, 2 BRI R R 2N O A A/E KT T
R T B R LA FRETIR (Moffitt 25, Biochemistry 46: 1004-1012[2007]; Sarkissian %5,
Proc. Natl. Acad. Sci. USA 96: 2339-2344 [1999]; Williams %, Microbiology 151: 2543-2550
[20051#1 Xiang £, 277 : 32505-32509 [2002]) .

PAL Fgn] FE 697 AR 80U —— RN B FRAE(PKUYRI R A i . PKU & — P22 LAY
YO RRRE IR AL MET, R T RR R LB (PAT) B S 5 5l R 7 T S AE VA 6 Rk
DA 1) g 1Y) 5 PR R AR T 5 B0 ) 08 40 Th RE Bk el FE T R e Ak 9142 . PAHL g 67 579715 1ML
b L-RAERIKF. 2 PAH RERNER S EENEA RGN, KRNERE L
AR R FN FAATAE A . ARYS AR AT, PKU B3 M P 2R N 2R & 508 5 >360
UM. PKU & WA KRBT, Bk RR &R S — e Yl e S U R =
ST RR, W AGARIThRE, SECEW. WUH. O PAEEMR RIS . T PAH
HAEARREM, RIS . HIk, PAL A PKU BE#RM T B—FikH, PAL KA FH
MR RREA N TR ATH R ML &Y, B RPN .

U2 WP PAL fEM B RIAIT PKU M (Ambrus %5, Science 201: 837-
839 [1978]; Hendrikse 4, ScientificReportsl0: 1315-1337 [2020]; Kim 4§, Molecular
Therapy 10: 220-224 [2004]F1 Sarkissian 25, Proc. Natl. Acad. Sci. USA 96: 2339-2344
[1999]) . HEI, PAL HI-TG9T PKU Fom ks 2550 Otk 47, LA PAL HIRZA)IE
ST R R R B, . PAL RS (2594 Palynzig™) flle Stk A TVR 7 A
PKU &5, Palynzig™it PAL &5t PEGCR 4 —FLAEIN, 220908 B B 24 BoR 75



WO 2024/032012 PCT/CN2023/087182
2

PAIT R R R, 5 4 T A CLARIE I o sk B 9 2 S T AR Z W FH FUR Y (2 L WO
2008/153776; Sarkissian ¢, PNAS 105: 20894-20899 [2008]) . %I'Xt PAL HfkZi¥n, HEAEl
O TH RS AR B, @ i TR PAL HIFRFEK PKU 23R8 R AR B & &
(Babich 2%, Pharmaceuticals13, 63 [2020]#1 Hoskins %%, Lancetl(8165): 392-394 [1980]) ,
W T AR ARG PAL B TRGAFERBEFHAKEIZENNENEAR (21 WO
2021/188819) , b4k, EFWSEIRT, A R K MR R A ERAKT 2 A
iESL (Isabella %, Nature Biotechnology39: 857-867 [2018]) . fHUA 7 R#FAERS, 7
PEG-PAL VET 25700710 : 1, s Esr, ARMARZE, TR (7 HI E R~
B, ACHE (R SAE N AR RS 7F PAL miAERAYIIH . BAFERESE, TRKX
NARE , FIRTTECEE DA, A b AR T BREOH AT R R N BRI EUD, IR R
MR M N e AN, R R AR

HRT, XTRVE T 82K Y Anabaena variabilis; E 35 Rhodosporidiumtoruloides ,
Rhodotorulaglutinis M Pseudozyma antarctica ; VA B 40 B 25 Streptomyces maritimus
Photorhabdusluminescens A1 Rubrobacterxylanophilus %5 PAL W RE L . AEAEYERIER
PAL BEATE AR ZROR, HAPERRIEN PAL AR E NS, HHARMAEYRIEN PAL B
HEHEE (Kawatra 25, Biochimiel77: 142-152 [20201F1 Zhu %, Biotechnol Lett5: 751-756
[2013]) . HAKELL RS (Rhodotorulaglutinis) KPR RgPAL 1L & i 4 15 N NGNS /1 4
42U/mg, HEE ST R toruloides, R. aurantiaca KM-1, P. crispum, S. maritimus, A.
variabilis, F N. punctiforme KJE 1) PAL By /] (Zhu %5, Biotechnol Lett 5: 751-756
[2013]) . RZH PAL FERRPEPA G o A48 Hi v (B fE ALis 1, i pH JB N 8.5 2 9.5,
RANERTG PAL B2 mRMRIE, bbim R, aeiis, UABTERA SRR
R R BT E pH 7 N A S A TR AR I R 205 1 5546 . (R, — St e p e s
PAL 85T (Gamez %%, Molecular Therapy9: 124-129 [2004]; Babich %§, Heliyon 6:
03096 [2020]; Zhu %§, Biotechnology Reports 3: 21-26 [2014]; WO 2014/172541 F1 US
2021/0222145) , B BRI 2, X5 B A NgRRET S, BEFRAS R 1 DA AT s2 g W), H Y
& RENE AR (1) ST I R PAL 252540

AT Pk PAL & 27097 PKU B, 5230 PAL 72 AR B i S5 i S HAME, A
WEET SR TR PAL VAR, DU v AR TN R A 2 xR B 1 Y 52 1
TERRYESEIF T BOMEAGVE E, DAL il (A AR SE M . C RN A Mok st FRY Al PR R SRR AL 1
A LLEE %R B R TR Tk R, AR, BRI, B BRI, X TR
R FRARREH 2 A E RIS, (ER&ERG JF B S R R eIk,
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W H E R TRESORSCE B RS AR L, BRERENRAE, Erette, Bkt
PUR I e 5 o TR 7 SOE BT A2 B, AT RS AT D0 B B8 (1 2R AL 44 LA e N ATTX i
LAkt oK

REFAR

AR5 WY L BEATLREA 5 5E ) B0 B9 U7 R e G £L 8% B (Rhodotorulaglutinis) RIS I AR I &
MRS RgPAL FINHIETERE, #ans th4k LAIGssx] 8 IR I 32 MR RE, 3R XA IR 1 pH
FAF MR, SR ETE SR AR R AR

AR KT I BOR AT IS AR B R S B B RgPAL BEATRARTHE . %M ik H
LB RE (Rhodotorulaglutinis) , EE4MSIT%140 SEQ ID NO.1 Fizn, &ERTHIA SEQ
ID NO.2 firn. HiRid pH oA 8~9, XMME pH, SIA7KAFN SRR EEaUK. FIG, widxd
A A M AT AL R AR R A R AR, DUBSRAS R B M 5 ok T R R i
R & BRI By R AR AR

KT H R SR A TS P 5 e R T R R U R AR M S RN S o AR Wt
BEALI B 34T KB TR, RN R MR TN E R AR M T8k, i8R 2
TEAREFRNERMEBENOI RN TREBEK, N9 2 7R,

BO7H, AR TR RIRA R R, P RAR B AT AR T &R (17
M, HPERE E T TR PR 1 A v T B A B DR TR S A e 1 A

IR AR B S 7 %8, FTR RS S B BR 7 41 2 7E SEQ ID NO.2 Fizs I £ 1 741
Ful b, £ K92, Q488, Q576 i/ — M E KRB A RA, B3 IR RN =R
ARG IS AR AR IRV BRI T B ELAT i A SR AR (MR R TR T 91 P (R TR SR AR 7 i

AL, TR TR ZUR M 2 M AR R A FEXT T SEQ ID NO.2, fE7EQI T A7 s I 5748
K92E, Q488E, QS76E H 1) —hmli oy b mlg = R g U Fr DA _F 125

BHARM, XNT SEQ ID NO.2, fFEM M AR 5 92 AifiE R RN =
5 488 Wi R RN EIR: 5 576 MARMMRLABER: 5 488 B BB RE
NBREIR, HEB 576 A EMIE R NREIR: F 92 MHERRENTEIR, 5 488 it
BRI RNBER, HE 576 MR AR RENT AR -

IRAE AR e T %, N E— DR TRERNE RIS, AR AR
WSS R RN AR AR R L, HAE DRIRE BN REAE Variant#S (FIER
7340 SEQ ID NO.4 fiia) fykkal b, - DR TR uE. BAskin, AR SRS n s
424k SEQ ID NO.4 Y&t b, £ A13, NI8, T28, S29, R77, 189, 1127, S145,
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L151, T169, 1184, K231, Q237, M239, T275, T279, T342, H376, S379, N399, N444,
D513, E542, E544, A557, T560, S592, E606, A623, 1624, A636, 1654 fi [ &/b—
ML E IR R R RAR . B TR R T 2 R A 2 M R AR I s B R P B LA ik e AR R 7R
()28 B TR e 410 1 TR AR A

FEAREHL, iR KRR A2 B R AR EHE XN T SEQ ID NO.4, fEEM M7 HRAR:
A13T, NI8D, T28I, S29G, R77G, I8V, I1127T, SI145N, L151Q. TI169A, 1184V,
K231H, K231Y, Q237R, Q237E, M239T, T275P, T279S, T342I, H376R, S379G,
N399S, N444S, E488A, D5I3E, E542G, E544G, AS557V, T560S, E576A, S592G,
E606V, A623G, 1624V, A636V, 1654M H ] — Fp mlg i Fob ol = Pl PU Fb LA - 124

R, XM T SEQ ID NO.4, fREW R piffRA: i 89 (i R a R R ANHE
. 55 89 fi it IR ARAS NGNS, HE5 444 fr R ABERE AT NI, 5 513 i KR
RRANBEIR: 5 513 M RXAMRRELRNGEAR, HEE 654 (i m @B R AT A
513 MNERRAHEAIR, 127 MR 8RR N ERR, BB 513 A RAEHRRE
NEER: 3 18 MRABERERNRLER: 5 151 M REBMRLNGEBNE; 38 18R
AW RALRRARIR, HEE 151 e a BB AR Al 5 151 e am RN Al
iz, FLEE 231 A E R A ERR: 6 151 A MR NG ERE, H2E 231 M ifE R
RANBEERR; 25 151 A m R NB R, 25 231 il Em R N ER, HE 623
PARIR R ANHEIR: B 151 AR am R R ANR Mz, 58 376 AR R AR,
HEZ 557 NNRAR KRB ABAN: F 151 M RERRL NN, 255 231 B R T A
PRERR, 3 376 MARMRL R, BB 557 MNERREAMEATR: 5 18 AL RAM
FERAARNRARR, 5 89 MR wRBMRALNMEAR, # 127 MR RaRREANNER, H
151 s B RN A R Z, B35 513 AR AR R NG 2N 3 77 MRS R A H
TR B 7T AEERET AT AR, HE 654 R ma R T NRRER: % 77 ik am
RBNTEER, B 279 MR REANLETR, B 488 MO AMRLNNEARR: 5 28 fI
NERRZNRTRAR, % 77 MEERRLNHERR, # 237 AR REABRER,
H2E 399 fr R AWM RN TG 55 77 MR RR BN E IR, 5 89 Rzl RN
R, 5151 NRERREBABEAmN, & 231 ERRSEAMEER, 2F 279 MHAR
RERNEEW, B 513 M RLAEMRLANEIR: H 239 MPRMEARRLEANNAR: F

0

239 P R IR RAN SRR, HH 560 M BRRENLENR: o 77 MAFERR LN HE
M, 2 89 Wi R R T WM, HEE 239 i RN AL A 55 77 Mo a iR

LAHEIR, B 89 MR RE R AMER, 5 239 L HMEARRL N, B¥ 576
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MARRFEALNNERR: 5 239 M HMEARRLANRERR, A 542 MAERELNH AR
3151 AR ER R A EABE, 5 239 A AR R B AR, HHE 557 MNERRE
RNEFEIR; 5B 237 MAEBIER AR RANR, HE 636 MR ANGRAIR: 5 237 fitr
AN R RFGEIR, 3 S NBRAMRRERNTERE, HEE 606 MR RBEANGEE; B
29 fr 22 S FR RN AR, 3 145 M2 FIRR BN RABEL, B2 279 fLy @B R N2
FRs 28 77 AR R EATER, 5 9 MR B MR L NMER, £ 151 MmEmRREAN
R, 237 MR RBE R NG E R, 5 239 i FIRE IR R NI R, HEE 513 47
RAFRRBERATER: 532 MR REARRER: F 184 M rRARRL A
B2 342 M RMELAT AR 184 M7 R &R NEHEER, 342 A EIREE
NRRR, HEE 592 (i 2FmRRLNHERR: 89 i F R Em MR L NEER, 5 151 {1
SRR RN TS, 5 237 AR RN R, HE

B 2 231 AR L ARER, HE 342 75

.

>2w

B2, HEB 342 fior R e
PRI TR TR BF 342 N RARE
BRFER, B 544 MHEMRLRNTEIR: 5 239 MFMEARRT AEAR, BE
342 (R RAL N EIR: B 89 MR LA MR L NIERR, 39 i TR AR I AL A I
B, HIE M2 MR ERBRRBARREAR: 169 M HEMRNNEER, 5 239 i HEE

FRRA NI EIR, HI 342 M ARRETAR AR 5 275 M aERRENHER, B
239 M HRARR L NTERE, HE 342 MR MRR T NR AR H 169 IR RREA
AR, 5 275 MR BRAAMER, 5 239 i PR A NI ER, HEE 342 MR
RRLAF AR B 77 MHERRZAHER, 2 169 MR RLNNER, F 239
AR ER R NHERR, B 342 M EBRRERNT AR 5 89 MR ia R AN
2, B IS RERRENBREB, # 239 M HREREBANTER, HH 342 fIRE
PRRAZ IR 55 169 AL Iral R R NN 2R, 3 275 IR KRNI ER, 25 239
f R Z R R AT AR, 3 342 N RABR R ART AR, B 513 M RZABRREL RS
KR 77 MREERRETAHERR, B 169 M HEREBNNERR, F 239 I FRERR
BRIEIR, 3B 342 M ERRMRLARAZER, HE S1B3 AMRLEMRELABGER: H
PR RIR R ANHEIR, B 151 A RE R R NT M NZ, 5B 169 M /iR R AN AR,
% 239 M HRARRLANFER, F 32 BT REARREAR, HE 513 MAKXARR
BRBEFR: 3B 7T ARERRENTER, $ 89 MR e REAMEIR, 25 151 fi 2
RRAL RN B, 5 169 M ARRELANAR, £ 237 MBEERBKRRLNERR, B
239 A7 IR 2B RN IR R, 55 275 MR E R T NI SR, 55 342 IR R N R
2B, HEESI3MRARMBRLNEEN

i)
f2

e

W

P

S
©

=
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IRYEAS R RS &, AR HIREE TR OB A T A — PR m PR &
FREF IR AL, R AR ERMA AN RgPAL GFMNT SEQ ID NO.2) K& |,
BT ARG . B, TR R S EER T P2 7E SEQ ID NO.2 kAL B, fE
K26, Y64, R177, R445, K676 Airh /b — MMy E KR ERAERE: liF AR A
% i e Il SR AR AR 1) 2 B P 91 LA T IR A SRR TR B R R e 471 v ) PR SRR 7 45

EARERL, Frid KRR AR RN TS B T SEQ ID NO.2, FRTEMN N A a4
K26A, K26P, Y64S, Y64H, R177M, R445A, K676S ¢y — Fiek i fbul = Fh e /9 f 2L _E
HEERE

AR, XNT SEQ ID NO.2, fAEWFASAINRE: 3 26 AR L AN
5 26 MERR L AMER: H 64 MEERRENLER: 5 64 MEERRENHER;
B 177 AR RN TR R 55 445 MM EIR TR NN ERR: 55 676 MR R e
T 64 NIBEMRBANLAN, B 445 MREERRBRNHERE: 26 UMEBEL
NHEER, B3 177 AR AR ATMERR: 0 26 MEMRRLNMEER, B o4 (7l
RIRRAANLETR: H o4 MBERFLNHAR, HE 177 MBRBRREATRER: B
26 AR R LANGRE, 5F 64 NBARTLNLEN, HE 177 R R I NF R
s 26 26 MR R NN AR, 25 64 MERE R NHEIR, HEE 445 AR R LN
WEER; % 26 MBERRFTTANNER, F 64 MEERELNAER, B 177 EERRL
NRREAIK, HEB 445 A EMRRENA R F 26 MR R NHEIKR, 5 64 MEER
FRRBRLEIR, 3177 MR AR mER, HE 445 MRZR R NHER.

IRIEA R B Sy &, AR IR AR RS MR RN R R = B 25 AR ik, RIEE Y
A RRNERA RN RgPAL (MT SEQ ID NO.2) KRl FibirRAechiE. HEAkH, fr
NIRRT P72 7E SEQ ID NO.2 Al |, #£ R101, E124, H340, E341, V344
B 2 D — AN B RSB RR R A RAR s Bl TR TR T SRR A e R AR R ) R - 4 oA
JITIR e A SRR () e HE B Py 21 T [ T IR SR

EARERL, PR KRR AR RN L B T SEQ ID NO.2, FRTEM N A a4
R101Q, EI124A, E124Q, H340D, H340V, E341A, V344A o f— ey fh ek = FhEL 1Y fh
PLEMAHE

BERARM, XNT SEQ ID NO.2, AW T AKIRE: 5§ 101 AR RE AR N
W 28 124 MR RMREANNER: £ 124 MAERRRLAT AR 5 340 frHERR A
NRAEIR: 55 340 M4 ZRRANBENE: 5 341 MR EIRKRDANEIR: 5 344 MR
FRRAANNEEL: 2 340 AR NFMEATR, F 341 MARMRL AN, HH 344

e
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PAREFR R ANEIR: 3 124 MRS FRRDANEAR, H 340 M AR KRB ARLAR,
5341 R BRRRENNER, B 344 EERRALNNEAR; 124 NEERREANN
SR, 5 340 MAHER I B NGEE, B 341 MARRFTNAER, HEF 344 fr R
BRANEIR: 3B 124 NBARRLRNGEFNG, 5 340 MHARRRLRNRELLIR, 26 341 7
BRAMRLRNNER, HIE 344 MHEBRRELANER: B 124 MAEARRBAR NG,
08 340 MHBRRR L NBREN, H 341 MBERFTLNNER, HE 344 AR RRE NN
N

MRS AR I SEIt 7 2, AR BT g A~ sl A~ DL B A7 SR AH & RARIE B4R ' TAE R
AR B R E OB 2P, pHo S NRMEMEERR TR e . RIER AR ER
RN 3AE FRHTH G R NIE. AR, ik RABE K RZERRT S RZAE SEQ ID NO.2 [¥)
Bt E, fE K26, Y64, E124, T169, R177, M239, H340, H341, V344, R445, Q488,
Q576 i I E AL E KA W E TR KA 2l il 25 TN 2 R A 2 B R A R 1) B A R 41
B b R A AR BB p 1 ) PR AR 67 A

TARIEHL, Pl R R R AR =BT S AR AFE X N T SEQ ID NO.2, TAEUN ML R R4
K26A, K26P, Y64S, Y64H, E124A, T169A, R177M, M239T, H340D, H340V, H341A,
V344A, R445A, Q488E Rl Q576E H iy— Mkl pfak —Fpal PUFh DL B4 A& .

BHHAARM, XM T SEQ ID NO.2, fF{EM T fiffIRA: 5 26 MIER R L NNER,
HEE 344 (L AE R R NNZEIR: 25 26 MIEIRKRLNIHERR, BB 344 f 40 RE N
R 2 64 NBEMRRENLEAR, HE 340 MHERREARLEAR: #H o4 MBAR
RANMHETR, HZE 340 fHARR KRB ARLARR: H 64 MIREAIRRL LA, HE 340
P ERRTRAZNGERIR: 3 64 MIREARR AL NHER, HEE 340 M HERR L NMAR
526 MR R NNERE, B 64 MIRERRZL I NAERE, HE 340 M HEARRENRE
RAIR; 3 26 MR RF T ANGAR, F 64 MEERRILAHAR, HIE 340 fAHRRFE
NEEER, 26 MHERRLNNER, o 64 MEEMRL NHEE, B 341 HRR
RANNERR; 25 26 MHMARREZNNER, 5 64 MRERRLNHERR, H 344 (740
RIRRAL NN 56 26 MHERKRENNERE, H 64 MR N, 5 177
R RN TREAIR, HEE 340 MARMRELRIREEAR: F 26 MR RKLANNEAR,
% 64 MR EFRR B AMHEIR, B 177 MRBERRLATRERR, HF 340 fHEREL N
GRER; o 26 MHERRTNNER, o 64 MEERRLNHER, # 124 MHRRRE
NRER, 5 177 MFERIRIE N REE, HEE 340 A HRIRFTBL NG 5 26 (i
R NNER, 2 64 MERRMRFENHAER, o 124 MARRRLNNEERR, 5 177
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AR IR R NI EIR, 25 340 AR N AR, H2E 344 AR NN E R
# 64 MR NHER, H 340 MHTMRLARLER, F 488 MR L N
BEW, HEE 576 MATMIERENGEIR: F 64 MPREIRTLNAERE, 5 340 45
TR R NEGEIR, 5 488 MR AL RN R, HEE 576 MR AMIERL N ER: B
64 (i ER B RALAMHEIR, 3 169 M A FRF L NNERS, 25 239 A PR L NI R,
H 340 M HAR TR N RARRE: 3 26 MBERREANER, 5 64 M ERR L N
R, 169 MR RIFTNHEE, B 239 BTN, HEE 445 foiam
RALRANERR: 5 26 MBEARRLANER, F 64 MEEEAMRERNHDR, 5 169 MR
PRI NNERR, 58 177 AR R N RERR, 58 239 M HmERRL i e, B
340 MAHBF R B NREAER: B 26 MBERREANEAR, H o4 NEREARTENHER,
5169 NIRRT NHEARE, B 239 (L R IENHEIR, 8 340 MHRB R L NKR
KRR, H 445 R ARREANERE .

RIEA RIS T %, BT EES SEQ ID NO2 M 4 £/ 85%. 86%. 87%.
88%-+ 89%- 90%-. 91%- 92%- 93%-. 94%. 95%- 96%-. 97%- 98%- 99%IL L ¥ [F]—
Ve ) T P 410 1) TR 2 ) B Ul AR AR B L Ty R B

ST, AR BRI IR TN SR A B 5 R AR R G A L R

FEZJ5H, AR RARIL ER RN R R R R R TR, A S g
BRARH AR EZ TR 2 T B, BTk 5 R TR w8 TRz R 115 2
HHRIAEA, P9 N RIATE 3 B 15 210 51 2H i bk

RYEA AR ST 5, Pk as O RIGAT IR . A2 AAT TR . LR TR Bl e B A v i
FE—F. fRikdt, prkiEERETE TR AR E, Bkt R E.coli BL21(DE3).

WRPE AR B S T77 %€, TR RIAEAE Y pET-30a(+).

IRIEA R RS0 T %, FTIR IR S RIAZ AT DNA EH:Ey ek # 8 1d 048w % PCR
HIHFAR R Y Al H R KR

VU, AR hEA R B TR M, AR TR R o 715 31 &
HARAR, B ANKIAE X RS 2 E A AR 2D

SR, AR WIHR AL 2 DN TS B 7 ) % 2 T U g SRR AR e () S

SN, AR SRR RN S B B SRR AR I & 0 v, AR IR iR S
I TAR G, i Rk g i R R =R BR A 2 R R AR FE K AP IR

g
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RIEAR AR SLHTT %, IR I 7% =4 I iR B R bR BRI T & Sopg/mL RAPE
PUPER LB F7r3Er, 37°C. 220rpm R H 77 E 0D600=0.6-0.8 IFf, HIAEFH] IPTG 2=
WEN 0.5mM, % 16°C. 150rpm £53% 16-18h (F R AR IR R KR HRIA.

RIEA R IR) LT %, Pk LB B 7R3E8°F 10 /L A, 5 o/L BERHERA 10 g/L
NaCl.

IRAE AR A ST 28, BT IR 45 7 VRIS AL IS 7% [ R A Rk B R P R A AR BT R
MR AT TR D B . Bk e AT 35 97 0 1) o 2 B A ik AT R P R T, SR A e e 7
JRIZIR B, P&k BESHE RN ERME R RENER, H Ni H2iftHMER,
TR IS o R R M 3 A e A B SRR R N R R e B R R R H R .

BT, AR IR TR KR YRR B R AR AE A FR AR LRI R T R B
W, BTk AR S S A S v BT A= SO 71 S s PR R AN 2

FNTTH, ARWESRME 7 2R T MR BT, SR TR R R AR M R
RERNEARRIEE, AT RN .

R A WA e SR AR AR S T %, TR AL R BRI BN 25-40°C, ik 25°C; ik
Hy, FTAMELL R NAA RPN EERIOIRE N 20mM. fRifedth, BT IR R NIRRT pH A 6-
9, fltik pH7-8.8.

SBILITIE, AR WAE A — PR P R RRAR RN = s PR AR R e Tk, BRI N AP,
HESTRARMOCEE: M. sEMEEER RN, REANERMW MR R EEA G T E
PRSI RO R AR SR A N R IR O R AR 8 S BT HE AL
B AR SO 5E AL SRR 290nm N EIROGEE R AL, IR M AEE S SRR R . PTIR IR L
FIHESEH R, WM A R RAERSEBE, RRTRIE SR .

HARM, Pk e A2 %Wa%%ﬁk%ﬁwﬁmmﬂ@MBT%%%&&;E~4
SR, IR R e SRR R R RN R R R AR 5 2 SR RN #E X
— ST, PR E AR RN R R EREE 37°CE S0°CIRAF— E I 1)) 12 5 R
KB

B TIE, A EE A R BT IR AR T SR A e R AR A ) A Y ST R TR PRAE B
M RRAP N A o AE—LEsTjtEplh, % LA R N IR R R e 2 SRR N . ATk Y SR
B iR e, YA TR AR L BAT B O AR T, BE SR B I S A AR AR e 1
REALVHFE T 2 PR AR -

AR IR R T S R R M R A 0T, I A i R R W iR S R TV,
MRNERA BN REE, ZRBENEREOBNZWE, £ pHe FM4 NHIWE, RETR
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SEMERI A BRI @ R A B R E R T, JF AT DU R AT Al s cias . B, o 5
BIRM RN THME BT, o REERT I EAREIIEE, B3Rt @
RLAE S AR B R P BEAT BEE R 0AT, XER TR R R B AT T AR A
PRIE, o SRR A BEOINE A -ELAE AR 259036 47 4 P B P ohE I e A PR R A

e 1 e B

1. AR EEE IR R S

B 2: MRS RIBERY SDS-PAGE 45, RIARME 96 LR miBE4Is: 75,
B A B P B R BT RPAL 524K Variant# 1 41 Mo 26 fo FHBE LY SDS-PAGE 45 8.

3: RgPAL KHIMASREMEALMMNGH SDS-PAGE 45 . AR MRERAN
RgPAL FIH[ 3 FRAZR(Variant#5, 23, 41, 60, 74 M 92)%E AL IFE4i1LH SDS-PAGE %45
A

Pl 4: RgPAL JRHF4rRABMRTE pHS.8 ik T IARX BEiE ). BFA BRI AR i 2 B
RgPAL & ¥4y KA (Variant#4, 5, 12, 15, 27, 35, 41, 44, 45 F1 48)7F pHS.8 &1~k
TR Ak SR S PRV S B G 7750 L4 T

Kl 5: RgPAL KM/ RAMRAE pH6 FAF N IARN BEIE 7. BF A B R0 R B 2 Ty
RgPAL J% 35> RAF K (Variant#4, 5, 12, 15, 27, 35, 41, 44, 45 F1 48)7F pH6 41 T4
A B B S5 R AE X TS 770 LL &5 2R

Bl 6: RPAL J7 H ARy 98 38 PRAE BLAUN i iR b FR A X Mg it 7 o B89 A A S TN U g e 2 g
RgPAL JZ &84 RAFR(Variant#4, 45, 48, 54, 55, 59, 60, 61, 62, 63, 64, 81 I 96){F
B TR B 1 N AU I R AT AR A S (AR X R T L4 R

Kl 7: RgPAL MHFL > R MRAERRAU B T AR I 3h A28 1k o BT AR R TN 2 e it
ZME RgPAL J#B4r A (Variant#54, 55, 59, 60, 61, 62, 63 Al 64)7E 476 i Al
PGB P BRI EBR, RN | Smin P9 774 A RE R (0 4 R Bl T o] 9928 1k

8: RgPAL KL RARMKAE 37°CHEE 4h J5 (AN BEG /0. B9 A8 A TH BB AR =
RgPAL K HE43 RASK(Variant#70, 71, 73, 74, 76, 78, 81, 82, 83, 84, 85, 86 Ml 96)TF
37°CHEH 4h Jo KA R AR EEE S0 EE 5 R

Pl 9: RgPAL RELFB/RARA 50°CIFE 4h Ja AN BEE . 5248 B 2R 0 & AR A U
RgPAL 53 RA AR (Variant#68, 69, 70, 71, 76, 81, 82, 83, 84, 85, 86 1 96)7f 50°C
2 E 4h o BRI R R AREEE F7 0] L4

HAR LT R

!
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ARFAPEFERR R PR = AR IR, BT S X GGly-HERR), A(Ala-P
2IR), V(Val-BiE ), L(Leu-remE), I(lle-FEMK), P(Pro-fliEMR), F(Phe- RN ER),
Y(Tyr-F&ZER), W(Trp-(W &), S(Ser-22%(IR), T(Thr-7728), C(Cys-FIHZR), M(Met-
HERZ M), N(Asn- R &ABEME), Q(GIn-# & M), D(Asp- KA EK), E(Glu-HZR),
K(Lys-#i% 1), R(Arg-f5% %), H(His-A1% ).

AR, CEPRME” BATARSUEE IS L, R MZ T IRECE BT 5 L A
A — .

FERKH T, RiE <917 RIBVIGIRIR B, 25 b H bR R 5 72 #0Ek s 4>
(514 & 07 55 AN RNA BEERERR. DNA BERHREIR S5 . ST @8 KR 1.
GBI TR . 51K FE RN BN TERZ BRI S B2 4% 1R 1 WT AT FcA xe WU it 75 11
MK

FERKYIT, RIE AR | “FARMER” « CRARMGEE” M AR WL
R, XEER R RRARARN T R — R e AR P51, Hlansy A= B 7 51 SEQ ID NO.2 KT
KL BRI R E NG, BORIET SLRRE MR F, BN EE 2 B R E R SE,
UGB MR IR . HE AN/ AR, IR IR B R 0 R AR M I e M o SRZR R AT DL i A 4
CRII AR AR T ERE . AT MRS DNA FAIERBIH BRI EAIR T EriEE.
BN B A RO E TR, B 2R TR 7oK A SR 1 AR .

RICFTHMARE “XR T B ARG EE AR N S B S B, “xd
JLT” RRMAKTAEIL L R, — 4805 75— 4P 51 i It 48 e o A B2 o 8

FLRSiti s S rf, ATk R e AR ) ik vl DA 90% A b, fliik 95%LL b, bk
98% [ [RIEME o AN ST HIEIL TR KA B 45 AL A I B TR Rk AR AL fi .
%1 K92E F£7~5 SEQ ID NO.2 [bXf, XN T SEQ ID NO.2 55 92 i & M i A N &
B AKRBH, XH “7 ReRBMAHE, Fll “Q488E/Q5T6E” KN 488 M4
MRS 576 M ERRIY KRR, WEHEMWANREA S, B 488 [ A @Mt R N & 1R
ME 576 M RMRRE AR, AURBER. KIFEHME, “KI2E/Q488E/Q576E” KAl
A Ot o VAP S i E A 1 N S i N X T

TR 25 ST AR R B K 7 vE S — DU . NS TR, T S S 8 SR s o
VORI A R, 110 AN L4 AR R S0t A S BEAR 7 96 Pl (T BR o 7 S ] b AR BH AL 4 A1F
WSET%, T AT H AT A 2 U ) A S0 A R 250, Bl HRBORE . TR S5 R AL
AFETT T UL A TR . 9 PCR O ARSIUBECAR N B ATBR NI S PCR. BRARSRR UL
W, BATR St 9 o A A R B o Tl B W A i, B T DUB I O 7 2 AR
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S —: FARKEREBREEE RgPAL R KRB RREAREHIME

KR CAIA AR AT RN AT RN RgPAL N, HfE O ka0 8 R
Rhodotorulaglutinis IN-1, HAEWIRN R KN EGE(EH pH N 8-9, BE4mhE 7l SEQ
ID NO.1 fiiz, RERT 528 SEQ ID NO.2 Fizn, T2 KIHF B E.coli BL21(DE3)H K ikl & .
A& WHAEYBEART R AT LS FW- RGN TARBGZIER, REEBEN pET-30a(+)%
) Ndel #1 Xhol 8 U Ar )l 2 18], % 40 A\ K Jig #F 18 T2 B2 75 & Toplo M3RIATH
E.coliBL2I(DE3)H, T & 50ug/mL RN LB AR ik, 37°Cik s, ik it
v AL T S R IB IR AR AT 44 pET30a-RgPAL, HHEEFAL, W5 56E IEH .
SCHEG) —: RgPAL RAR A &8 B ik 75

AR BN [ I SRS i R e RgPAL TSR SN, S TR Sl L, %

AFREE I LR, BEIrsm .
1) RgPAL R FHEREFR

PAEE 41 5k pET30a-RgPAL AR, 4> BB BENLI G4, BT %4 PCR, X HAHE
K| HEAT R P B BRI DA A B A DA BT S A R, @ RIYR E A R AR A
FMHMER RS RARNERELREHTA. BEHAREEMANRLE F
E.coliBL2I(DE3), fE&7H 10g/L AW, 5o/ BERHEEWY, 10g/L NaCl, 15g/L IR A1
S0ug/mL RIS RN LB HURFAR E35r, vk HEHMESTRE R I 40, 7£ 37°CiFE it
WG, MG R T &F Sopg/mL RAFER, 400uL/4L LB B 3RHEM 96 IRALRH,
FEFLRRIZIK (800rpm, 37°C) W RiEFFE 12-16h 1E A TR

HC SOpL B AR KA MM 7 i B 25 Soug/mL RAE R, 450uL/4L LB HFIrEN
%%ﬂm$,m§ﬂm%%<mmm,n%)#%%anoﬁF%%WﬁﬁamMEK}
FHRURREEN, 16 CRRT R 16-18h. K& H BT 96 FLAIUHE -80°CIR 7.
E%LE%96%W&%QM¢%@<mmmm2mm),i&%%%imﬁ,%%%mw
BEAT R — 404

DL E R R R TR it sr, H 96 fLImikt b it BB AR RN ERRER
Wi 1 AR AT
2) RgPAL REFEENHERRME

KRIGHFE XL RgPAL NAEANEE, 5ZN AT, DD LGB, MK
VI TR R N . 14k, 7E S A MU 96 IRFLAR NN 400uL/ L2 fE 5% vh iR
(50mM Tris-HCl, 150mM NaCl, pH8.0; 2mM EDTA; 0.5% Triton X-100; 1mM DTT;
Smg/mL FHEGR 0.5Smg/mL ZHiE R B) , HIRRGAEHERTERR. BREYESR
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NEGHEE 2-3h 5B (4000rpm, 20min) , WEANMRRM S FEREISE KA RIER
B (R, FRHEAT T — P BgE ) sl i . MREFAE AR Variant#l 40 247 /5 (04
AT SDS-PAGE TR (W 2 B , TERMMNS 4F 2 A~75kDa AL fE— Nl
RIKMEN, X5 RgPAL WTHARX 7> 7 )i —5, H H R ARG R S5m0
HHERIE.

3) RgPAL R EEREEIEE R @&

WIETE 290nm Ak 1 FE B I [R] 728 b Sk DY A B s RRE IR 1 A B, AT 8 5 45 L3R
RgPAL RAFMRANE L. FEAKBI T, ¥ 250pl/FLBHEL SOV (20mM EH R, 100mM
WEREN LB, pHS.8/50mM MES ZZ#hii, pH6, 20uL FIEFHMHD IAE] 96 FLEEFRR H
(Costar#3635, Corning)Ve & RN, H @ L H bR ACERER 290nm Ak W O 2 Fili I (7] 114 A2 44,
(15min, 1min/AREEED KT IHE 77 .

4) RgPAL RAEH KBTS £ FRE A BRE A T REE T

BERLE A IR AR IR, MIE RePAL FARRTE k2 (B (G 100k R BT 7).
B, fE 96 FLEFFRBCT N 100l JE & (100pg/mL R 8, 0.68%[% KH,PO4, pH6.8,
SOuUL MBI , KFLIRE 37°C, 400rpm 1§ F 30min 53T 04T MR4ESCHEH] 28 3)
s () R A W T, R R P G P A e SRR AR B R B A B S R R Bl
AP
5) BIRMIRE RgPAL AR (A Mg v Bl % 1) i 0d & A

UL 100pL AR PR (1) SR OMLBRR 3 HITICE. 37°CHRT 50°C A NI H 4h, IR A R
H AN VE Y BB B0 (4000rpm, 20min) #7 3R . HU 20pL FHEGRME LA, AR S
b 3) AU R RS AT, R SR R R A U AL AR B TR B S R
LARYAR
LR = BEHERTNEBRREIRT RePAL BHE /1

T S ] ot RARAR () T AT, CE AR R g e T AR BRI S R i 2 B
A4, @ P T R BRI A . BTN B AN DA AL S A 3R AR, JEXT A
R AR R FRIR AR AT RS 77, NRIA M B R AT 2k, 3E 70 5878 (A 22 4 B AT
N FTRNESS BB RARMR Variant#s, HEEM 74101 SQEIDNO.4 FizR, ks H
WE 1 AR,

ERA Variant#5 [1FEA FREATRENLIRAR, HRHE S0 Z B 10 % 126 52 I 12 3 2R
Bk, R BEATHRABRA U A A A 98, Wik ss Rk 2 .

S VY. BN AR KA SRR R &SI AR RgPAL I & O BE 5214
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Wk B RER IR B RN R R EBE (RgPAL) 5 Genbank Hfs e b CLRHE 1O T SRR A7
SR TR T HIHEAT FIPRVE LG 00T s RIS A O gt i, R Swiss-Model F0
PyMOL %5 Wb FHE {5 M AR 7Y RePAL #EAT RIVR RS, FIFH R &R 7+ R VIHAT 7%
B, MMM RgPAL MIfEAGIE AL S RME GO0, IF DX Lefr U E EE Bk B 1)
SFIRARTAER, MBI RgPAL BYEEEFR AR AL 1

&£ ERE Bt 3Ea B, SR H R B KA AT 55204 T RgPAL [RHE
FIE KA AL i L e A B T B A BRI B R W = B 2 B R P %) (SQEIDNO.2) [ K26,
Y64, F115, R177, K258, K345, R445, K676 NRALN SUHATHFIGRAT, FEHAL S A
GEARSCIE o AR I R FH St {51 — v %) 3 1 10 SR M KT 9 A SR R 3 A T BEAT RS I R 0
St — PG RE[R B RZ R SRR, RBAERIREG LR 3 Fios.
LG T BN E AR LA SRR S B AT RePAL R ETRE Mt

R RgPAL M dae t, FIA B AR A 0 Hr M (HotSpot Wizard F1 FireProt:
Design stable proteins) Z3HTH 4= BRI BR AR 2B RgPAL [ JEBR 751 H Tl 58 28 667 1
e BT B A RN R BRSNS (SEQIDNO.2) [WEIEMFIIHHT & M4, =AM AN
R101D, RIOIE, R101Q, TI23L, TI23V, EI24A, E124Q, H340D, H340V, E341A,
E343A, V344A, 1353D, L353H Ml R354M. 40l il 5E 51 Y751, fERLik, Jf
X AR L [ TR AL TR AR AT RS 9, A RIAN B SR B T i, BETTAT RAS A 5 M s gk
TEESHT.

I AS B A LA R H G SR D 1 i SRR S /), FORIRTR R A ALk 4
PR
SIS HEREHE—PREENEARER IS /1

I E IR S ] - Sk ] o B AR B P RAR AL A, HEAT PN B A BB A
RIHERAL, WEIAM, XAHN IR RIAEWRIT KRR B RARMRER, #HT
Hi a2, JFet— D R AREGE ). ks Rk S s,

LG RgPAL KRR E 11K BERIE

A AR 022 S0 B JFORE S A IS 2 A M KT BT K 7798, T KT I E.coliBL21(DE3)
2SI T T A ER A RICA IR A w], I F IR Bk SeE 5] rh & R B A AR
AR pET30a-RgPAL FIRARRRIZTAR D FEAMNBRZ SN, Tk H % PCR GiiE
J B R TR 5 BEAT SR R R A .

LA AT PR A TS AR R B 1 B s BE B PR M T SmL LB iR, LU 37°C.
220rpm W EEFR 16-18h, SRE DA% 2% (VIVYEFEEMT 250mL LB ¥:7=4 4, DL 37°C.
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220rpm B3 7% 2-3h. HAAEEE OD600 B 0.6-0.8 I, WAL N 0.5mM ] IPTG H-SE
Rk, AP ERERTER, RIEZMAHN 150rpm, 16°CRIRIE R IEFERARIL.
LRI /\: RgPAL KL FBIAE A Mol

EOUE SR - E AR RIAFEA (8000rpm. 4°C. 10min) , 20mLTris-HCI,
150mMNaCl Ml (pH7.5)Ea 4RI, VKIEE S PR 12000rpm, 30min &.OEE FiE,
B K AT T L P R R B B OB, FFL4% 0.22pum /K RIEHEILIE. R AKTA SERUEHT
4, AN NPTEYAN FIRE 0 & ST AT A, KM S 2o B S A B,
FIRAZAE Tris-HCI/NaCl (pH7.5)Z R 2, BFAE R (1 an 44 RgPAL, SRR 1150 Jl
44 N Variant# N9 ¥ 48 TR A2 SR A iR d B 264K )5 1) SDS-PAGE 45 R a1l 3 FiR .
SEHEF L AR RgPAL KRR E AR MR o1

i BRI RE S L, AT, BRI, B RS
RALAT BN BEE D)3 S I FABMIE 96 A, M XL RARMRE AT RIS EBRIEAT R 3, WA
0.5mM IPTG #HTHRS, REFH Ni i al R B MmE H, *ai)s R ST B =m0 .
1) FREBRFERE RgPAL K H R4k AT EE S 77

Bavg 715€ 3 (Active Unit, UD = S8R Lum P A EERR TS AL I BE 5

LU S RE 3L (Specific Activity » U/mg) : 4 mg BEE A WIBEE /) (LUFRIRRLETE)

e IR 7 v e E pHS.8 1) 100mM BIER N ZE MR AN pH6 [ S0mM MES ZZ i,
B 20mM L-ZRAEERNEY, ALK Soug/mL 4i1b 5 B 72 E FESR N Smin,
IRIELE 290nm (19T ' B 1078 fo 0 s e S AE BRI AL RE R 75 o, o SRR 1) s AN LY
R B A T 5 SR R LU 1 LU A AR B R BE ) (5B AETILLE) o RgPAL A AUEy
FOFER 4 FEASARAE pHB.8 F1 pH6 4% 11 N [RAH XTIV 70 45 o3 B an i 4 Fn & 5 s

B IR BEIE AR I BRIR EE IO A2 M Lowry J7v%, DAL 1 8 I A bn it
2) FRHARBEN RgPAL KX RAAE&H B E A BRI R B AL S RL

T 5 AT B TR 0 e R A B AT T B B I R b O AR A v

B & R AR VA, UK N 0.5mg/mL ) RgPAL BF/E MBS 58 48 (R /5 5
H 20mM L-KFRAMR, 100pg/mL A AERY 0.68% KHoPO, 1 (pH6.8) W7 (L
B, fE 37°C4AF NS 15min, MRIELE 290nm (1R FE KIS 40 I 52 5 o7 A i 1) PRI AEE TR
S, WEBNEE I R HE, THE L RePAL B4R 9K (AN BV /1, 45 R
WE 6 Bin. RN 15min N, RgPAL ¥FAEAY 3y S AR PR/ AR (I REME AR A2 i P EE R I
LR 7R
3) FEHEBRFEEE RegPAL R RBIENIEE R ek
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HU 0.5mg/mLRgPAL ¥4 AU F1 R AR (A Eg 45l B T 37°CHI S0°C/KI R i &0 E 4h,
B0(12000 rpm,  Smin)EFRAEWI, B EIEREATERE )0 5E .

HR A SEHE B L 1) AR BV 5 77, R DN 2R TR S PR A Ul R AR 73 I FE 37°CHH 50°C
M H 4h 5 HURARERIE 7). THE HE RgPAL B AR Y I LR AR AR X s, S5 AL anlel 8 A
9 Flr .
fiputet s
1) BARERRRHED RgPAL FEN R T HIEEMELLSR.

) FH SISt ) . A %) e 3 7 22 S ) Y 2L R e AR S R AL T EAT IR I, A 1000 R
AT IRIERAE T 3 DNEIE AR R R R, AT, JERETHARTE, K
AR AL S IR UEAS RS N TR A T AT, S B AR RUR TN R R RN T S 3T
Lb 315 2IAE X S 77, BRgs AR 1 Fios.

x1
RgPAL (SEQIDNO.2)Ff) 58 A 44 7% 1 i idke
Varianté 5 RgPAL (SEQ ID NO.2) | RA (%) RA (%) RA (%) | RA (%)
AANE A Ly S 2 pH6 | Trypsin,15min | 37°C.4h | 50°C,4h
1 K92E 102 105 103
2 QA488E 122 118 130 117
3 Q576E 108 113 115
4 Q488E/Q576E 133 126 137 110
5 K92E/Q488E/Q576E 135 131 151 128
e DU AR SR MM RePAL(SEQ ID NO2)KIESIE 18 100%, F FAR KRGS
55y A B AT BB 18 2 FL A IR AR AH XS BE3E JI(Relative activity, RA).
2) SRARMR Variant #5 IR R EEE G LS R -
FIF St i) — X RAZAK Variant#5 #HT S E 2GS KERRBHCE, BdHER

Ay, EAREL, BEFMERON, SR Variant#s BEE AAHLE, BARSE RIR 2 s,
x2
Variant#5 (SEQIDNO.4) ) 525 A4 i 1 fi vk
Vatiany | 7 Variant#s (SEQ ID NO 4y EL At RA(%) TRA("/}’) RA (%) | RA(%)
W25 pH6 gps.m’ 37°C,4h | 50°C.4h
min
6 189V 109 104 113
7 I89V/N444S 104 102 101
8 D513E 105 123 119 111
9 D513E/1654M 103 108 110
10 A13T/1127T/D513E 102 107
11 N18D 103 104
12 LI51Q 106 122 127 115
13 NISD/L151Q 105 120 121 110
14 L151Q/K231H 111 113 105
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15 LI51Q/K231Y 125 134 129 106

16 L151Q/K231Y/A623G 120 117 112 121

17 L151Q/H376R/A557V 121 118 115

18 L151Q/K231Y/H376R/A557V 107

19 N18D/I89V/I127T/L151Q/D513E 127 116 124 115

20 R77G 116 111 121 105

21 R77G/1654M 104 101 107

22 R77G/T279S/E4S8A 111 116

23 T28I/R77G/Q237E/N399S 101

24 R77G/I89V/L151Q/K231Y/T279S/D5 122 125 119 114
13E

25 M239T 139 129 118 123

26 M239T/T560S 118 109 113 108

27 R77G/IS9V/M239T 130 126 117 113

28 R77G/I89V/M239T/ES76A 115 121 105

29 M239T/E542G 120 123 114 106

30 L151Q/M239T/A557V 111 107 102

31 Q237E/A636V 118

32 Q237R/E542G/E606V 123 105

33 S29G/S145N/T279S 108 108

34 R77G/I89V/L151Q/Q237E/M239T/D5 | 129 124 121 112
13E

35 T3421 130 129 131 116

36 1184V/T3421 133 122 126 108

37 1184V/T3421/S592G 123 115 102

38 I189V/L151Q/Q237E/T3421 121 131 127 106

39 K231Y/T3421 114 120 123 109

40 T3421/E544G 119 110 106

41 M239T/T3421 158 133 136 150

42 189V/M239T/T3421 131 126 130 135

43 T169A/M239T/T3421 135 118 126 103

44 T275P/M239T/T3421 122 119 130 122

45 T169A/T275P/M239T/T3421 154 150 138 115

46 R77G/T169A/M239T/T3421 129 125 119 108

47 189V/L151Q/M239T/T342I 140 112 124 107

43 T169A/T275P/M239T/T3421/D513E 179 159 129 115

49 R77G/T169A/M239T/T3421/D513E 136 119 126 117

50 R77G/L151Q/T169A/M239T/T3421/D 124 119 128 111
S13E

51 R77G/I89V/L151Q/T169A/Q237R/M2 | 150 129 112 105
39T/T275P/T3421/D513E

e DA RN EIRIA RN RgPAL(SEQ ID NO)MIEHE /1N 100%, ¥ 2A 1R IEEE /)
55 B A R AT LU AT 3 A AR AR A X B 35 77 (Relative activity, RA).
3) RgPAL & RRIRAE R HEGREMILLE R :

N TR AR N S B R 2B RePAL IR BRI 5204, R FH S it 5] DY o) i 2 7Y
RNETRAFZNF RgPAL (SEQ ID NO.2)RHE /- B IERL AL i BEAT 58yl AN R AR L R AR AR S
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R TRIER G, B PWHERDY, EARE Gk, BEEROVERIEE . JF
554 R RgPAL [AERWE /1t i bhde, FUREE BNk 3 Fios.
%3

&Y
/]

RgPAL (SEQIDNO.2)I1) 585 44376 14 i e

. 55 RgPAL (SEQIDNO.2)AgLL |- RACe) | RA(%) | RA(%) | RA(%)

Variant? | i pH6 Typsin, | 35004 | 50°C.4h
15min

52 K26A 108 122 156 140
53 K26P 111 110 143 128
54 Y64S 131 170 188 159
55 Y64H 129 208 190 166
56 RI177M 109 104 15 108
57 R445A 116 119 108 100
58 K676S 97 72 101 109
59 YG64S/R445A 167 200 195 180
60 K26P/R177M 131 216 199 175
61 K26P/Y64S 122 198 183 180
62 Y64H/R177M 136 226 200 196
63 K26A/Y64S/R177M 153 265 210 206
64 K26A/Y64H/R445A 146 233 193 200
65 K26A/Y64H/R17TM/R445A 114 123 118 125
66 K26P/Y64S/R17TM/R445A 123 128 108 110

AR KNRRAEN RgPAL(SEQ ID NO.2)MIBHT 11N 100%, # FA IR 71
5B AR T AT LU AT B FAR R AR AR AR X G VS 71 (Relative activity, RA).
4) RgPAL & R RZE KA EGRBIREL R
NT R A TR R R AR = RS RegPAL HaiR e, R SLitif] 7L RgPAL (SEQ 1D
NO.2)BEAT AL R 8 MR S & R, WM EaRL G554, B
Pri3 2IEE 77, I 5HF 4TS RgPAL MBETE AT LR, BARSE R AR 4 iR
*® 4

RgPAL (SEQIDNO.2)f 928 1A i 4 i ik
Vartang | 3 REPAL (SEQIDNO2)ALL 7 | RACS) TRA(O/,") RA (%) | RA(%)
Spz R pH6 g’ps.lm 37°C,4h | 50°C4h
min
67 R101Q 98 105 91 86
68 E124A 104 118 91 179
69 E124Q 107 101 97 150
70 H340D 138 122 127 100
71 H340V 134 119 119 142
72 E341A 133 123 103
73 V344A 125 116 116
74 H340V/E341A/V344A 143 139 116
75 E124A/H340D/E341A/V344A 98 108 101
76 E124A/H340V/E341A/V344A 133 125 145 124
77 E124Q/H340D/E341A/V344A 105 102 104
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78 | E124Q/H340V/E341A/V344A | 135 | 121 | 139 |
A DA RSB E BT RePAL(SEQ ID NO)KIEGIE 1N 100%, 53R IESE )

5 B AT UG B FAD SR AR AR R X VS J1(Relative activity, RA).
5) HEFARFHELER:

xS
RgPAL (SEQIDNO.2)f 928 1A i 4 i ik

Varianth ';5 RgPAL (SEQIDNO.2) 4 kb RA() TRA(O/,") RA (%) RA(%)

AWz pH6 IYPSIL | 397 4h | 50°C, 4h

15min

79 K26A/V344A 180 186 160 119
80 K26P/V344A 175 160 156 126
81 Y64S/H340D 237 240 256 190
82 Y64H/H340D 258 207 286 212
83 Y64S/H340V 200 200 231 177
84 Y64H/H340V 200 260 231 186
85 K26A/Y64H/H340D 192 200 210 201
86 K26A/Y64H/H340V 188 176 190 200
87 K26A/Y64H/H341A 167 180 177 156
88 K26A/Y64H/V344A 159 173 155 155
89 K26A/Y64H/R177M/H340D 185 190 163 150
90 K26A/Y64H/R177M/H340V 200 209 188 166
o1 4KO2\6/A/Y64H/E124A/R177M/H3 166 157 150 0

K26A/Y64H/E124A/R177M/H3
92 AOVIVILAA 159 170 139 123
93 Y 64H/H340D/Q488E/Q576E 169 183 168 149
94 Y 64H/H340V/Q488E/Q576E 178 154 150 136
95 Y64H/T169A/M239T/H340D 194 200 188 158
06 4KS2§A/Y64H/T1 69A/M239T/R4 94 575 509 70
o7 K26A/Y64H/T169A/R177M/M 129

239T/H340D
o8 K26A/Y64H/T169A/M239T/H3 15

40D/R445A

e DAB AR BY ST B R 58T RgPAL(SEQ ID NO2)WESIE /1N 100%, K AR [\ BEIE /)
5557 AR R R AT P ARAG B At SRR AR (1A X g 15 T (Relative activity, RA).
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WFIERP

1. — PR R RGN, TR AR EAT A RN R a1, HERr e 3R
H TR RAR PR A A M 5 T B AR RO P R M AT 1, BB L RIS W SR B g
(¥ RguE M LA 500 TR B /K AR I 52 1, AEPRRYE pH & T BB S A EE, 3 T
il i TR 52

2. WORLFIER 1 PR BN E AR M T A, HAFHEFE T, Tk R R I s B R
FIE7E SEQ ID NO.2 Fin R ERTFIEm [, 75 K92, Q488, Q576 fifiZE A —AMu i
MEERKAERE, B8 IR R R 2 R R IR S IR 75 B TR R AR R AR 2
FRIFEFIHR TR A i, H'5 SEQ ID NO.2 &> 85%. 86%. 87%. 88%. 89%. 90%.
91%- 92%- 93%- 94%. 95%-. 96%-. 97%. 98%. 99%IXFE % ¥ 5| [H-— MM E L ER 5 1
IR e R R R B T e Y B

BARIE, PR KN BRI 2 B R R AFEN T SEQ ID NO.2 Fn @ &M, R
WRAL 848 K92E, Q488E, Q576E H ) Fhul P el =Fh 4l &,

TR, X RT SEQ ID NO.2 FiRa iRy 4, FFEQ RO R iR : 5 92 i
MRRABAREIR: 5 488 MAAMMERENTER: 5B 576 MHEAMERERNTER: B
488 f1 R ML A N R IR, BAE 576 A EBIE R B NAEIR: 5 92 MIfEiR I Ny
2R, B AN AR NG, HE 576 B 2B R N IR

3. WIRLAIESK 1 Pk RN R IR R A M SRR, HAFIEAE T, I R R A LR P
Y)JTE SEQ ID NO.4 [EAl |-, 7E A13, NI8, T28, S29, R77, 189, 1127, S145, LI151,
T169, 1184, K231, Q237, M239, T275, T279, T342, H376, S$379, N399, N444, D513,
ES42, ES544, AS557, T560, S592, E606, A623, 1624, A636, 1654 £ (& >—AhrE [
FHRR R TR B ITIA IR T SRR A M S AR B B R 41 B I R AR AR ) 2 B TR
FESIH I FTIR R4 A, H5 SEQ ID NO.4 7758/ 85%. 86%. 87%- 88%. 89%. 90%.
91%-+ 92%- 93%- 94%. 95%-+ 96%- 97%-. 98%- 99%IL T £ J¥ 51| [7]— Mk R IE TR 17 41 1
RN B A R R AR B D RE B

AL, PR RN R E M R AR IEXN M T SEQ ID NO4 i@ M o, f7fE
TR AR AS . AI3T, NISD, T281, S29G, R77G, I89V, I127T, S145N, LI151Q,
T169A, 1184V, K231H, K231Y, Q237R, Q237E, M239T, T275P, T279S, T342I,
H376R, S379G, N399S, N444S, E488A, DS5SI3E, E542G, E544G, A557V, T560S,
E576A, S592G, E606V, A623G, 1624V, A636V, 1654M ol By fp ol = Ff ol U Ff L)
A
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BRI, XINT SEQ ID NO.4, fEEW MLmRE: 3 89 (LR ua R R E AHE
T2: % 89 i ERRASNMERR, HE 444 [ RABERA NLETR: B 513 M RAR
BRRADNBRIR: 3 S13 M RXDRRLNARAIR, B 654 i e R R NP iRz R
F B3 UAERRENBER, F 127 MrRE8RRLATER, HE 513 R RRAL
NEEBL: 5 18 M ARAMIERL NRARER; B 151 B8 REL NS ENL; 28 184K
AW R RRARIR, HE 151 &R AN AW 5 151 fnamBRR L N 2l
B, HEE 231 A s RN MR 56 151 o a7 N A & Be %, H 2B 231 s R
RALNBERR: 5 151 MmN AL, 5 231 ffiaR R AEEIR, HEE 623
N R AT EIR: 3 151 MR R AT EAMmNE, 8 376 M AR R B NEAR,
HH 557 M NRRR L NMAR: 5 151 MR B R RD NSRBI, 5 231 faRRR LN
R, 5 376 MARMRA BRI, HFE 557 MARMELNPE: 5B 18 ir RAW
fe RABRNREER, % 89 MR RRRILRNIEAR, & 127 MRrRaRREANER, F
151 fL e PR AR RN, H28 SI3 A RAEAMRTABRER: B 77 A RBER R N H
2 B TTAERERREAHER, HE 654 MR RERRENFmER: & 77 VEER
RABRNHERR, 5 279 MBERRERNLEIR, HEE 488 M B ERRLANEAR: 5 28 fu
DAMRRL TR, 2B 77 MEERR TN ERR, £ 237 MAEARIKFRE AR AR,
H 399 hi RAMIG R L TR 3 17 MREERELNHER, F 9N FRERREN
HER, F 151 MREBRREBNBTRABIE, 5F 231 MER B AEERIR, 58 279 (i aAR
RN ZIE, BE 513 MRATRRLNGEER: 5 239 U FMARREANRAR: F
239 AL FEBR RN =R, HEE 560 L p MR L NLEARR: £ 77 MEEARFE N
TR, 5 89N R EMRA NGER, HE 239 FRERELNTER: 5 77 EERE
BRHER, 2 89 i R IRIFLNMER, 5 239 f FMEAMRAL AR, HE 576
M BEIRRLANER: 3 239 i FREARRLATERE, HFE 542 N BARRELAHEE:
5151 M oed RN AW, 5 239 AL FMERMRR T NHERR, B 557 MNERRE
NENERR: 3 237 A RBRR L NG TR, HE 636 MNEMRLNMER; H 237 VH
TR RAZ NG 2IR, 5 542 2R R N H 2R, HE 606 M B AR NG 5
29 (i 22 IR RN H IR, 3 145 M 22 MR R AT, HEE 279 M 7 &R KL N 22 5
FRs 28 77 AR R AT AR, 3 89 Mm@ MR NMEARL, 151 fem RN
BREBNL, 5 237 MARBIEELANRER, 239 M HRERRLTANER, H2E 513140
KRAMRRBNB R 3 342 MBRARRB N 2R B 184 h R R R AW

kY

SRR B 184 ML R E IR R NBEIR, B 342 A EIRR R

"/

/

%

I
<55

fm
B
£
=
S
g
RSN
o
K
oF
il

g
s
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NRreaEBg, BB 592 s RREAHER: # 89 MimiaRREAMEIR, 5 151 ff
RRMRA RN TSN, 3B 237 MAERMK R EARER, HE 342 NI ERREANR LR
B 5 231 MR R ATEER, A 342 R AN R R 5 342 IR S
BAREAR, HE 544 MBRMRREANHER: H 239 MFREBRREANTTEAR, HE
342 MLV EIR RN R TR: 2B 89 MR AR NI ERR, 239 A HIRZ B R A )
2R, H¥ 32 NI RARRBAR AR #1699 M ARREANNER, 2 239 L HRER
BRI R II R, HEE 342 MR N F AR B 275 MR EARRENHER, 3B
239 [ FIRE M L RTRENR, HE 342 MR EB R AR TEAR: B 169 NI EBRLN
HEBR, 5 275 M E R R ANERE, 5 239 it B e B2 AR afE, H28 342 f1 05
RRALNRLERR: 5 77 MEERRELANTER, #F 169 M AMRRLNNER, F 239
fr IR ZRR AN IR, HEE 342 MR RAMRRAB N iR 5B 89 i F v m iR R A N
TR, B 151 R EMBRT AN ER, 239 i BERE MR AT R, HE 342 i TRa
FRRA N R 5 169 MR a R ANEIR, 3 275 MAARMRRELNHERR, 5 239
MBI R LN ER, 32 M RMRELANR AR, HFE 513 M RAERRL AR
TR B 77 MRBERRTERAHER, 169 AR ANER, 5 239 i FREMRR
ORNIVEIR, 25 342 M ERR B AT AR, BH 513 M RAHMRLNGEAR: 28 77
PAFERTRALATER, 3 151 MR ERREAT AW, 169 M 2R RALNH AR,
5 239 AR AT, 5B 342 P Ipad IR N T a R, HEE 513 A RA 2R
BRAREIR: 2B 77 MEERFEEAH R, F 89 T BB NHER, 5 151 MRE
FRRA N, 5 169 MG ARREANAR, ¥ 237 MAEABIERZ NEER, B
239 AL AR TR B ATRIR, 3 275 MR AR, 5 342 M ERR LN R
AR, HE SI1I3MRERARR LN -

4. WIALRIZESK 1 Pk Kl AR M A R, HAMEE T, Ik R 2 E 7
YA SEQ ID NO.2 Fi &M FEH 19Fml L, 7 K26, Y64, R177, R445, K676 i
MM BNRERKERE: 8 TR RN R 20 RN EERT IR AR K
A AR R IE IR B Th R TR 2278 4 55, H5 SEQ ID NO.2 HE D 85%. 86%-. 87%-. 88%-
89%. 90%-. 91%-. 92%. 93%. 94%. 95%. 96%. 97%. 98%. 99%Ik 5 £ F¢ 4[5 — £ 1)
LEEBR P AR R R A 2 B R AR R Bl Dy e v X

TARIERL, PRl R R IR AR =T B R EFE X T SEQ ID NO.2 s & ZEMITH, TRt
WIRAL S FEAE . K26A, K26P, Y64S, Y64H, R177M, R445A, K676S Hfy—fhal i i
B =AU R BL E R A
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FEAREHL, XIMNT SEQ ID NO.2, fFEWI NLAIRES: 3 26 (it BR R AN 2R ;
526 MR R AL AMEIR: 3 64 MMERRLANLER: F 64 MERRAL NHER;
F 77 MR RN FIRER: 5 445 MR IR ER: 38 676 M m R B AL
TR B 64 NIRRT ANLEAN, HE 45 MFBERRETARNRR: $ 26 MBEk R
NHERR, B3 177 AR ANTHRER: 5 26 MFEMRRL N, B3 64 Al
RIRTRAANLETTR: 5 o4 NERMRRLAHER, HE 177 MBERRLATmEN: 3
26 MBIz R AN AR, B 64 NIRRT NLZM, B 177 MR EE NI
B8 28 26 MR EIG RANEARR, B 64 BRI R NHEIR, HIEF 445 MR RN
WER: 26 AR TNAER, 5 64 MEEMRT NHER, F 177 MEEREAE
NHWER, HE 45 MHEERRENNER: 5 26 VAR L NHER, F 64 AilKE
BRRALNLLEIR, 5 177 AR R N PmEAN, HE 445 MR R RN AR .

5. WIRCHIESKR 1 Ik oK T 2 R AR B R AR i, HURFIEAE T, TR RAS I 2 28 7 41
FETE SEQ ID NO.2 Fin& R PR L, 78 R101, E124, H340, E341, V344
oMM BEBRERKERE: BE IR RN R R 2N R BIRNRER IR AR K
AR BERF I PTR RN A, HS SEQ ID NO2 HE 85%. 86%. 87%. 88%-
89%. 90%. 91%-+ 92%-. 93%. 94%. 95%. 96%. 97%. 98%. 99%IKHE £ ¢ 4[5 — % 1]
R G RSN A TERE A UNE RSP YA E &

FEREHL, FTIAK T2 R A 2 W SR R 5 T SEQ ID NO.2 iR & B Py, 718
W R A S 9RAE: R101Q, E124A, E124Q, H340D, H340V, E341A, V344A ) —fhak
PR =Rl A A E B2

THARM, XM T SEQ ID NO.2 iR & IERRIT S, FAEW M R4 5 101 AR
BRRADND 2B NZ: 5 124 MBRARRBANRAIR: 5 124 MBRARRBABDWN: 3
340 M HBAMRRLRNREZE: 5 340 MHBARRBABER: F 341 MBARRLRNNE
BR: 5 344 fIEIE R R NHERR; 2 340 MM R NHERR, 5 341 NEEBRT A
WERR, H% 344 MEIEMRENNER: F 124 MAERBLNNER, 5 340 [ HERR
RAZNRAZIR, 3B 341 MBRIRRLNNEIR, B3 344 M4z iR NARAIR: 5 124
MBRRRBEANEIR, 2F 340 MHATRREBAGZTR, 5 341 NH AR REBEANZRE, H
5 344 M E IR R NNAR: 124 MBERREAREMNE, 3 340 fHARRREZ AR
LB, B3I NBRRFRTANEAR, HIH 344 MARRFTEANNER; F 124 MHERR

FALNBEBNG, 5 340 frAl s BN, 5 341 M RRIANHER, HE 344
=
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6. WIRFIER 1| IR AN EAMB AR LA, HIFEET, MRARBEINAERFT
H&AE SEQ ID NO.2 i@ IEMFEFIRIFRL I, 7F K26, Y64, E124, T169, R177, M239,
H340, H341, V344, R445, Q488, Q576 Az /bi AN Bk A2 B R 5LF iR
RN R RN TR S B T A A Bk A AR I A B T R TR R A A s, H
5 SEQ ID NO.2 A&/ 85%. 86%-. 87%. 88%-. 89%. 90%. 91%. 92%. 93%. 94%.
95%-+ 96%-~ 97%- 98%- 99%EL T £ /7 F1| [A]— M TR T F11 R 2R PO U R A U I O AL A4 B
HIUIRe B

LR, PTIR K R 2 B R S X VT SEQ ID NO.2, fEFE M ™AL s RAL
K26A, K26P, Y64S, Y64H, E124A, TI169A, R177M, M239T, H340D, H340V, H341A,
V344A, R445A, Q488E Fl Q576E H[K—FPul il Fal = Fhul JYFH LA F1RIZH &

FHAER, XNT SEQ ID NO.2, fFIEU N mIZ7E: 5 26 A s Rz NA AR,
B2 344 M AR R ANEIR: 5 26 MBARRLNMERR, HEE 344 AR REA
WEER: o 64 MIRERRL NLER, B 340 MHERRELNRKELAER; & 64 MEREAR
RARMHERR, HEE 340 MHARTREARLAR: H 64 MARRLNLZEAR, HH 340
M HTR R RNBETR: 2 64 MEBARKLNAER, BFE 340 M HEAM KRB
526 FAR R L NNERR, £ 64 MEEMRRL NHERR, HZE 340 fHAMRR LKL
AMR; 26 MHMERRENNER, H 64 MREMRTNHEAR, HFE 340 M HERRE
NERER; 526 NIRRT TNAER, F 64 MR NARTER, HIEE 341 4dm R
RALRNERR: 5 26 NHARRKLRANER, F 64 MBEARRLRNHEIR, HIEE 344 fi 4
RARRLRNNER: 3 26 MHARRLNNERR, F o4 MR RTANHER, 5 1777
MREMRLNFWER, HE 340 MAHARMRENRLAER: 26 MHERREANER,
5% 64 MrBRZ IR RN IR, B 177 MRBERRLNTREAR, HEE 340 A RN
BER; 526 NMIRBRRFTANNER, F o4 MEBARRTNHER, 5 124 NBERRAE
NN, 2177 AR RN T IERR, H2E 340 AR AGETR: 5F 26 (it
RAMTLNNER, F 64 MBERRTNHER, H 124 MAAMRBRLTNNER, F 177
PRERIR RN TR, 55 340 AR TR ANGEIE, HIE 344 Mzl RN A MR
% 64 (IR R NHEIR, F 340 MAHARRRLANRELER, F 488 MBETBIKRER
BEMR, B 576 MAREMIKREAREIR: F 64 MMAMRL NHERR, 5 340 frHR
FRIALNGETR, 5 488 M BME KL NN ER, HE 576 MARBK KL AR B
64 Fr R 2 ER AL N TR, B 169 M IR MR AN AN, 5 239 7 PR 2 MR AL N 75 2R
BB 340 MTAHAMRR L NRAERR: 3 26 MHERRLNNER, F o4 MREAMRRL A
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IR, 169 M AME L ANERR, F 239 M FE MR L AR, I 445 Mg
RANNEIR: 5 26 MHERRENNER, B 64 MMERRENHEIR, # 169 75 R
MRRALNTNEIR, 3B 177 MR R RN TR, 56 239 A PR RN EE, HE
340 A AMBRBARLRAR: 3 26 AR REZANER, F 64 NRMEAMRRENHER,
9169 M AMRR AR NNERR, 5 239 M HRER R NI EmR, 55 340 AR NK
KRR, H 445 MHERRENNER.

7o WIRCRIEER 12 6 AT —T0UYT IR A A TR S R A U R AR R R R R

8. RIRUIAUHZER 1 2 6 A& TR RN Z IR 2 M AL PR E D TR i, s
FITIR R A SR i 2 i 28 R AR I i e (R s Bl fdcithy, TR 2 DR T2 B 2 P T 256 (R 1 i
AR EAREEMER, HIANEORERE TR PEIINEAR R, ki, rRdkERERE
FENKIATE, HEREMBILE Ecoli BL2I(DE3); ARk # AN pET-30a(+).

9. WIRHER 1 & 6 AT TR R R M 2 RAR MR B &7, ARG 7R A
TIOR8 PR IR AR TR, FL ARk G 00 T IR 24K T e R e e Bl 2R R AR R AL 1) 2D R

TR, BT IR 4% 7 V10 0 5 MBS % 1Y) 78 2H F 0k 1 bk PR 23 2R T R AR R 58 A 4
MR HLORHL, W PTak s 7% 5 10 B 40 bR PR R AT 88 75 SR, ISCER Gl e e Ji ) 3R Ik B3
PRk EES AR NERMEARERENED, H N BaBmED, @ sk
MR S BB M A5 B 20 A m R 2R T R AR R R AR H I

10. TIAURIESR 128 6 AF—TRUTIA B8 T 2 MR it B g AR AR AE L A L-2R T 2R H
SRS, Rl 2 5R0M0 5N BT A s i) Vo S EE R A A

T PR EBR BT, AHREWARER 1 2 6 £ IR 2R & Bk 2 B R
RS RNERIEE, SITMHAGREERA, Bk, Frid i RS 25-40°C, ik
25°C; ki, PR i S Mk R ORI IR AR ALy 20mM. fLiktt, I fE 4k S ik &
) pH A 6-9, iy pH7-8.8; Uik, FridMEILIk RAENMGE pH 385G N A EAR
e

12 WIAURIESKR 12 6 AT — T IR B4R A R AP g TR AR (AR M) Ve 97 AR T R PR AE BT
1 R 25 R



PCT/CN2023/087182

WO 2024/032012

3
A

Wi :

Rk RA
Rl 5 B Rk
R (iR kel

5
s

o iy
s
-
:

96 L4 BB Ve FENy K.
AN ) Witk HhLS
& RN S Ntk
R it
i &

1/3



PCT/CN2023/087182

WO 2024/032012

U

U

Y

U

iy,

U

pHS.8

U

U

U

V7

\\\\\\\\\\\\\\\\\\\\\\\\\\\

= =R
o0 o
Lo o B o 1

?\L ANAnaL SANERY

L5
Awm&
“,
& %
%,
%,
PR
%,
e&v
Ve
%, 1
%,
£ o
x ’ 7
»,
7,
< %
%, T <
%,
& %
'/,
£ ” 7
“
o
& e
%, 1
G
£ N
%&9 7
(M
%,
S, A

V7 /77 /7 /7

v,

i

Wit

V.

Ui

Ui

U

Wi

U

V.

208
180
160

(54} &anoe aaney

A

% 2 Y
S, M@@ Y,
A ‘..N@ I,
\wﬂ&w,@ Y,
. &f. I
«@&w\ M I
@&» Kl % w V.
,w.,w&\,\»q & I
%, .M\w ', Y,
@&»@@ Y
4 x«@ Y
v&@& I
-

(95) ANMAT)IE 2ATIE]Y

2/3



PCT/CN2023/087182

WO 2024/032012

¥ay
Yas

ofier

__L,\i__.

e Varfant $5%
—— - VYarignt §64

o R g?}'@ !\

—8—  Varizut 854

A“\‘&w

Yariant #H4.

~Se Wariant #H1

¥ariant #5855

i

ry

itﬁ r

Tiwe {min}

Kl 7

37°C

VA -

V7777777777
V
V7
V /777777777
Y
V////7///7/7//7/7//7/7//7/7/7/

V7

V /7@

V /7
v/ /7
V7
V /7777

V 7/ Z/Z

350

300

1]

> = = [~ =
Ig] o) I =] £
(3] (3] - v

(%4} AN 2ANEPY

7
7
I

7
NI
% e, 7

U

m@&@w M
& %,

&M&Wo . I

@%ﬁw U

7 %, I
v, _ : —

U

0 0 ﬂ_ 0
g =] el
Rl i

(%} A1AandE 2aney

250
200

U] -

Kl 9

3/3



INTERNATIONAL SEARCH REPORT International application No.
PCT/CN2023/087182

A. CLASSIFICATION OF SUBJECT MATTER

C12N 9/88(2006.01)i; CI12N 15/05(2006.01)i; C12N 1/21(2006.01)i; C12P 13/00(2006.01)i; A61P 3/00(2006.01)i;
C12R 1/19(2006.01)n

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

IPC: C12N, C12P, A61P, C12R

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

CNTXT, DWPL USTXT, EPTXT, WOTXT , ENTXT, CNKI, 73 /7%{3& %, WANFANG DATABASE, WEB OF SCIENCE,
PUBMED: JERZRFEEZEE, NRIZRNERE, 2248, 44k, 92, AR, JEAEIRIE, Phenylalanine ammonia lyase, PAL,
mutate, mutant, cinnamic acid, phenylketonuria; GenBank+EMBL+7 E EF ] E£9) T 78 R XSEQ ID NO: 2HIFFR:
Z, GenBank+EMBL+China Patent Biological Sequence Search System: search for SEQ ID NO: 2.

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

A CN 106133144 A (JAPAN SCIENCE AND TECHNOLOGY AGENCY) 16 November 2016 1-2, 6-12 (all in part)
(2016-11-16)
see claims 1-9, sequence 2, description, paragraph 102

A CN 102753566 A (BIOMARIN PHARMACEUTICIAL INC.) 24 October 2012 (2012-10-24) | 1-2, 6-12 (all in part)
see claim 1-75

A WO 2020013951 Al (CODEXIS, INC.) 16 January 2020 (2020-01-16) 1-2, 6-12 (all in part)
see claims 1-43

A FLPIM %5 (WEL Xiyu et al.). "HYEBIT 5 Anabaena variabilis BRI 75 TR 2B % 1-2, 6-12 (all in part)

SRR AL TG (Semi-rational Design Improves the Catalytic Activity of Phenylalanine
Ammonia Lyase from Anabaena variabilis)"
ZIEZIR (Acta Pharmaceutica Sinica), 11 July 2022 (2022-07-11),

pages 3669-3674, see abstract

Further documents are listed in the continuation of Box C. See patent family annex.

*  Special categories of cited documents: “T” later document published after the international filing date or priority

«A” document defining the general state of the art which is not considered date and not in conflict with the application but cited to understand the
to be of particular relevance principle or theory underlying the invention

“D” document cited by the applicant in the international application “X” document of particular relevance; the claimed invention cannot be

“g» earlier application or patent but published on or after the international considered novel or cannot be considered to involve an inventive step
filing date when the document is taken alone

“L” document which may throw doubts on priority claim(s) or which is “Y> document of particular relevance; the claimed invention cannot be
cited to establish the publication date of another citation or other considered to involve an inventive step when the document is
special reason (as specified) combined with one or more other such documents, such combination

“0” document referring to an oral disclosure, use, exhibition or other being obvious to a person skilled in the art
means “&” document member of the same patent family

«p>” document published prior to the international filing date but later than
the priority date claimed

Date of the actual completion of the international search Date of mailing of the international search report

05 July 2023 16 July 2023

Name and mailing address of the [SA/CN Authorized officer

China National Intellectual Property Administration (ISA/
CN)

China No. 6, Xitucheng Road, Jimenqiao, Haidian District,
Beijing 100088

Telephone No.
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C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category*

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

Zachary JS Mays et al. "Directed Evolution of Anabaena variabilis Phenylalanine Ammonia-
Lyase (PAL) Identifies Mutants with Enhanced Activities"
Chem Commun (Camb), 14 May 2020 (2020-05-14),

pages 5255-5258, see abstract

1-2, 6-12 (all in part)
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Box No. I Nucleotide and/or amino acid sequence(s) (Continuation of item 1.c of the first sheet)

1. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the international search was
carried out on the basis of a sequence listing:

a. forming part of the international application as filed.
b. D furnished subsequent to the international filing date for the purposes of international search (Rule 13zer.1(a)),

D accompanied by a statement to the effect that the sequence listing does not go beyond the disclosure in the international
application as filed.

2. D With regard to any nucleotide and/or amino acid sequence disclosed in the international application, this report has been
established to the extent that a meaningful search could be carried out without a WIPO Standard ST.26 compliant sequence
listing.

3. Additional comments:

Form PCT/ISA/210 (continuation of first sheet) (July 2022)
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Box No. III Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

Inventions 1-3: claims 1-2 and 6-12 (all in part) relate to phenylalanine ammonia lyase mutants and related subject
matter thereof, wherein amino acid sequences of the phenylalanine ammonia lyase mutants have amino acid
mutations at sites K92, Q488 and Q576 respectively on the basis of the amino acid sequence shown in SEQ ID NO:
2.

Inventions 4-35: claims 3 and 6-12 (all in part) relate to phenylalanine ammonia lyase mutants and related subject
matter thereof, wherein amino acid sequences of the phenylalanine ammonia lyase mutants have amino acid
mutations at sites A13, N18, T28, S29, R77, 189, 1127, S145, L151, T169, 1184, K231, Q237, M239, T275,
T279, T342, H376, S379, N399, N444, D513, E542, E544, A557, T560, 592, E606, A623, 1624, A636 and 1654
respectively on the basis of the amino acid sequence shown in SEQ ID NO: 4.

Inventions 36-40: claims 4 and 6-12 (all in part) relate to phenylalanine ammonia lyase mutants and related subject
matter thereof, wherein amino acid sequences of the phenylalanine ammonia lyase mutants have amino acid
mutations at sites K26, Y64, R177, R445 and K676 respectively on the basis of the amino acid sequence shown in
SEQ ID NO: 2.

Inventions 41-45: claims 5-12 (all in part) relate to phenylalanine ammonia lyase mutants and related subject matter
thereof, wherein amino acid sequences of the phenylalanine ammonia lyase mutants have amino acid mutations at
sites R101, E124, H340, E341 and V344 respectively on the basis of the amino acid sequence shown in SEQ ID NO:
2.

According to paragraph 0016 and table 1 of the description of the present application, the ammonia lyase mutant
shown in SEQ ID NO: 4 is a mutant obtained by mutation at the following sites: K92E, Q488E and Q576E on the
basis of the amino acid sequence shown in SEQ ID NO. 2. It can be seen that the common technical feature among
the 45 inventions is: a mutant of a wild type phenylalanine ammonia lyase shown in SEQ ID NO: 2; however,

the prior art (see CN 106133144 A, 16 November 2016, see claims 1-9 and SEQ ID NO: 2) discloses deletion,
substitution, insertion or addition of a protein, which is formed by amino acid sequences of one or more amino acids
and has phenylalanine ammonia lyase activity, in the amino acid sequence shown in SEQ IN NO: 2 of the present
invention. It can be seen that the same technical feature among the 45 inventions is also disclosed in the prior art, and
cannot be used as a special technical feature (i.e. a feature defining a contribution which the inventions make over
the prior art). Therefore, inventions 1-45 do not have a same or corresponding special technical feature, do not fall
within a single general inventive concept, lack unity of invention, and do not comply with PCT Rule 13.1.
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Box No. III Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

1. D As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. D As all searchable claims could be searched without effort justifying additional fees, this Authority did not invite payment
of additional fees.

3. D As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. || Norequired additional search fees were timely paid by the applicant. Consequently, this international search report is restricted
q yp y pp q y P
to the invention first mentioned in the claims; it is covered by claims Nos.: 1-2 and 6-12 (all the subject matter which
relates to mutation site K92)

Remark on Protest D The additional search fees were accompanied by the applicant’s protest and, where applicable, the
payment of a protest fee.

D The additional search fees were accompanied by the applicant’s protest but the applicable protest fee
was not paid within the time limit specified in the invitation.

D No protest accompanied the payment of additional search fees.
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