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Abstract: Rapid development in synthetic biology and metabolic engineering has driven significant progress in the
microbial biosynthesis of functional saccharides, such as human milk oligosaccharides (HMOs), D-allulose, N-
acetylglucosamine (GIcNAc), and N-acetylneuraminic acid (NeuAc). Nevertheless, conventional static metabolic
engineering strategies frequently suffer from metabolic imbalances and resource allocation conflicts within chassis
cells, and the bottleneck in high-throughput screening for key enzymes severely hinders further enhancements in
biosynthetic efficiency. Furthermore, the bottleneck in high-throughput screening for key enzymes severely hinders
further enhancements in biosynthetic efficiency. To address these challenges, biosensors have emerged as powerful
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tools, playing a prominent role in the dynamic regulation of microbial cell factories and the high-throughput screening
of key enzymes and high-yield strains. This review provides a systematic overview of the core modules of genetically
encoded biosensors and elucidates the fundamental working principles of various types, including transcription factor-
based, RNA-based, two-component system-based, and fluorescent protein-based biosensors. Additionally, essential
performance metrics of genetically encoded biosensors—such as specificity, dynamic range, sensitivity, basal leakage,
response time, and orthogonality—are systematically discussed, and major strategies for optimizing these key
parameters are comprehensively summarized. Furthermore, major strategies for optimizing key parameters such as
specificity, sensitivity, and dynamic range are comprehensively summarized. Subsequently, we systematically review
the latest studies of these biosensors in the biosynthesis of functional saccharides, including HMOs, D-allulose,
GIcNAc, and NeuAc. Various biosensors (e.g., lactose-, temperature-, quorum-sensing-, and metabolite-responsive) are
employed to achieve precise dynamic regulation of metabolic pathways, successfully balancing precursor supply and
pushing fermentation titers to more than hundred-gram scales. Through coupling biosensors with droplet microfluidics,
fluorescence-activated cell sorting (FACS), and toxin-antitoxin systems, the directed evolution of key enzymes and
high-throughput screening of overproducing strains are rapidly driven. Future biosensor engineering in functional
saccharide biosynthesis centers on Al-assisted de novo design, diversified non-transcription-factor mechanisms, and
host expansion into eukaryotic chassis. Crucially, integrating multi-signal logic gates will facilitate autonomous phase
switching and metabolic balance. Concurrently, automation-platform-driven integration with biofoundries, droplet
microfluidics, and machine learning will accelerate high-throughput iterative optimization. Together, these
technological advancements will seamlessly propel functional saccharide production from empirical static optimization
toward a new paradigm of highly intelligent, autonomous metabolic regulation. These advances will propel

biosynthesis of functional saccharides from static optimization towards intelligent, autonomous regulation.
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(TF: transcription factor; RBS: ribosome binding site)
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.

0 pror wnthesis
flux by temporally
lnr lnctose levels)

ibalancing precursor supply and product synthe:

tuming gl ion based on

Es

R IE S, KEMWRSEE,
MR (MRAEED. BR-VMIERRA.
CRISPRD) SEIUE 5 A MACEACHHR Hop 0 i,
2 TE T HMOs 1 D- [ 3% i 4 55 Th 68 B 1) 4= 7=

21 HEMERERE HMOs £¥E K

HMOs & BEFL A AL T FURE FIE S8 (10 258 =K [
WSy, FIF & EEik22~24 g/L, HATC%E
25 K B 1 (1) HMOs A 200 2 F %1, HMOs H 4 1
e, REmeE. RERMKEEDR, 2
RLF T Ihae & 25 5 B Aot S A Y. R
A 7 AR AR AU TR, K B 2 B
FH f5 J30 8 1 JER A8 2 B, ol 2 2 AT 1 R R 3 7% B
%5 GRAS W bR B HUMS B 35 e ™ 2SR 4% SR e
(K% O 7E T % J86 25 R0 40 B 73 A0 3R 55 A8 4k E 3l 1
P25 30 B AR DR SR 0, 3 T~ 1l 48 T AR K 5 HMOs 1)
G, B S I M A A RN ) S R ) A B
[EI5Ca) ], fE2-AEMEIEFLBE (2'-fucosyllactose,
2'-FL) A& R H, Zhang 55 B i i 52 1w it
SR BT FE R T — i S e v )97 2L W ) e 7 [
FRUEYME RS, B LacI®" T 3h 25 4% G i 15

By
.
f ?._.\.,_J, IE“ L coRINA nur ¢ RN A
el manl? |
I —— W
kA [ CRISPRi
i Ak - gk — TE—

Laoc || ¢  product biosynthesis

e oy nihesis+
birc compertively inhibi

hi i e
external temp

Pt

= T (]
Tatd pCD-lxR- ~foaxd - -1, 4-Gal T
.
.

gl
AHL

Cra binding site

FBP-responsive hiosensor o promote

", insynthesis {dynamically adjusting phosphofructokinase
expression based on intracellular FBP levels to maintain homeostasis
between central metabolism and heterologous pathways)

ST AL RS A M RUEY AL T A M HMOs.

Fig. 5 Dynamic regulation of microbial cell factories for HMOs biosynthesis using biosensors.
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A FEPSME (glucokinase, GleK) IRk, 7EK
A1, 4if B A AL & =%, Lacl #1i glck
Rk, AR AL R R I LR S OB Ay FLBE AR
R, MG, glek RIBES S, RUHREE R
GDP-2 b G BB E, AT SEBL T 1144 4 B 5
Y& Rl ) B AR IS0 ] X —3h& i
R AR T AR g S A, TSR i
2-FLPBARTF 7 107% (359.67 g/L), 3-L K EEHE
HPE I8 30.1 g/L, A2 A B E AR 1R o AR &N
ME—BRJE A i 2-FL I B fldiE (R 2).

T BEAE N — PR A M . TG 7R AN RS 5 55 1)
BF5, FFEATIIERE. Yoo ™ 7552
BRI HP T T A L T IR P U LR B 1 CT R T
Wi S AS AL EERG (30 324 34, 37 °C) MK
#o K CIY S A AL AU AN R B S B F P 1
ANEAE, FETRERFRK. shSUEREE
39.5°CHIRE M N3 3 7P, (£2). BEEKIZR
G AT 2-FLA& /KT, KA “%K®E (30 °C,
0~12h) . FHEOE & B furC. manB. gmk
Al ndk (34°C, 12~18 h). J& i 35 4+ ik 45 3E A
pfkA~ zwf R4 B &L R yeC (37 °C, 18-60h) 7
(Y 7 45 i) SR, 2'-FL #2772 M 0.36 g/L $2 7t

£ 1.84g/L, 5-LAKMfEF - E1k28.2g/L [K5(0) ]

TEYH B BEAR K RL (quorum sensing, QS) R4
/i, LuxI/LuxR F1 Esal/EsaR & $t % ff) %% 5% [K] 7 7Y
AR P A R, LuxR 5 LuxIl &
R ot 2 vy 22 2 R W IS (acyl-homoserine lactone
AHL) 2546, WE P, B3l T Rl ERIE ™.
Esal/EsaR R 4; [A FEW B AHL A5 5 70 7, (Hi45 5
I EsaR i & N FLIE B B, QS RG LA LE T3
KRS S5MBPHEEZANMEE, LFHHIMEHE T
7o Tao 55 " £ K iy FF % MG1655 o # & Lux %
QS R4t H T zh & VA £ L B% -N- 37 U §f  (lacto-N-
neotetraose, LNnT) & . 4 <8 B &K B-1,
3-N- 2Bk 2 2 78] %) Wi 4L FE B 5L 1A [ged TN B-1,4-F 3
WE R R B L cpslaJ BT QS A BN T8I K, L
BT i EoE (B 5(d) ]. LNnT #2f
FrEIA3.05 g/L, BOMMIRE 2L B 30
e 1 il R ANF OD, 1 QS JH 3l 1 R ALk, R &
T2 4.64 g/, {E5-L KEEEH LT IPTG S,
LNnT 7875 20.33 g/l (£2). fERFET, &
J&) #% 5% [A ¥ Cra (catabolite repressor activator) &
R 450 i 5 o0 S AE AR B SR BT . A
BB -1, 6- B R

(fructose-1, 6-bisphosphate,

R2 YL AR TE HMOs & Rl 18 F
Table 2 Applications of biosensors in the biosynthesis of HMOs
TR T TR B B R AR AL R i Rt ik 2%
R SCik
lacl 4G FBE/IPTG J5 KA IF MBS R AW gleK MiRZEMUAFR 30.1 g/L2-FL  [36]
MIENT FIRES, MRRR ] ke Rtk (3-L KR
CIM IR RIL4S A DNA G #55%, @i HEh 7 DRESCREE M W5 2-FL iR ZEifE 282 ¢/L2-FL  [86]
= Y ) R AR T R AR AT B R 3 G (5-L R
B
LuxI/LuxR A BN AHL 254 LuxR,  Hal - LESE 0D, 3 & # &%  KhHW 20.33 g/LLNnT  [87]
REERRL WS P,,, i R R LNnT # e 4] (5-L R BEGE)
FBP-Cra fIGKREEFBP IV, Cra 4 & H 3N T RiudE A ME pkd,  KBFFE 48.50 g/LLNFPI  [88]
WO R R Rk =K JE FBP 5 Cra i A% R (5-L KR
2h & {35 ) DNA R ES , W 11 LNFPI4 %
ik,
BgaR 7L FLWELL 4 BgaR , 0 R 3L A E ML FIRBS AR i & 2-FL & KB 78.21 g/L2'-FL  [89]
IR i BgaR: B &5 JE ) 1.47 71 #E (5-L KI5
3 v B 519 4%, K I3
[l M 5~10 g/L 42 = 51 0~12
g/L
LM A B A FosR, M REUE G B 20 7 B 3 UL DL ik it e, KIBATH 12425 g/L2-FL  [90]
R (FesR)  He3g HARAG W Bl R AR 255 AR R (5-L KR

i R 0 3 25 7

B9
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FBP) KEAKK, Cra4i &R E 3+ (W
P> [HFEFA b, WoE R R RIE 1 b
T fpt B0 7 EUFBP LRI, FBP 15 Cra 45 &
FODNA EAEES, M T e F Rk . B
FAX L, FBP Wi w5 AR 4 k2 B 21 5 25 1
5 K kT B & % LNFP 1 % 42  pfkd 13235 ('S
(e)]o I NFBPALIEKZS, MWEMFf#EL M. FBPFAR
i), Craff# s, 0 pfkd Fik, MGk 55 b B A
&, HRERE R E K, &A KA R LNFP
[P B R4 7 8.12% (2.53 g/L), fE5-LEEH
P ER 48.50 g/L Y (R 2).

FLAE 2 HMOs & B8 FH R, R G 5 T 7%
S DAL 14D 7L 0% e 7 Y A ) A R A S ). BT
BgaR 4] i 1) FLWE A% 86 35 B 08 A7 2000 )37 P 7L A ik
JEAZAL, D9 HMOs a1 7™ B A 0 975 8 52 i 1 50 B 52
o T A AR B AR AR AR R PR B R T N = 1
B RS T, MmN LaclfE N “f5 5 ##H
#4870 LUK R A 1G5 A& S R TR i AR
K= m W BHLE] . RBS 720K 41015 )5 5 208 &
T AR RS I B A A SR TS, IR R B
AT LNT I J 2'-FL & /& 77 8 bR i ik, 5-L K I i
WA 2'-FL 77 ik 78 ¢/L ™. e 4h, K BgaR £
WA B 2% 5 78 15 KW AT B 4 5 (R 40 %) CRISPRi 3¢
FEAREE, T “HRMPHRS R EESHHEER
A 28, 218000 A 7o i v % e 8 A
Had #FE K (W penB. ifB %), HEH G
LNnT P2 &1k 47.41 g/L " (F£2),

B 7R SR TR T B AR AR A, B T AR
) AR AR I B A ORI R B T MR A B . %
FAG A R AWMUK 73 7o fF (WnEE B e RNA)
A NE) UNE A G oy T LR AR B, L g R
KNG B bR = A o gl i A K 0 TR B,
G0 A T R E AR R R R, T
PR R o EF X 3-FL 6k = K AR % 56 PR 7 1R 1 oo A4 11
HFR, o-L- 75 % B B AfcB A5 45 3-FL KN L-
FOEERE, TS T R - KA
TSNS, JF R H 3-FL A E bk, E 5-L R
T T P ik 42.05 g/L YV BRTE BRI RSN, FET A
9 BEBR A FesR-P 2 40 (1) L-24 32 4 e 7 B A% k2%
W H T HMOs & %O g (1) ik . 8 H 2 7 &
e Je RIS DUELAAL, A RO B T AR AR B AR

W, JE%E TEhAVEE, AR a-1,2-74 B
HREMERME T TR, 2-FL{E3-L KB
WE P EA 124.25 gL YY) (K 2),

H AT, HMOs Y4 Rt a4 1% 5 i & i
M R 7T 35 B T K AT B BN B 2 AT 1 45 R A IR
Beanp, WMAER BRI ER, EAEAMK
S EA RS CInERI BB . R R R IR R
o, LR AR IR AR IR SN A HMOs A5 B A LR IE -

2.2 SWIERERIKEE D-PSEEE SR

D-Buf 7% B #%  (D-allulose) & — P& &M H
W AAE T /D HORE AR E B Y EAE N D-
REER Z I ik, BERES. BMEs. R
g 4 I N A (A R v SR
PRI A BT e, D-B i B WS 76 B s . P4k DA
T 107 B PR A4S P 5 45 5 T R 5 E BEAE  PT
D- 56 3% F1 0% 1R R ABE A AR 7 2 S i 2 RN A AR ) K
Feyd: 0, R R, B0 1 RS R
FH D-Fi 3 B % 3- 22 7] 7 44 1§ (ketose 3-epimerases s
DAEase) f# 1k D-SFLHELE 5 D-FT v B pE . Bk KM
FERRIAE . A 5L 2 AT B 45 22 4 B AR & R D-
T T B 2 I L R P S s e R TR g R
KT (Agrobacterium tumefaciens) [ # 3 [K ¥
PsiR S HC[F5 5 81 P, o2 H AW FH K D= 32 B 4k
A AR AR BT TG D-BT i R B B, PsiR 45 A
P ORI SR (an gt B H eI R D B
5 D-Fly& B BEAZAE RS 5 PsiR &5 6, AT H A Rk
3 M DNA FARES, MG RIE

RERHE K5 %8 2 R A P £ X DAEase ff 44 3%
FALH S =m0 T B, JTE T RGP
A WAL SR B AL A S R A T . 1 BN TR
SV TR PsiR BT v IFARAL 1 D-B ek B Ak i )3
A WAL IR s o SR AL AR 7 e 5% W o0 e s R 1
PsiR AT & AL, $o 7 AR RS R . Ak
JE [ PsiR WG R A S MM IRIE AR E &, W
TR I R IR 107N VR /N BT TR v P B
(R MHZEFENHKRP ERBEHF
(Sinorhizobium fredii) K512 A 74 (STDAE)
BEATRE AL, TRIESRIGRALAM3-2 (S11G/L42T/
LI6M/I109E/E152N/P247G/F242Y/A254C) , H fi
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g PESE = 7 1765 I8 IE IS G 31 AR Y PsiR
) RIEIK, KWESET- T A% 2% 30 2 e B ]
BE— IR T ARG R S A I ) A A 7 Ik~
g R D FHZFEEXNKTERE
(Agrobacterium sp.) SUL3 K5 2 7] 55 #4 Bl i3E 47 2
) G Ak, 0 R 3R 15 9% AR Ak M42 (P38N/V102A/
Y201L/ S207N/I251R) , L 4k % ML #2 = 7 6.28
i, (A PARE P E, 60°CT [ 3 1Y
HEK T 2565 . NI IRAE Gk =i IR )1 5 H IR
R, PR TETHERIFR RGN XK T
B W) A2 J 2% (toxin-antitoxin-based high-
throughput screening platform, TASP) ~F & oY
(£3). TASP-V& F 4 B 7~ A4 1) v] KF 22k
BRI, KERREEEAEES MEBAK K
mCherry 2615 THREBIARIEL . 2T 0P G X 45 Bl
TRME (Pseudomonas sivasensis) KI5 1] % 7] 57
¥ g 3E AT € W BE AL, Ok )R AR R M4-2
(W14C/G6TA/L1S1Y/F245K) 1E 60 °C I i 14 ¥ 1
Pems2fl, FEMEKIS . —RYIET LK
a5 I R I8 R AN D 3RAS T m It R R A,
FIRT T D-Fl I A BE A A R R, o Tl
Fig ) PRI AL S E il R e R T AU
Ab, Li % M BT PsiR 14 2 D- Bl v B B e 5 2 A=

WAL & 8%, T Caballeronia insecticola ¥ Y
DAEase ) EEMEOE, IR1F AR AL/ S3TN/F157Y
AL TR TR 7 14.7%,  65°C2FETE ML 27.56h) . 5
A5 AR FE Al B 2F AT 1 WBS00 Hh R ik, 4 di i fi ik
500 g/L D- 50 1 h #4022 0K 33.6%, 8] 2 {41 i B
57 MRS R 80% LA EIEME (K 3).

M i S L B Calditol oxidase, AldO) & H il
4 % D] i B b s A R IR B 2 — . 7E D-Fi i
T i 0 R A R, BERESEALER (ALdOD 2 H i
FIFH IS 12 B S B PR TE Y o A M L A T R 300
g B % B R [ % (PsiR/P,) 5 B T % L
Hl PO R AMHER TetA) M4, WEKETH
EREFRE DO EMFAMK RS . 84 RE
PsiR [ )5 3 7 58 JE J JFORL#% DUEL, e % S EL H Ax
Bt 35 705 40 M BT 24 M RS VAR R AR G . R R
Gt AldO F8 78 4 ST E AT i B 1 1% S AR AR A
A RCE R T RAAR, e A% DB i i A ) S
R BT 19.97% U (% 3). T PsiR (4L K
a5 T A P IR A A R D= 9% R R ) 3 4 1R 3
W o B R AR A TS T . T B8 52 PR 1 IR, B
BT E A RSN E  Seg, AT PsiR 1R
Pyt NGBS . TR 4SS A 148 S AR W A% 5 47 0 1
Ui . IRAF 1) D- i R BE A 4 A A R U B T

F3  HLT PsiR ALY AR AE D-BTIS A RE & b 82
Table 3  Applications of PsiR-based biosensors in the biosynthesis of D-allulose

R TR s BB % A AR R RS AR wy  DVTEmETR S
A SCHR
PsiR-% M R4t SE A 3E4L PIR(G133D/Y233R) it & fifi vk BEEVE S 1745 AR KIBFFIE 30% k% (1.5h),  [37]
P R W BB 50 mM DAEase KA K EME AR 500 g/L D-H- B & B
2% 10 mM 150 g/LiAR A2
PsiR Ja &1 L4k PsiR £iE/K  FHIERME By 0% 52 =5 6.28 fif . KWAFE  322%#4ZEGh),  [100]
T K SVEEY K~3014%, 15  DAEase 45K 60 °C F 2K 58 {1 IE K 500 g/L D--55 4 %
I EL EH 1.52 FAR 2 0.05 2.51% 161 g/LURHMNERFIZD
ETHZ-E BT LERMApPSAGIONRX  EiEEE B 2 1 5.2 1%, 60°C KA — [101]
K ARG D-F3 HWATEAL+X PsiR 45 &7 55 55 DAEase RAMA  FEIEMAIEK 3.5 1%
Tl 4 e B R AR ) ASTEEYT A 150 mM, (5 e LR
1A 14.2 1%
PsiR F N e 1 O 3 B ARTIER S 14.7%,  FEEZE 168 g/L(33.6% %4t [102]
DAEase %75k 65 °C T 3 W & & HFE 2,10, 41k
17.231%
PsiR Bt KON TetA (U R B E % AldO 35 AR H W KIBHE  1.82 /L, BEAER™  [103]
SMESD) s JR BT DU, S8 AldO /AR B 19.97%, 440

DURES - B RS &

HufiEfk

e o= R RAR
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292018, X D-RAT & HR B A FE 9 5 F 10 uM
£ 100 mM "o flifk )5 1 PsiR A% I 4% 5 B AIsE
YniC 4 (1) D- K] v B KE G il 38 2 70 45 & B8 W T 14
AT LR IL, N B A R D-R I B S T E 30
BOE EWREA (B KR, Kl
THAEKKBN AES, Ba TIINIPTG % & it 15
S 2, A5 RIE RS dCpfl RIS &
D- B ¥ B B fih %% 1¥] CRISPRi & 45, 5 24 #1141 B 12
TRBE A 1) 2w B R R, A B AU I A i 2
B 0] D- B 5% R G B, B 2% D- Bl % A P B AR
68%, FEALFIK0.43g/gHEHE (F6).

D-l e i B A= )6 i AR AR kAR BT 2 T
BRI EE I, A T AR N AR R S A
WIS AR RS A, BEAR B I (R T HMOs & &
CUEV SIS IR R B 2, Kok, mFHIX i
R R BRI LS 5 S B B AT, DASEI
D-Bl 2 Bl b = SO e AL AR T R

2.3 EMERRIEMEMMIDREEREY SR

GIcNAc 27 &l W N E AT, | ZAFET
HIGEER . 0L BE R SR S WE i BB b 7™ GleNAc
HAFR R RTTEE . S05 i B e L R
SGEUIRE, TN TR ThRe R KAt A
I, N- 2T R AT R AL A P IEE P iy
G LT R Ak 1 gt . TSR BRI AE W
RPN

7E GIeNAc HIA P& B AR, BRed% o0 i S 8
) FH 4 %0 B iz -6- 15 B8 5 1§ (glucosamine-6-phosphate
synthase, GImS) 1% B ] %] b -6- B IR £ It 4% # g
(glucosamine 6-phosphate N-acetyltransferase, Gnal)
S5 Ok B T 4 A T 4K A 4 % AL 2 K GIeNAC ™™
N il e O R AR S B R AR 2R A S R )
Yl )AL, AR ) A% R 5 CRISPRI $30 AR IR 5 il &
A A A RS FE I 1 B E BRI (k4D
—J7 1, FH GntR Z G #% 5% Kl GamR Xf J¢ #
B A& & X W 4 BE -6- % FR  (glucosamine-6-
phosphate, GIcN6P) (1) RF 7 PR Wi S AL, A 2
REPERERE RS, H3) 7 LREE0E RS
Pt 13.4 £5 1. 1% 4% K 2 5 CRISPRI & 4 1%
Be, M T B ES RS A GIeN6P A
BN, AR IR AR IO A BRI 2 K A 7 B -6- R 1R
N- LT i #% Bl GNAL 3R IA,  [5) IN fifE B Xt 58 4 i
I Gwfe pfkd. glmM) 1] CRISPRi #i#], SZ
PRI B VT R, RO ANE S
T, LREBERAE 15-L K BEHET & 5 GleNAc 7 i
131.6 g/L (K. FH—J7MH, N LRER =)
AR BT AEHY S U5 R XU R I 4 SR
FRAE TR R O SR o I R TR R R B s R
¥ PdhR 5 FLHEHE T Lacl, g% H WU f N IB 1R (1)
BNASIERIEE . 1% R G AE 8 15 B CRISPRI I 54111
FREAR U SCHE T SR (pfkA 5 zwp) . I 25 BH W7
ORI BERR, A& TR 30-L A BEGRE T & 1%
GlcNAc =ik 143.8 g/L 1 (£ 4,

(jllc
p—rd Fr:ﬂ pisG N N
Gle i rwf Cgl2297 Cgl2303—
| Bsglck Gle-6-P ——»6-PGDL:--# PPP
| ; p g
Gle-6-P pgi  Fmio tacMD rbm-
| C il p.s'rR ﬂ‘(‘pﬂ A il B CI‘RNA:u;.I" o S
Bspgi ~—®Fru-6-P g@»t‘ru-l,é-sp 5y \ /
alsE  licokesis
i T dCpft ¢
AGP pyruvate o0, e
1 L ]
‘ luﬁp P _¢ high-level D-allulose CRISERS
D-allulose I\I{_é] JL A 2wf —— )

Ca) 7B HEFF 08 05 BRD-Fl T T R B 2R B (b
LIPSt W ER Eh B F I B (KD

(a) Synthetic pathway diagram of D-allulose synthesis
in C. glutamicum (genes marked in red indicate those
dynamically regulated by biosensors)

(b ) D- Bl 555 A B 7 68 538 1 2 oo f (12 S0 D- 5] 8 B 5 o
(b) Regulation of zw/ using D-allulose-responsive biosensor
to enhance D-allulose biosynthesis

Blo EWnfk s s W1 E IR B AT 1 & A D-Fl i i i -

Fig. 6 Dynamic regulation of D-allulose biosynthesis in C. glutamicum using biosensors.



%74 www.synbioj.com

013

R4 EYE AR AT RERE G R TN
Table 4 Applications of biosensors in the biosynthesis of other functional oligosaccharides
R T T B fR R R R HEERER ’i;
GIcN6P 1] GICN6P IR EMKHS ,GamR & JA 2 T, 8878 5 CRISPRIUBBMEX  FiFEZE 131.6 g/L. [107]
NS BT P, B F A M FR e 13.4 1% IF) 5 ) 5 45 - WO GleNAce  FAT B GleNAc
T ¥ JE D 5 GIeNG6P WK A LR GNAT 0] 354 (15-L KR
i, GamR 5 2 45 & J5 I JE 21+ & 1% Czwf, pfkA, glmMD
R, AT RS R U R R ek
PR BRI BN, PR 45 BT LRERMASIE BMEIEASSEER K@ 143.8 g/L [108]
NG S F A B R R DNA B4 B4 S 4, 45 4 CRISPRi It} /5 I GlcNAc
(PAhR)+FLHE il T Ui 5 Rl (i dCas9) i #% 5% ) B T2 G B AR ] (kA (30-L R FEEEE)
YT (Lach) YHATRM AN, ARRYS zwf ), Pk R PR 4R
WA ZS  PdhR 45 &, 3L )\ DNA | fi# MR
5, DT R B A A, T i 3
[KFiE
NeuAc M  JG NeuAc K , NanR & &  fRALRBSAIN#4AS  METHESEARER MR 4.23 g/L NeuSAc  [109]
JE A AR AR P SR U A R SR AR R IR T IR ) R S (PopQC) AL AT (3-L B
+iPopQC (T NeuAc f£ /£l ,NanR 52 454, kiR K F I (folB B fis W) ,
G AR WRECERE MR T R AT AR
D TG 2 (R Rk
NeuAc M NeuAc K EHAKHS , NanR & SRALEB) RISl il &L glmS-gimM-  KIBHFFH 5826 g/L NeuAc [110]
N AL AR A AT LRI N Ribol B 51§ R Fa 8 SeglmU %2 3[R S (3-L KB
(Bbr_NanR) 5l /741, M) R Uiz R R 3 5« s ARAK S e U0 £
24 NeuAc ff 7E i, NeuAc 5 %k 10.62 1%
NanR £ &, % S H A R 0508,
Ja BT R, T A R
TR N AR IE
W g GNERER R, PAhR 25683 3 7 LR & & SE Sk CsiR K 28.17 g/LNeuAc [111]
R RS s 7 BRI R AR R NeuAc 16 184 2 R fn i R R B
NeuAc MW . 3% WEIERZEN, 52 45 & Ja Bl A48 i B3 R 5 3 oK
R R MRS, W B 7 e, N & A5 50 10.62 4%, K vl
Kok T AR B A, G 3 R 3R A [l 0~15 g/L
ok N7 KE/RERRERER , EryD VY B3I T AIRBS TREMR il ik A g Ak fRNEHREG 148 o/L ARBEHERE [112]
EryD LRSS RAK, A 2HEN T FH L Ao re Bas R BUE sl 235 (3-L RIS
) T R DR A S 5 MR B R AT 0T
TEI, AR GENERE 5 EryD 454, 1%
SHEHMBA, VRN
B4R, NDNA _Efi# B, WIS
i, BSOS T R N R IE
MR W B HEEEE S MUR 454, 08 B TAMRBS TR WA FSRIER &R SBh 39gLHE@EE  [113]
UL IR A K9 %, MtIR 45 & PmtlE HB0H# AL R3S T 1-T G SR/ IR R, BB Hle (3-L KD
S, SR a aTORE Lt Leget - dyn. 3Ry
CdaR Wi, GASEGH ST CdaR J5¥#k M@ —HRXEH "IN WEC—WWE 7 L8R KIgh s, iMiksD2y s [114]
TR R WP, BT, WKE) GFP RIA RARGE, TFMEREE KA, W ERSE S BINEER KRBk, RS
SRR A R AR G, 5 IR IR R K, 45 & FACS NADH A b B f
B FACS AT E ML AT & kL GA P =
58%

NeuAc & — 1) Z 77 1E T8 MESh 1) S s E
R R IR U R B IR, AR RE R LR A A

P B . U B S T 18 A T TR 4 R

LT AE . NeuAc [ RHUBLAL A 7= 2 B H AR

VIR VE A R B Y RS U AR,

R A 00 1) 52 T A2 1) FH N- 2 T 0 35 ] 2 -2 22 [ 5
FIl§ (N-acetylglucosamine-2-epimerase, AGE) A
N- Z Wt #1 4 Z B2 & B (N-acetylneuraminic acid
synthase, NeuB) & I fig 8 A4 i 44 AQ 0 4 A Bl
NeuAc "o 7E NeuAc A A B, £ %R E IR
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IR EZE AT D R IRAL BOT IR B = A8,
FINRIER ARG RARB@IEZ —. #Ed 5 A 4
s E KRR sk A ¥ (41 Bbr_NanR), Jf
ESREWNE S iSRS LA Br A S N WG R I
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