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English

Enzymes are catalysts produced by nature and
are also referred to as “biocatalysts.” Enzymes first
bind to substrate molecules, which can include not
only small molecules like glucose but also lipids,

proteins, and DNA—essentially covering almost all
biological components. They chemically transform
these substrates and release them as products.
While the types of chemical reactions catalyzed by
enzymes are limited, the diversity of enzymes is im-
mense, and their properties vary based on differenc-
es in their amino acid sequences.

Humanity has harnessed enzymes discovered in
nature for various applications, including industry,
food production, pharmaceuticals, waste removal,
and resource utilization. The development of enzy-
matic processes begins with the identification of
suitable enzymes. Scientists primarily search for
these enzymes in microorganisms inhabiting unique
environments. For instance, when enzymes suited
for high-temperature processes are required, micro-
organisms living in extreme high-temperature envi-
ronments such as hot springs and hydrothermal
vents are examined. However, it is now rare to use
enzymes or microorganisms directly as they are
found. Instead, various modifications are made to en-
able large-scale production. Such modifications in-
clude breeding for higher yields, changing the host
microorganism, altering the DNA sequence of en-
zyme genes to enhance stability, or improving reac-
tivity with specific substrates.

Enzymes are also widely used in everyday life.
Products like detergents, toothpaste, and contact lens
cleaning solutions incorporate enzymes that break
down various biological molecules to improve cleaning
efficiency. Lipases break down lipids, while proteases
degrade proteins found in food stains or on contact
lenses. Additionally, dextranase, included in tooth-
paste, breaks down dextran and prevents the prolifer-
ation of microorganisms responsible for tooth decay.

Moreover, enzymes are beneficial in disease diagno-
sis, the production of chocolate, pharmaceuticals, biofu-
els, and many other processes. Enzymes are vital for
achieving a sustainable society and a circular econo-
my. They also play a role in addressing pollution, a
significant issue in modern society. For instance, in
bioremediation, enzymes are used to break down
waste and convert it into new, useful products. A no-
table example is the enzymatic degradation of plastics
using an enzyme derived from microorganisms dis-
covered in plastic recycling waste by a Japanese re-
search team. This enzyme has since been improved
and integrated into plastic recycling processes.
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ERFICERDMEEICKD
RYDELY,

ZhZE CEBEADBERGIE (108-10%),
FEICRON TV,

Yhi$Hd,

TER—WTHD. T4 75 O A XZMBORY
RN ARIARAE L, W, 9770, MIfaoR#E, FE, X
)=V DD AR NERDY, WREF— 20
HIE T 2MEEATHILERBEOERRET TSI
&, BOAPSRICEBEI2LZ L H D, SHICH
bX85Z EDTE BT, MBLICHE SR, BE
NTHHHERT LD E, X7 —=
TORMVAY Z7I1ZHhoTET.

CDE IR E W5 in vivoF 20 LT, e
Fas o7 BEEHREHCT, BETH»OEHESY V30
HEEWT % in vitroid\d, B 87 HER L E
{ZHR & P % —45F L ROV TRE O B B4 2 5
ERHTEZEICED, n vivoFDOHREZHIHETEX 5
(B5). #IzTH (DNA) LFBM (52328 24
WO B FiE LT, #farR-RBAXT OEI1Y
BRI IE D Bl (3 v o%— b x v MEES) &, B
) 72 38 T RI-R BRI 0 A 13D  Higly (74 A7 L
A M) BT A ENTES.

FEHRHPRT A28 Tld, SIMPLEX (SIngle-Mole-
cule-PCR-Linked in vitro EXpression) A2V —=>7%
VATFLAEREL, 3VEF MY TIVEREZEAL
#FI5A4 795V —DDNA%, 384 R7TL— MZ, —5T/
RIZHRD X ) HHsE, Z0H%—75FPCRIC X 5 HiE,
ML Y v BERE WA Z LT, ¥ Vs Hy
F5475)—%EHZ ERTREICL 2™, Z D8R
MBRNAAN—=T 9 VA ) ==V TV AT A%
T, WO AEINICERZFFO T EF MY T LT
4 7F)=hb, TFrFFEFENREE L2 =
LRARE AL 72,

BN 7 v — 789 L Szostak D &7 v — 72 X 5 T
I EN7mRNATF 4 A 7L 41d, Fa Y ILRNAD
7rurchHhira—uvwAf Ty, mRNAILY ¥
A=A L THEASELD0ZEHME L, HEillissy >3
TERRICEVEIRESED. TORKEY V7 E O
fFET, mRNAIWCK ALz a—a~< A ¥ U HHD A

v
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BETFERS. MRAZELAL, BHEROMRELICIYRE
SAT5)—H A X SRR BB RIC Lo THIBRS N B

5= FEARRS LOHRRORAIU -2
J EEREDHE

IR, ¥ U2 v — - mRNA OBEEERIIEE S
N5, Ihzesy o7 E ez d) 12X
BIRT LT, HUWOWEZ AT LY v 37 B a2 B IR
TXD., WRETHY UNZEIIHT HERLR L,
G4 75) =H 4 AHRBRKT RK10Y/mLIEE), #
TERF DN N L R EORED D 5.

mMRNAF 4 A 7L A&, RTF FRPutkli o7
TAZT A —=R=ADAZ ) ==V 7R@IRIE < e
ENTWDE0 U Led™ s RFEOREE L5
AN, VU H =k EOA TR O I E R
DIFNT 72 EIZBR S Tz W),

l. —FTARTUVAEZERELICNS VRTINS S

F—EOREBENEERE LT

N YATVE I F—E (TGs: EC 23213) 1%, &
W7 WVEEAR (RTFFINTIVE I V) ETVVZR
R VY rorI ) LoMors v AT I ezt
WL, ¥R HEREGTLAEmETDY, M, By,
WEW R EOFRIELAFIEL TV 5.

LB IX8FER o TG (TG1, TG2, TG3, TG4, TG5,
TG6, TG7, HEXOINT) HH Y, HMEERE, FKEPE
WORH, AlGERE, 7TRN—=V X, Mgt~y v
A DR, MBS SIS LTwas ™ TGOk
A, Wi, )7y 29E, 8, BHEE, 7TV YA
XK, NUFUNUIR, T AT AR EOEE R
BEIERITIEITMOENTVED, v b TGIZH
L, IR#PH AT PR TV BICH Db ST, TGA
KOG R E DML, BFAEA AT T AR % &
2, FEL L ORMBROMEDD 5.

—75, BEWHRTG MTG) 13, &, Ficani
OIS T390 B3 Rk kR 255 B
TOLHLVISHPEA TS,

TCOLEEDT A V¥4 LAOBERENRLE LD, Fh
ZFNDPNOEANEH L TOERETHY, O
BHOEFEZW ST H I L, TGHFIRICBWTIE
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- 3 3 —

< 3 2

QEJ . 2 2

< 1 14 0 1

2 -1 -1

S -2 -2 -4 -2

ks) -3 -3 -3 —

-1Q  -1H +31  +3V  +3X +2F 42X +1Q  +1C
8 0.10
c
=
€ 0.08
Q
E 0.06 - Most preferred:
£ 0.04 Q at -1 (QQ mofif)
5 V, |l at +3
E 0.02 1 Q, Cat+1
& 0.00- ; S 43 12 43 42 41 ; , - Consensus sequence:
- + + + + + + - + + -
a 1TV F K L K a prP c wha

Light gray — Increases enrichment = preferred

Dark gray— Decreases enrichment = non-preferred

Reactivity with TG1

Least preferred:
F,Lat+2

Kat+1 and +3

Cross-reactivity with TG2 and TG3

Mem TGEETIOT7AIDINAF A
T#XT 4 D AMTIER (STHRAT K D ERE)

E51 = known substrate of TG3

78 TGl EDRIGTERENANTF RORIGMEESGER T (SCRA48 K D Erdl)

0.7 7 1G2 °7 1G3
E 06 E o6 E 06 ‘
g os ? 05 i 8 os
§ 04 § 04 : g 0.4 o
§ 0.3 N 503 I §o3 . -
g 02 £ 1 202 o2 i
) | L lilil, | [ e ik 00,
01 i HEN : I"] : |l )
o PRRARNEEEE ﬂl‘lﬁlﬂmﬂlll ﬁ]ﬂl mam HHI [le] | 0 m"'”"l I 1 I o MImARe 118l I n
oum 2uM 5um 10 uM oum 2uMm 5um 10 uMm
ou ish:ide concentrafigr':ﬂ 1o Peptide concentration Peptide concentration
P @Pep 1-1 @Pep 2-7 OPep 2-10 @ T26 WES1 MKSQN @ Pep 1-1 @Pep 2-7 OPep 2-10 @KS @M T26 MES1 mMKS5QN
@Pepld  @Pepl2  mPepls  mPep22  OPep27 | KEQN = K5 with Q replaced with N (non-substrate);
GPep2-10 WK B126 BESt B KSON 726 = known substrate of TG2; K5 = known substrate of TG 1;

HWICEETH DL, FHLIE, DNAT 1+ AT LA
(MRNA 74 A7 L 4 ®mRNA % cDNA IZ ¥z 5 L 72
bo) 12, iy —4r vy v (NGS) &84+ 4 >~
TART A ARMAEDET Ty b7+ — L%
L, COEICIYMAL., GInRTF FEZTDOT ¥
Fab5 4 750 —=Hh 5% LT, mRNA/cDNA kI
FTAAT VAL ENTRTFREIALTTY) — (RTF K-
) ¥/ — - mRNA/cDNAMEGR) 238 L, HHes
HTGEETGHREDOEFF Mb—H7 I ¥V UL S
7 TGIZH L TRISHED B WEEICAR 5 GIn R T F
FRESICEEF MLEshbz), ANV T MTED Y
WRE—Az2zH\WT, ©FF MRTFF-) rh—-
mRNA/cDNABGHRZER L7, TV LWERGT
EWEUBRER], RCEERIREZE) TRMEL, H#oh
72 cDNA % NGS CENT L7z, KRB FT—71d5 ~
LT+ LA NCTRETENT 217, RHa ¥R
(IR SRR N (SR o A w B/ gl ) /N % (W e
(B6). &£ TGIIx Lixd il S 7 F FERHIL,
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Ka ey ARICIFIZ-KL, TRENROTG, ¥
b HTG2, TGl (B7)™, TG3 (k% %), MTG
(RFER) THLTHEWSE L FREEZRLZ. 35
2, e ’NTG2ETGIOHEE T 7 7 A VT =% %, I
RETIER L72Python A7) 7 hZJIWwTk k¥ V%
BB T — 7 R—=AMBIZHEA$T 52 LT, BT
F FEH E PO BB EF— 725808 V80 H
5000 Lz, 92 ) A MO EMICIE, Aoy
VINVEOIERZT TR, InETHREO L WETHE
WE N7 ETRTWE IS ENET S
TG OMRIE, a5+ I 7 2% TRIETTH
5.

2. BRIZOREHLOHFUWVW—DFT 4 AT LA EHifiD
BIF
Bl U7z & 912 in vitro7 4 A7 L A Fiffiid % < oF
M2 b b3, BERTEIBU L FHENIIEFICH
LNTWVD. NAFV—EFNVTATTY —h DGR
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Next-generation sequencing [ | \
Bioinformatics

"1 Invitro

|
v C DNA library  transcription 2h |
O /MD Simulations Re | Reverse transcription, EE— !
! ! e , @ - puromycin linker e =
4 | 89 - biotin mRNA library :
SMART Selection® | < - streptavidin ‘@ Crosslinking 1
“\ 1 @- enzyme of interest Jl SMART 30min :
\ ! Activepoor  4-5h/round I
Y | Activigigbased mRNA-linker ibrary!
. . i |
d Bioinformatics ! !ﬂ selection oaao  [mvitro I
A ) translation |
@ Output \\ : Inactive pool & omin |
|
\\ | Single-molecule |
Engineered enzymes v display library 10min  mRNA display I
. ! Hybridization library 1
\ |
Next step \ : Auxiliary unit 1
. o
pevelopment of ' v enzy?nlgiljgtrate :
enzymatic processes featuring \ : i I
\ 1
evolved enzymes \ DNA-binding > hairpin ]
\\ i protein DNA J /

8 m SMART T DR

BT IR —E BT HIDICVRY =L T4 AT
A % 2B, M-MuLV i i 508 35 o i 240k % 3tk
ILEE L7720V RY =L F 4 AT VAL Lin vitroa v
N—F A Y MEDOMAEDEEHWHED, AT
RNA Y =¥ DHEALIZMRNA 74 A 7L A % 7200
VR EBHITFOENDELHLVTH 5.

WD in vitroT 4 ATV AIZBWT, —45 LNV
CEERIEM 2 I URINT 2 RE2MET L e e 7
5. TITHEELIL, MIELZIWRLAZmRNA LIZ, b
)OIy PERKEEELILITES T,
MRNAWZY 2 —ua~Af v V2N L CHRELIMEST
PIEWEEROLAICIE, M=y OB E THEANK
(B #-mRNA#B = v ) BEFF LS n2R%E
BH#E L, Single Molecule Assay on Ribonucleic acid by
Translated product (SMART) & %&4HiF7- (K8)62.

SMART T, Hizk L7z ASRENR Y A K- Fv
FUTREDNAFA T AT A7 AFHALT, B
&3 B EEE O N IS A T2 R A S % g
L7zDb, DNALANRVTEREZEALTDNATA 7
T =R T D, In vitro#s5 1%, 155172 mRNA 7
4 79)—%,VYa—a~<xA ) rh—IfbFERKESE
5. INZHRIMRNA & LT vitroflliR 2479 2 &1
XV, BESTHPE2—uxA ) v h—%A4 LT
J5 3 % mRNAIALZEICH G S NS, RISTEPEICED
= FBIRETHICT 572012, mRNAIWCNA 7Y
FAXTHP L=y bEHESIEL. #ihz=v M
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X, BEEREZAT S LREARIEFF LIS X
A, MR RILEZEATVS, HEE L b ITHE
W7 v A 2ITH LK, EHEET AMEST
1%, ZOmRNA & EHiIZ¥FFUibgn, AL T b
TEY VA E =Xk o Tl - i E 5. KEIR
79 Y K55 OmRNA % #iRG, NGSHirxciT) 2 &
T, HME T 2 REEHRRS 2T 5.
INETOEZA, DT I/ BAFT ¥ —+¥ (DAAO)
EMTG%EBIE LT, IFERBERSTFARGEINSZ L%
RL72. HHIZDAAOIZOWTIE, ZOSMARTHAIZ &
D, EHEEREOZAL L 2 RARR OB LT
5 (RFEEH).

I BHOHIC

WHEVPFETETEL L OEETIEEBED 120 DT R
Y=V BIZON, BUROT —F — AL FEEEE
AFT2UEMPZHIIET>T0AE. TOL) RER
DOEEVITHIET B 720121, BWoRHEELERKE, &
BRI CRIRMICE L 2 AT E B NN R ERSE
Ty N7 —LDMETH L. BEORMETER, EL
TP RN R A7) —= v 7 FEICMA, B
DOEEZE QL - #AL S ¥ B 7 N1, #Ls+1L
FOTENPEREL, BETEINAIA VT T AT A
FERE L 22 TFEIREINTETVD, LrLAeaDD,
BZEITYDAE— FEZICR TR LAUEOHRIDH S
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LEZTWD, ZOL) RBUIH,IS, EFIE, Mlg~—
ADWEFZR T T 2 EZ T 5720, iy
VN EERREEL, b UATVE IF—EDH
B RO TR 2 IS L, 3 HICEERIEMIC
Konwl—45T L7 varzuiglld 5SMART %2
B L7z, KRTS5 v b7+ —21de novo ¥ VN7 ik
PR MO B HICHEILTENAF A VTR T AT AV —
NaiAAL T L, SHEBEREERRE LB IR
952 LT, SMARTIZBEIPDRHEN T —F— A4
FEFEZED BT 20D TS5y b7+ =212k E5 L
WL Tw 5.

W RVIED R EED, BT o THIFZEZ 32 2 T < 7z U < [l
2B, DL LowEBwE S, AR RFEOPEHHRELA, &
WG HEE e A GRS, ARIGEREIEAE, SEBFIEE (BAWKSE),
TN G4, Camagna Mauriziofi-t:, ¥ E RFOMRAE NLE, H
W RO R AE, Tt — 2 b5 U 7 K% Vrielink Alice 564,
Ariela Samanthafi+t:, L CT& L OIFEELEDH L LTE, 2D
L) BRERIIEBL LI TEFRATLE. F2Y -0 7007470
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