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Advances in the application of yeast surface display
technology
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Abstract: Yeast surface display (YSD) is a technology that fuses the exogenous target protein
gene sequence with a specific vector gene sequence, followed by introduction into yeast cells.
Subsequently, the target protein is expressed and localized on the yeast cell surface by using the
intracellular protein transport mechanism of yeast cells, whereas the most widely used YSD
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system is the a-agglutinin expression system. Yeast cells possess the eukaryotic post-translational
modification mechanism, which helps the target protein fold correctly. This mechanism could be
used to display various eukaryotic proteins, including antibodies, receptors, enzymes, and
antigenic peptides. YSD has become a powerful protein engineering tool in biotechnology and
biomedicine, and has been used to improve a broad range of protein properties including affinity,
specificity, enzymatic function, and stability. This review summarized recent advances in the
application of YSD technology from the aspects of library construction and screening, antibody
engineering, protein engineering, enzyme engineering and vaccine development.

Keywords: yeast surface display technology; library construction; antibody engineering;
protein engineering; enzyme engineering; oral vaccine
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i 5 PR (US Food and Drug Administration,
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FEFAL Agal, WEKHMEAYS Agal I
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SER SR, AR IME S A BB RE
2453 (flocculation functional domain, FFD) ., f#
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Table 1  Yeast surface display systems

Yeast strain Anchor Promoter Target protein Construction strategy
S cerevisiae SEDI or SEDI BGL and The target protein was anchored on S cerevisiae through SED1p and
BY4741 SAGI1 EG SAGIp, both were C-terminal domain of a-agglutinin'®!
S cerevisiae CCW12 or GALl or Xylose The target gene GRE3 was fused with two parts of the CCW12 gene,
BY4741 PIR4 PHOS5 reductase and linked with dextran through its N-terminal™
VMY4567
S cerevisiae SAGI1 or TDH3or BGL and The target gene was integrated into the HIS3 locus of the
BY4741 SEDI SEDI EGII S cerevisiae genome™
S cerevisiae Flo428 PGK1 ZZ domain The a-factor signal peptide was fused to the N-terminal of the ZZ
BY4741 protein, while Flo428 fused to the C-terminall®
S cerevisiae a-agglutinin GAPor  Nanobody The anchor proteins were fused with HA tag to the C-terminal of the
BY4741 or 649-stalk  GALI cAbLys3 nanobody sequence!”
S cerevisiae Spil SPI1 or  Luciferase The whole coding region, promoter and terminator of Spil gene were
BY4741 spil A PGK1 cloned into the BamH I and Hind 11 sites of plasmid pRS316!]
S cerevisiae GPI GAPDH  Pediocin Pediocin PA-1 was genetically grafted onto o-agglutinin and GPI anchor
W303 PA-1 to be expressed on the cell surface of S cerevisiae W303 cells!”)
S cerevisiae SED1 GPDor BGL The display system of BGL incorporated the GPD and SED1 promoters
BY4741 SAG1 SED1 and the GPI anchoring regions of Sagl, Sed1, and Cwp2!'”

CWP2
S cerevisiae Flol GAPDH BGLand EG The plasmid pMUF-GFP contained the fusion gene of
BY4741 prepro-a-factor, GFP and the Flo1p!'"
S cerevisiae Flol UPR-ICL rProROL The N terminus of the target protein was fused to the flocculation
ATCC 60715 functional region of Flo1pt'?
S cerevisiae Aga?2 and GALI1 EG, CBHI, aScaf was fused to the C-terminal of Aga2, and it was also fused with
EBY100 aScafs CBHIIL, BGL a C-terminal V5 tag for detection!"
S cerevisiae Agal without TEF1 Exoglucanase The a-Gal gene with signal peptide SUC2 and a V5 tag were ligated into
CEN.PK102-5B Aga2 BGL the yeast plasmid pJFE3 with the TEF1 promoter and PGK 1 terminator!"
P. pastoris Im7-SED1 AOX1 EG, CBHI, The target genes were fused with N-terminal CL7 tags, IM7 was
GS115 BGL and CBM anchored on the yeast by fusion with SED1!4
P. pastoris Im7-SED1 AOX1 sfGFP and Anchoring Im7 protein on the surface of P. pastoris with a CL7
GS115 human fusion tag!"

arginase |
P. pastoris GPI-anchored AOX1 CALB The GPI-anchored proteins were fused to an alpha-factor secretion
GS115 proteins signal and tagged with FLAG tag and mature Candida antarctica
lipase B (CALB)'®

Y. lipolytica Pirl hp4d B-amylase The target gene was fused and anchored on the surface of Y. lipolytica
CGMCC7326 yeast cell through Pir1'”
Y. lipolytica YALIOF24255p hp4d SBP The target gene was anchored on the surface of Y. lipolytica Polh by
Polh fusing with YALIOF24255p!'®]
Y. lipolytica YICwplpand pTEF1 a-1,2- The target gene was fused with a secretion signal sequence (ss) tagged

YlYwplp mannosidase  with cMyc at its N-terminus and fused with a FLAG tag at the C-terminust'”?
Y. lipolytica CWP110 hp4d pSlase The gene encoding pSlase was fused with the vector
Polh pINA1317-CWP1102"

BGL: B-glucosidase; EG: Endoglucanase; CBHI: Reducing-end-cleaving cellobiohydrolase; rProROL: Recombinant lipase
with a pro sequence from Rhizopus oryzae; CBHII: Non-reducing-end-cleaving cellobiohydrolase; CBM: Carbohydrate-binding
module; CALB: Candida antarctica lipase B; SBP: Soybean seed coat peroxidase; pSlase: Sucrose isomerase from Pantoea

dispersa.
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Figure 1 Schematic diagram of a surface display system for Saccharomyces cerevisiae based on
o-agglutinin'l. A: The protein of interest (POI) is fused to C-terminal of the Aga2p with two epitope tags,
HA tag and c-myc tag. B: The POI displaying on the surface of S. cerevisiae could be detected by anti-HA

and anti-c-myc antibodies.
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Figure 2 Schematic diagram of the yeast cell surface display of target protein based on flocculation
[22] . . . . . .
system*~. A: C-terminus fusion. B: N-terminus fusion.
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P J72 7 SC P 1) 7 A A T R AR B 1
PRI AS , A — i ok 5 B PCRARTS,
PRI B R R AR SR 5 AR D) 5 D ) B
ERAL RAZ AN TR A I, At i PN 5 7 56 DR R 28 1Ak
Fe o & AR R IE A, T4 /N R 107-10°
F14 P J /R 2R 1 R 28 A8 SR
2.1 cDNA X

Boder P Jo k BLEEDTIA R BERERS R
f£ S cerevisiae K, & THKRAFHIN, Ik
PR B SR R B AR B IS G T TR B P IA SCE R
SCHETRIE o TEBE /R R 50 AT AEAR A SE BT 14 0%
TR, WRAM T IRE RS S . AT R 1 ROR
TR AU SE SFFR A o BERE AL R GE
Jry BR TR A ARG B AR N AR A
[k, ANBEFH T %08 AR -A Il 8 1 1Y 45
AL AP BCAR . Bidlingmaier 252200447
TN KA RERER A R/ A2 cDNA SO, i
AT B AT 5 MR K 24 PR KR RS B IR H & A
SH2 Z5M I 8 A T i4 s[RI AR cDNA
SCERTLATE S cerevisiae FE M IEAfT S HATHHIE
HHIRE, WESCOhRetE ARE B A B R B S
JERT AR R /R TEERE R T, AT FH 5 20 30
RURFHINTFEEY A SR B EE 5 56900
4TS A 2 491 (fluorescence-activated cell sorting,
FACS), fifi 2 GHRIC 1Y AT 2 i 32 H i
s AT T e i A S MR AR AR

WAk, BERER RN AZE cDNA AT DL
AT 2% 2591 RS, Bl Bidlingmaier 2527
IESE S cerevisiae FEREFRTH /N A2 cDNA (%
AV AR, AT AR BE D REAS 5/ Noy
FHEAERMEAR, 5RO T
S (] B2 968 1 — i B 7 Dt P 0 2 90 200 JE RS B 53
(melanoma cell adhesion molecule, MCAM), A%
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JE IR A i TR A AR T R T . i
I, AMRAGRHE T —FER S cerevisiae
PR B} X 4% 52 3 4% (quantiative yeast-yeast two
hybrid, qYY2H), BEATLUEL L cDNA 7
DA% #] H -8 A B A4E H (protein-protein
interaction, PPIs), ifA] LAXTSIH-S Y045 & %
it T P,

3 3 F) £ RS 7R SARS-CoV-2 #5811
ZARLGE G G5 H) i (receptor-binding domain, RBD)
RASE, 454 FACS AT IR BEPUR 2R AR i
AR %7 BT A S R BLiA S5 & RBD (1)
IR A, B H] FACS fifidk 2878 SO
ZFMCHE FABRE , Cao ZECOEFEERE /R A
ST — A AU R A T A T X
J7 15 R FH A0 R TS 20 B 43 1% (magnetic-activated
cell sorting, MACS)#il i #1551 2 MR
ZAWFSETE RBD H % g 247 Fh ek i 58 742
T, XSRS R TR A PR SS & RBD, I
KIEY: SARS-CoV-2 B.1.1.529 (Omicron)¥f
FHORZ AR e eI, RS A XD DL B
(Sarbecvirus) PR X 1 HRIPEBT A S A 2L
ZAFFE A Omicron FUHT AR Sk I HTAA 254 LA
e PE v BT 2 B8 T AR R0
2.2 pMHC X E

PR 5L 4 Y (antigen presenting cell, APC)
P IFRPUE AT T AR, A BT AR
5 FEALHE ML A (major histocompatibility
complex, MHC) 1ZEFIIIZRT456G, i#H27E APC
2RI, HE T IESZAAR(T cell receptor, TCR)HH],
HrrJFRK-MHC (peptide-major histocompatibility
complex, pMHC)5 TCR Z [ EAE X F a3l
TR N RO L, TERBAE . SR JE
B0 R B G i B R R AR Y
Sibener ZCF| ] S, cerevisiae £ /R pMHC
SCPE NI 6 78 TG ) vE TCR K3 shf, B T
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PN & A A AR B S I i S5 A ) TCR-JIR-MHC A8
HAERB O, [ R BEEEEE R pMHC
SCIEH TCRBCAR A A= Wy oy B, e rp gl
AR W 3l 77 2 1] i /N 22 S AN O — /> M BT 3
Gee ZBfi ] S cerevisiae i £:)@ R pHLA C
JE T NS OR o g v 0 0 R 452 T A 2L 40
(tumor-infiltrating lymphocyte, TIL)Z [l % ik )
“PJL” TCR WYFLIL, KB TCR ] LURE iR
SIEA R R PR, 1y A Bl T 0 R
e A

AR PR A O R — e £ 1 T R R R
% E MHC-II I & (rapid identification of
peptide ligands from protein antigens, RIPPA)Y
Hk, B ANZE MHC-TIZ i 3 [ (HLA-DR4) L)
KR o 5. B B REAIERIRTE
S cerevisiae i, A GAL1-10 X3
BF51 % o BEFN B BERFRIK, 1T Fos/Jun 5% & IR
hi%k (leucine zipper, LZ) R ALIL 0] UL o

S S
S S
Cell wall

Yeast

Cell wall |Agalp

Yeast

HA tag «~—Anti-HA tag

- _ Anti-DRuf} —
(HA tag}=—Anti-HA tag

Anti-c-Myc —=

HE5 B RERCXT, A3 Bh T R RS i HLA-DR4
TR WK 3 Fon, s bR Ke & 2 3
) DR4 il i Aga2p Fll Agalp fifi & 76 i B A0 i %
1A, 38 2 g A AR TR B 08 3R IR 7K,
i 3k T 7 2 v B A e ) 2 1 s SR A AR
&, BEREANM SR R /n HLA-DQ6 K5 A
WA s AR ST R R R R R H AR,
FFAZS 2000 MHC-TUEE 37— Fh b sl B J5 26 07 48
ENE, AA T AR N R VEERER A BT
JEF B & (hypocretin, HCRT)H 285 DQ6
Bitd, FfH SARS-CoV-2 H54E 1 AR
P, P I0UE RIPPA A Db % 5 MHC-IT
PR, RIPPA Jy MHC-JIk-TCR A H./F
AR A FT 2958 T 3EmED),

Rappazzo LT S cerevisiae ¥ £} JE /8
AT — i 38 45 MHC 256 IR ik,
RIGH AL SARS-CoV-2 & )5 4H iyt 5t ik
R, fEEAHTP S E MHC S A K T IRiF

: [ HA tagl~— Anti-HA tag
Anti-DRof} —= .
P Agalp
S S
S S

Cell wall

Yeast

[FIAtag J=— Anti-HA tag

Cell wall
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3 EYARMIIEM/DRY KZEH DR4 BB RAEARERMANTEER

Figure 3

Schematic illustration of appropriately assembled peptide/DR4 or “empty” DR4 as a fusion to the

yeast surface protein agglutinin, composed of the Agalp and Aga2p subunits”*. The arrows indicate protein
or epitope tags for antibody staining and detection by flow cytometry.
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B, ZWSEBEETE 4 BB RO I
ARG BRI SO P 48 MHC-I4S & BT
JIKs RS54 AT LA BE 2 1 4 4
TERTERIPEN, a8 € IK-MHC 454 HAR
JH5 T R B A P

3 BERIUAEREIEF
B Bz

Uik TS . 2 W, JRYT R
ONFE AR SRR, RN TR S R A
Yy orFAEH DS R s g il A5 i
R, FERZEE, B A m A S5R
W, XF B BT 32 AN w5 L R v R B2
T PRI AECS) ) M LM R R SRR B R, R
Jo& 7 AR T SE A PO S R 8 A R BT R B
AT e , BRI AKX 4335 R A 22 2 5B R,
T B T B s AR LA e ) s
3.1 RFEM A AER

5 E B A ] 4530 T A PR TR Ak
i, YSD AJ DA 23X — BRI Sun SFHT
S cerevisiae [ EER A E/R IL-17A HUAR P BEHL
ZEAR SC PR R e v SRR T bk 8D3, AR
W A E KBS A 2 HuFv4DS (58 E HEZE
b, AR AR ONT/S HAT 3 = (R
SEPERIZERN 7, I Al 85m i 204 4 i 575
S IL-17A 73 Keck U0 F fay 1 14 24
ik e vk, Bld R YSD #hik, Wb
PCR 5 HC 5 B A A 48t , 3 sk v it e i i
WAk B AHME W, w4 W TN B AR
(hepatitis C virus, HCV) 401 B 4Hi8, &k
Ty AN B JHF 4% 5 2 i e 2 v 43 B A5 3 R R A )
() HCV H A gt o LIS AE k4 32 10 4 o 35
J1 BT LA R AR 22 0 7L sh W ket O < 2= 407 7 A
BRI BLG , Bogen S5 FACS iy —Fh
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S cerevisiae BRI AR5, T /08 0%
MOBU, FFRIZY- 6 5 B % —Fh a5 53R
2 H K K F- 32 1K (epidermal growth factor receptor,
EGFR)[ PR FEB4, t—2E R I T3
BLZEA AT 0t 2 v 43 1 o s SR A ) B B A
SEB7, HEMJIH FEB4 ik 30 £, Elter
G IOT N G e 09 Hh 43 B Y EGFR i A1 235 44 38 1 5
ERIPUAR, FHERNOE XA R RS UARE
W, M S cerevisiae FERER/RPUASCE, i
PEFRAS scFv Fil Fab 25 & R AP, Zad A
A SRS AW EE RN N N R NI N
LA R ) S R O ) B SRR AR
PR4E A AR X F B (single-chain fragment variable,
scFv) Bt M4 i 126 © ) R & 952 s A R0TT 1k ) B
BT HY Lajoie Z"HIIGEEN: S cerevisiae
Pee B &8 7R fe % VT JE (functional yeast display
immunoprecipitation, fYDIP) J5 ¥ 7E IfiL i 5 F
(blood-brain barrier, BBB)ZH JItd i 22 fif ik Hp i 12t
scFv, Wik R 5 S 1548 1 2 (adaptin 2,
AP E AR WA PR+
3.2 BRRRIE Fab FE

van den Beucken Ui i pYD1 B4R
B AR EBUIR Fab Fr BeRIB Bk pTQ3, ixH 4
JORLFCVF T S MR R el PR B8 ER ISR IR, IR S
FEE Aga2p Al 5 FRIATE S cerevisiae FE 1M,
E G HENL ALK HE Fab HUIRSCEE, &3l —4ehE
HLEEAEF FACS Wik, ZMPt)ifts mmMmEn
PUAFRE SRR T 107 5. MERERREARZE AN
oIk i BOR A sk TR, (B 57 B 55k
JE/RSCHE R/ FR I, Blaise 250050 Sk T
B R IR kL pTQS-HC il %% B 2% 1K i ki
pTQ6-LC, %41k S cerevisiae EBY 100 #1 BJ5457,
2 PITERTE — & 5510 T 2 HCAS B0 etk Jg /s i
Fab $iii)FE, SCER/NER 10°, dE—B 5
5 PCR "l SO R/ E] 5x10° Rosowski
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PUAREE, M ECEERESCEL, 207 3] LA /D
SCPE T LR R A AS, IF B 5 T S
/N 10° DL E B R BIPLAR /R SCEE, 8 T 0 ik
AT R I BT ARR
3.3 B8R~ VHH RigHiF

T £ 2 THT Ji8 s SC e Al AT FH T 0 22 B 8 Bt
&, BN Roth %% S cerevisiae [ EF K IHI R
T 5 PRI BT IR (variable domain of the heavy chain
of heavy-chain antibody, VHH) (%2 5 FACS #H%%
Ak HA PR RS E R VHH BRhiR . 94
KR —Fh e aE S Re bk, SAEIR IR
WS RN A, VHH g583E0H 2 E 1
PUARFESE M, RRUEVEAIRIT DY, — Loty
FWEIOKRBUA GRS T 515 S cerevisiae Lk
a-BEER R EEINNY C dmdhi5, JFAE P. pastoris %
ik, HE 2018 4 McMahon %PELF
S cerevisiae B BF /R BT & —FAR IR K Bt

PURFFANBE SO, 454 FACS A RLEHE , Phid
M B RE A8 o S ML 5 A2 G 3 A RIS ARy
WARBUIR, A B DR BT TLP #2223
ARAFE, BN BRI AR BT BT, AT
TR, %P SRR REE N A 5] Aga2p
A S, BR T 9OR BT S SO 18, ib
REIE o 1E AR I AR I B B R R K, R T
FIC AR 100 26 14 A 0 ) R A A o e B,

4 BEBEETRAEEGRIE
*F Hy LA

4.1 REEHRWFEMN

P B 2% T R s & — PR K B 8 1 i AR
K, TTEZHTHREEARASFRE, S5
M7, FEEvE AR e R B R R ORH AR T LA
KRR A 2 S E R, HAEE N
FRORME:, & R BT R RN ) B B T
Ho i 4 pros, — 8ol o LR AR QTR N R

RS-, Al ASME 2mrmak 10-10° EAREAEE, #ik S cerevisiae
Select
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[‘]=10>< K, variants by FACS P—
Equilibrium
binding
Surface-displayed
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Figure 4
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Isolating high-affinity protein variants from a yeast-displayed library by FACS!
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EBY100, iX S8 RAFK 5 Aga2p fill 5 JE /N 76 [ B
FI; £ FACS SrBEZ T, 2848 SCE S
W B bRl Bl A — R S, Wl Ve ik 5Bk
REEE MR, RIFHSCUES 100 fEARPRICH
WEE , SCEE RSN E s, A
17 30 G i 180 5 D AR i B 45 s it — 2
F FACS ik misg i s A0 ik, H—40 43k i)
R AT LAY R SR S SRR, AT AR ST
SRR, B AT 1 i 2 R TR 4
SERE s AT DSOS R B4R i DNA, #4758
—EERENLRAE , WHEBIIER R, S 55—
Gy, ELENGBE TR SRR 0 1R

FEF W B s H AR B w8 2 1 5 5% R o
JEH 1z . FKS506 254811 51 (FK506-binding
protein 51, FKBPS 1)z i i AH 5 [ A5 A 15 7 #
1, Lerma Romero Z:P%%} FKBP51 4w bl I 41 1)
FK1 S5 5RaEA T BEALIE AR R s A AN AE, 4
S cerevisiae [ EER M /s FKBPS1 58748 3%,
il A G R S D bR ic A e (5, R FACS
AyIE SR ) FKBPS1 AR{AR, B85 Y 15 FpASTH]
A E AR, 5 A B R R ) $
T 34 4%, van Rosmalen Z:P75@ 1 S cerevisiae
M B J 7R R ORI R B 2 AR A, F R
(meditope) X PUZ-F BRBT SR A 425 T 10 15,
O N T I AT PR B KR
77 A7 K . Teong 250806 B4k J 1 K20
¥) SCI-57 JE/RTE S cerevisiae DY 1632 #Ifi,
SCI-57 ReW IEffA T &, IF HAMRKEXS S R 2
TRIGSERN ST, By 10T DA 48 2 i AR K
SCHEE, DA vE AL 2E R SR T

T JER 2 11 2 — 2 5 e R 1 2 1
fitE, 5 R 04 A K RNAR 22 9 0 A a0 R R T
Je B YIRS, A R I T F B 1 it 0 a1 590 T LA
WAR RS PR IRAE BB BIRYT IR A R, (R,
TH e R AR AR A IS, A 2 AN K TE 1 2
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A A BERIA],  BCA A A TR A R
WEIE R B, A K IR 22 R 4 1 g4 o 57 o
Kunitz 45580 505G BT 000 e 2 1 i 2
fi# .Cohen Z:P°Yfi Fi| S cerevisiae i £} /R FE-H
Xt N TERYRE BT ZE 1 (amyloid precursor proteins,
APPI) Kunitz 53017 E m kil e itk
PR3 A7 R AR APPLvvgmisersay, FHECEFAE
R APPI, %5784 55 Ji Jok 2 11 i 1) > g 2
w1459 5, EIUKMRENERR & 83, MM
PRAT B AT (B 2R 1R o 2 J5 Sananes 55
FF S cerevisiae i B R HR A EE APPT 2875 {4
SCZE i A AR B 18 TR Ak KILK6 i3
135 —Fh APPI 284544, Bl APPLyii7e. 1. s19F. F34v
(APPI-4M), 5E7/4E5 APPI A EL, HoEAIJiR
w1146 M, EEUKMREMRS T 13 14,
APPI-4M A RAT B 1l PR 2 AR ARG TT o
42 REEBRREEM

A RS E R e R AR BT IVE M L Ak
SARVE DL KR BT AR B RE T o BERE R EOR
U 1 e e P I 2 L BT LRI 2 Fhamg, 56
— Tl ORI T R B SR T A 2 4 S 2 1 B R A UK
5 RS E P IR B AH G, IERE R I e AR
KR SRR, HARE MR 58 ZFhoRnk
SEAEAIML IR Z R, RS I Y I B2 A ]
MR} s SCPE AT RGMAL B, 455 FACS i it
H TR AR PE B S AR IR, BE AT LS 5 0 —Fe 1 T
e, AL AT DU 1) Al AL AR — %8 A T B R s SC
JE , DASHCATE PR 2 AT AR P 2 AR (AT

o e PR X T A BT Tz AR
%, Laurent 21 fifi FHF A= 700 (9 AT %5 CD19 Jifg
Ah 2k K 3k (extracellular domain, ECD)Z& P 3 12
PCR 4B FCHI 2 S. cerevisiael# £} /R CD19-ECD
CPE, BRI 4 BE A CD19-ECD #4 FE 5PEt
& FMC63 il c-myc Prikyefa, il i FACS ik
CD19-ECD %78 U, M)Ak 15 i Fa e 1 1Y
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CD19-ECD %7814 SFOS, 452 ¥ B 4l g 6y
AR AL ) CD-19 B S eifyr . AR
F ALY (lignin peroxidase, LiP)&—Fh% ML
R AR 5, B L 2 s e e
BT R AL RUE M, ¢ Durdic LT
S cerevisiae B BEJE/R AR AL LiP BEHLIE AL SC
e, 255 U AN MR T e S 1 LiP R AR A
W 2 Koy 19 B AR BE A AR E Y LiP
GRARAR LY P AN Bl () SE 17 S 2 R ARG, dE
HAE G A YME S F Tol
43 THRZFTIELKE

Ak, Lee ZE43LF S cerevisiae B R B /R
FORXT T YL SZ IR HO #E4T TRk el
PERPUARSER ] o HO R S U A B 20 i
##(cytomegalovirus, CMV) pp65 & H i A ik 5
HLA-A*02:01 (CMVpp6540s.50sHLA-A*02:01)%
GV, I R R R R HOR X HO 1 EBE
(variable region of heavy chain, VH)FI524%E
(variable region of light chain, VL) A8 [X [{) 5 =
H Ak E X (VH-CDR3/VL-CDR3) 47 B AL %

*2 BYRERTEBIEGHNNA

AR R R H9 SCPE, Z4ead 3 #eifivef 5
BEEM AN C1 (scFab); N T HE— R E bk
C1 R AR S, BE IS PR I B w
FAXF C1 B VH-CDR2/VL-CDR2 #E17BliHL %
AR IR IR C1 SCE, &t 4 fR ik i 445
B E BRI HUAR C1-17, HEM & B4 HI 1Y)
67 £, Al FHFRIMFANGYTY CMV &,

S MR HORER TR
B F

5.1 BRI RE TR A

N A€ 1) AV S SO B I A P BT . 7 A
R A BT B, BB T A s e A
SR SRR BERE R EAR G A R E A
IS B o ) 22 S B ) N T Ak, R
B 220 I T J 7 AR TR AN M R 1T (3 2)0 KPR
M & 25 JIE Wi I (Rhi zomucor Miehei Lipase, RML)
M A AR, fTRFES TE Kgife
TR A T, A 2 A AN SR AR K AR
E&IBIIEES Flolp 4568 /RTE P. pastoris

Table 2  Application of yeast surface display technology in enzyme engineering

Anchor Enzyme Yeast strain Property

Main observations

Flolp RML P. pastoris

pPink LC/HC RML

Higher activity

Protease-deficient Higher activity

The synthetic activity of the variant was 1.1-5.0 times

that of natural lipase!®®

The lipase activity reached 121.72 U/g in proteinase-A-

P. pastoris deficient P. pastoris harboring high-copy plasmid'”
YALIOF2425 SBP Y. lipolytica Higher activity The activity was 4 432.5 U/mL, which was the highest
5p recombinant SBP activity reported up to now!'®]
GCW21 PETase P. pastoris Higher and stabler ~ The turnover rate dramatically increased about 36-fold
GCW51 degradation compared with that of purified PETase!®®!
GCWeo1l efficiency
Pirlp Trehalose P. pastoris Higher catalytic The conversion rate of trehalose reached about 63.2%
synthase activity after of total maltose at about 20 h and the enzyme activity
recycled three times retained more than 85% of its initial activity!®”!
a-agglutinin  GAand S cerevisiae Higher catalytic The starch/O2 EBFC registered the largest OCV, the
GOx activity and stability highest Pmax, and the most prominent stability!””’

RML: Rhizomucor miehei lipase; SBP: Soybean seed coat peroxidase; PETase: PET-hydrolyzing enzyme; GA: Glucoamylase;

Gox: Glucose oxidase.
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T, A5 14 5 A8 VR A4 TG Ak TG 2 SRR R 7 T
By 1-5 %, BERER R BOR Fu i mn AR 7 126 5
i P A i U Tt 28 78 ARO[ st 3k 4t £ R[]
SEACI R, (A5 NN A B 5 1 AT RES i
BER MR AR WS V. I AR A
BB ARG P, pastoris ARG, HFEm
JE R ) RML I5 P FU BT A R ALt 46.7%, 38
A F Tl B A7 . PR i iR L R Ak
(engineered ascorbate peroxidase, APEX)/&—7Fj L.
i W, 252/ A, Han
U T —Fhit e3¢ APEX2 (SAPEX) %
4i, it S cerevisiae [ HE /R R GLHEATAE 1]
Ak, fii APEX2 7F 5 20 B b ORF i 4
AW s e, R R R T B A= 2 A R R
B, LB, TEAFE W L REERRRIIEOL T,
S. cerevisiae [ B} [ i 71 1Y o- £ T LI PR 1
(a-acetolactate decarboxylase, ALDC)A] A4y
AT DRE RIS O s R IR RS -4
R T AR IR 7 SR U072
52 BEBLEHEYRLES

5 HL#E /K fi# i (organophosphorus hydrolase,
OPH)RE W A HUK it Z P A LB IR R . w5
Yy, ¥ OPH fiELE S cerevisiae MT8-1 i,
HOK TS PR S, ASUAT DA B K it 22 85 24
Wy, ] PO A A BB AT R T —
A PR R UK I A HLBE AR 2, Liang 53T
S cerevisiae [ BE /R BN T £ T IE 03 T 1
) 4 240 0 B AR AR ] o X 3R B TR H R T
BRI IRETIS YY), Zhu ZEUVN G B ik T T £
J B (Fusarium solani pisi cutinase, FsC)/E/R1E
S cerevisiae il , JT & T —Fh 28 B A= YA
| SDFsC, M5 & U fli Il ik 25 B w8 AL 2R
IR MG o 2R K — W R & —_FE 1 (polyethylene
terephthalate, PET) L& | 32 {# F 09 ¥8 ki =2
—, B RN IR W R 2 R R 7 T (PE Tase)

http://journals.im.ac.cn/cjben

JE/RAE P. pastoris i, AJ LAHE S HLEGX) PET
(A A A5, T L e B 4 A4 25 P A b 590 e 1k
ZH AT ) PETase B2 36 1%, EEEMH
7T WRZJE, 1SR4 A0 A Y AR A R e
) J) 2 2R 18T B T i AL AZ% R (B-nicotinamide
mononucleotide, A-NMN)&— Flt K Sk 77 78 i) 4=
VG vERZ R, TERRRACHT . =8 . difstT: .
DNA & 5 Fl KL R 3R 3k 55 A i o) 7 v i # i 4L
YE R USSR TE e A% B B4 B 2 (nicotinamide
riboside kinase 2, NRK-2)T] DL — 25 A Ak JH ok
HiéZ B (nicotinamide riboside, NR)§4 1k 4 -NMN,
He %1% NRK-2 JE/R7E S cerevisiae EBY 100
MR, NS E pH R RN IER E 1
A2 NRK-2 LR, LAt NR &L
B-NMN, HAALREE 98.2%, imm THA A
B2, AR T AE P oo B R B AN
53 BEZMERRAER

TEAE DAL TN TS e W e f i e F b, —
AIES RN, WEREZHENS S,
PRI e T AR B A Wi Ak R, ] ATR] i R
ZREE, B2 EEGE—MER T, TECEE
PIAET™ . AR S G AR ) A R AR B T
Z i, Bae SR B, S cerevisiae Fifi 1T LA
[FE 7R 3 PSR LT 4 K, LR MGt e
— Y 2 5 o FEIEIERS E, Chen 2510857 T L
5 R BERA Y AL B (consolidated  bioprocessing,
CBPYK %, ZIKkZ i 2 F' S cerevisiae T 14 H
Pk YS/Xynll XylA ([RIE R 2 FliA SR
Y5/EG-CBH-BGL ([l /R 3 Fhaf 4 Z )4
i, AR (xylanase, XYN)WE b —Fidii B i,
A DR AR 21 Y 3R 4T YR W 3R v, B BN AT 4R
ity B A R A I A YE R, AT HI G iR K
f# . Guirimand Z£B'S# 51 7F S cerevisiae T 72
FE(YPH499-XR41-BGL-XYL-XYN)Z [ Jé /5 3 Fh
Jiig, 455 A AL B AR HE IR SR i (xy lose reductase,



XENE /R R TR AR R R R R 4369

XR). B-D-# % i i (B-D-glucosidase, BGL).
A B (xylosidase, XYL)FIA R BHEF(XYN), &
FREARPAE A TG . IEAh, Liang 20
it S cerevisiae M REF I /N HOA [F] I 7R
2 FORZRMERE, FHRGEEEYE, FERBSE
K Wi 1 S A ) TR

6 BERTHAAREREITXF
B B

P B R 1 R s B ARAE S I & 1 IR 1 ) T
H, 7 NS L Yt Baom 1y v B 21538
LN Lei 3T A E/R HARTF K —Fh
H7NO Ji 8 2 1 IREE [, TG (] Y5 3t Jeos 2 42
HEA R T R E T . Shibasaki 250 11 (4
Bk (Candida albicans) /@b 1 (enolase 1,
Enolp)/RTE S cerevisiae i, Ml &—Fh
B P ER A IR B IR, BERRE I
/NEBT Enolp HUiA R B B R, SRR
J' 7R 72 455 0] 8 B LB A% Y 1A 71 T H . Gao
L8504 SARS-CoV-2 il 78 2 11 RBD 25 #4 3 Ji2 /i
£ S cerevisiae Ffi, 1EMBEEEER, E/DRH
R BAV N2 . Xing ZEK SARS-CoV-2
K H 2Rk B.1.1.7, B.1.351, B.1.617.1 By 5
[ RBD fli 53 S cerevisiae i1} Aga2 4 &
B C R, B O IR 09N U7 A 3R 41
PR R i P B S e o 28 . PSR R B, BT
P B J R B AR TT & 101 e 1 T DA SE B BAR
P KHEH A 7 S SARS-CoV-2 ik
PETH o

S T TE S 0 A5 Yl 114 T8 By A 42 1) v k45
EEMIVEM . Le Linh ZB4E S cerevisiae i
JEn VP28 U, KRR IR B S s A T
G, AAREXT I BREZE A IR T IR
A F TR AR R g . A% Yt i I IR R R

(infectious hematopoietic necrosis virus, IHNV)

&: 010-64807509

R S B T 05 0 4 o i £ 550 1) Y At A T
MR BRI 5 — M TR THNV A 1 iz
T, BRSO & DNA B, (H A A o e s i
AT LURP 26005 THNV e, e 250
7 2 M (cyprinid herpesvirus 2, CyHV-2)5|&H]
J63 92 3 B P 1 I PR AL (herpesviral hematopoietic
necrosis, HVHN)S: 2l f i & PERE AR PESE T,
FEE SR T A R Tl A 2 JE PO Dong 2P
¥ CyHV-2 BB f; ORF25 J£ /R 7E S cerevisiae
gupfg g A, A — R O RN, PTLASI RS
JEE T 42 By 2H 21 e A 5 A 51 R A3 07 e A5
B, TP DA FRGE ) CyH V-2 J8ge
Z 5 Wang %P2 S cerevisiae % i R
CyHV-2 #3555 1 ORF132, [ IR EBY 100/pYD1-
ORF132 # i) , WREXS Y 1/ CyHV-2 it
R4, Zhang 5 1E S cerevisiae Flfi & /R A 1 21
fofi el T 29 7 (largemouth  bass ranavirus, LMBV)
F A 5¢ 5 1 (main capsid protein, MCP), Ll KHz
¥F B 4 5 % 5 % (Escherichia coli heat-labile
enterotoxin, LTB)f¥ B WW.RAE AR, JF & H AR
¥ EBY100-OMCP Fi1 EBY100-LTB-OMCP,
“HEYRIB R RN BT S0, BARUE
B RGBS , (EH LMBV J& e, %
BRI T TR BRI

7T EHRRKREZR

YSD &3 B FAME — T4 A, LR
FEAEYIE R G, B S IR R R A BRI
gh o aRanie sy vt , BT LAGH 2k HLA EAR R
MR, B4 Zh TPk TR, /TR,
B TR T 2SS, LA, R
FIE E 29l S /R PRI R R A P 1R IR Y,
Zhao 55U 7 Bl MO S AN T [ 19 4R 1k i
iKTE S cerevisiae MR IAT, M T A= Y%
SRR T ST G 00 i 7 0 L [T R R I
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IRARGERIA N RNz, Rl AR R i
e, CEAMRITE B — DR RR
ARG, UHF Agalp WAL, L a-BE4E K AT LUR
SR R R RCRNY, 1T SpyTag/SpyCatcher
RGN RN BCRIEFF] 90%LL R, kT
RESH 20 R B RE R RN RGO B, ik
AP IR A Rl R IR A R T 2 1k
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