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Abstract: Synthetic biology is bringing together engineers and biologists to design and create novel biomolecular
components, networks and pathways, which were used to construct, rewire and reprogram organisms. Over the past
two decades, synthetic biologists have designed and built increasingly complex circuits and constructs and begun to
apply these systems to a variety of settings, including biomedicine. Multidrug-resistant infections have emerged as a
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major threat to hospitalized patients and are associated with the boost of mortality rate. For example, the prevalent and
often inappropriate use of broad-spectrum antibiotics has caused the emergence of multidrug-resistant bacteria. The
technologies of synthetic biology have contributed to the understanding of disease mechanisms and provided design of
novel strategies for the treatment of a range of infectious diseases. In this review, we highlight the application of
synthetic biology for diagnosis, treatment and prevention of infectious diseases. We first describe CRISPR-Cas based
technology for diagnostics, such as SHERLOCK and DETECTR. We then discuss engineered phages, bacteria and the
strategies of synthetic biology for combating drug resistance and bacterial biofilm. Also, synthetic biology principle of
‘analysis by synthesis' as well as CRISPR technology have been applied to unravel mechanisms of viral infectious
disease and to develop therapies. Finally, we summarize the applications of synthetic biology in prevention of
infectious diseases, including engineered probiotic bacteria, vaccine development, and control of infectious vectors.
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Fig. 1 Schematic of synthetic biology therapy™®
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Fig. 2 Schematic for molecular diagnostic testing using CRISPR/Cas based technology SHERLOCK®/DETECTION®"
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Fig. 4 Schematic of dispersing biofilm with engineered enzymatic bacteriophage®.
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Fig. 5 Schematic of combination therapy with engineered phage and antibiotics®".
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Fig. 6 Schematic of “pathogen sensing and killing” system®.,
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Fig. 7 Schematic of engineered probiotic E. coli Nissle strain for eliminating and preventing P. aeruginosa.®®
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IV

B AW A B G MR IR T TR N A
A PR X B RS Gl M 5 R BUR AL ER A A AT AN
HF CRISPREEARIRIT TR

5.1 AREYFERSEERMEBREENIERRH
B9 Rz A

B B B BRI T R O AL B R A
T RE AL A . BEAE R SATTRE % DL R R ) T
FE& AN B O B A K 2 A, KRR IR

FATRE A 3 -5 A4 A LA B A 00 B EE AR 0
B AR 2 — “H i Y, BE sk
AN BEAE A RS R 2Bl EAMRAES
HER DR as &R, N 550 B2 BU% L
il B AR R T — MR 0 R TR A A R R
PEFIR IS, A BAR P 5 ST e B B0 e R
R4, SRUFFCHBCRALEE . B, R A4 G
A B 2L 23R i 42 B B2 R e B ) B1AE BB
HINL Y 8 (95 K41, HINLY & %% 43R 5 000
JIVA B NFET: . B 22 FATE 0 E A e B AT
X SEDR I S REME 0 BT, F24 T PR HINL 75 75 50
WHER FEEEF N — P IEABUE R E A
B A% 1 T 15 5 5 Rk A 1 I 2 2 AR A R — b mT DAY
P R BRI R AR . RN T
78 B 25 U B8 B N R AR B R S 8 Bl R R B B G AE H
Ao e R et A AT DA B AN ATTHA A8 R K
A5 b R B 0 43 BT L S o o,

BT X5 R A 0 5 10 A ORI 20 A ek FRATT A TR i
2002—2003 4 /™ & 2 M IR 25 A fE  (severe acute
respiratory syndrome, SARS) [ 5 R 55 ) fi
TEKTTER. KA SARS IR 5 1 B R ML e AN RE
FESLES ERL AN AL, it LAXE SARS 5e IR
RIEEFRRRIRAL, JUH X HE F & SR 1
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RAE, BEWEPEM. Nk, BRI
G T —A30 kb B E T 5 NS AR 1) 52 Ak 45 A
R 2K SARS W g 7w PR 55 O, X — A )
kA0 55 R 8 7 385 IR 2R v B O g N B IR
/2 SARS JER i B R I i B IR AR, RdH
VIR S E E MMz ES S I U LS DR
& & MR R P B S S R O E LR . s
FPELE, WA T RIR E AR R B 3L IR
WEE MR EN FEERN T —, FFHWE
T A SRR ) (R 5 R AR AR FE R

74k, DNA A R @ AR vl T A4 7212
W7 1 v 4 BE BT R AL T 0, G T BT S SR U 45
A AEBON TR B % B (Hepatitis C Virus, HCV)
03235 9% 9 - (Human Immunodeficiency Virus,
HIV) 7 A G 2 e S e S5 2

5.2 CRISPRZARTERSRRMRBATTPIINA

R — MR TS EORM, FHE
F U R G AT AR E S, TR AR E
Hile —LHORMERE, WHIV, BT RRE
(Hepatitis B Virus, HBV) ] LL7E A& Py K i) 1] 7
16, JF B AR R AR B M BA 3216 3 9% RGN
S, 3 R B RSB YL (viral persistence) o IT
K, CRISPR HATE R 4bak 2h s 5L b 45 B 1 0k
B B R SR PR B IR, I AR M AR M B
YL IR TT W R T R

HIV 238 il N K G sis KGRI — Pl sE, 18
o EERILNARN R R G, BN A0 M G 5 A
WAPE, AU A DA IR AR 12 5, i H
YRR T 2 R T O A Ok T R . H AT,
BRGL T HIV R N BAKSE & Fh b 85 25 it 47
BIT. B2, XMTEFARESREHRAN, &
TR LR . HIV-1 5% S0 9 55 d o WL AN e B
(IEEPR . TH K HIV-1 75 B35 B 52 B G 4t it 1 2 23
RS RN IRTEE DNA. FRANRIFR T —
FUIRE 9TV, BRI — B2 RGN AR I HIV
ZIT VRS — Bl R A2 (0 25 W 0k 1k R G FN AR T
CRISPR-Cas9 [ R gmif A, Ri#H SR 2 R
18R TR 24 W) FE AR s B vE T, S U 2 )
FHOCIT DNA B, I o ol o % 240 e v 15 2 383 4%

mh, i ESNEIT . B 7T BAE A A SR R
PCR (nested PCR) . fil i X % & PCR (digital-
droplet PCR) % RNAscope $¢ A, K ILIEREZIHIT
JEWIS N, CETIEE/NRMME . HEHL
HBE R R A B HIV, X iR 5645 A R K
RFEHTFe, WU ST RIKG AR R Al B s —
BB GE,  SOEE AR T B R 2k ak, R e it
TH BRI AR 1) B K G

GO, CCRS s A 4 bt 1 40 M b i) — Fp
A, HIVIF 5 B0l 2 A N, o SR
P A CCRS AL HE UL, T84 HIV i B bk o i%
BEANYIAE . (EIXFPHT HIV R 2 W AN 1% 1)
@ NS NI A e b | SN 2B (S T €N
307 = Bt 5 2 2045 DA B Ab 52 4 22 = e SR 5% A Tt 7
YUY L, HRIE T BRI CRISPR-Cas9 71 i I
T 40 B A1 AL 48 B (hematopoietic stem and
progenitor cells, HSPCs) H14i%F CCRS 2k [K| i 1y
o HE 3] 5 S HIV R Sk Ibk 2 40 M s 1 i 2
B, BRI T A N B 2 eIk s A5 B e A
Gefift, 45 CCRS AL (4 40 i BE 6% 7E 52 A 1k N
KAWL 19 H, HRGE\ZEMEIER, H
YN PR E D, SR HIV R RO R, it
— BT, XTI IRIT VIR ER T CRISPR (1]
1T PR 2 A

BE 20194, i EMEAT AR SRR AR E 3
BRI AL TR S —, A LR 5 2
EFR325ML N, HEFHL 140 5T NI PG
it FRE R G E 298 600 F7 N, TR I
FHZ11000 75N, FFEL 33T NFET L ECH FF &
Yo S B T AR AL AN JE RV TR . R HBVY B
FlA SR EERAERIL+E, |
HBV 158 /2 44 a8k KA 2 —, XEHTH
AT (R I7 254 T0 135 B BUE HBV 75 T 48 M 4% A £2
SE AT AE B A S5 47 340k DNA - (cceDNA) 58 422k
W, TEAT IR T B B 25 R AR Ak SR, HBV
A PA4k 2 DA cccDNA AR, =4 A28, H=H
WAL HIL, BFFT N B F FH CRISPR/Cas9 % 4t
Xof 5% 1) 8% G 1) Ul 7L 30 0 I A B 0 AT R A g
Chen %5 " % 1+ 7 8 B & X HBV %: K 24 A 11y
gRNA, 7E %% 4 HBV iR 1) Huh7 4 ffg A5 7 i %5
T 2N E M gRNA,  FHRAE/K IR BN 1153 i HBV
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JBT R ) 7N BB Y B gk — 2B B T CRISPR/Cas9 %
i AT EI N & HBV 2 R4 1 Bk, FEA% /I
BRI R HBV R LR K F . 55— 7,
CRISPR/Cas9 % 4t th %% FH T X HCV iy 1 il o .
Weiss Al Grakoui 25 ) Ji it 55 5 4 55 70 B 74 22 1
Cas9#E M, AJLASR[A HCV JiEE, kI HCV 7E N2
21 ) S A

6 A W A R G M s T B v Y
ISAH

B RS 5 AR DT
S P SR LB AL R LRI RO T 9, D 7 i
B RS 7 T LB T — S o T T

6.1 TiERMEEREMREBRpHFRINA

TR 2 18] 0] DL A E Y R R, AR IRATT
AR T R P A RS T
RKEAZ 5 TR EZMAMFEILAE 1), BHE &R
PER) . X TR E S A KA R, JF
BE 5 2R ah A, T P R B T 8 S R Y ) 2R TR
RIB B A MEFPRER AT A Bt AT
TR AR T A A A B TR 1 SE G AR AR AL T R
Jevb g, W mT DARI R TR B e i .
SLONE = A EEL B 3G ST 1 (CAI-D flH
MFFHET 2 (AI-2), &R 140 f] F
Ko March 55 U My g 7 — P LR R AR K AT B
X LY PR A B AT DLUAE P AL-2, 7E B JE AT DL RR 4
A CAI-L; 25 1 8 L SN I 1) /) BRI o T
a0 A ] LR E RN R & . R
AT A8 B 9 TS I8 % 14 3 0 1) — i 48 5% 2R 1) SR
HPu AN, TR 5 T AS S R
SR AR, TR EIEATRAT N, XA RO
IEREE T BIAEAE, A T80 A = A fi k.

6.2 AREMFEREEPINA

G BE LIS T 42 il R GeVE R . ORI N SRR
AR R AR A BT B A REMER
B W WA TR RE, BT 2R

A (R LSRG, N TR IR R 2 et
B o T s iR At 7R i B
621 ALRFLRERGHEFGEA

FIR & A R T, st A 41 7 b gk 47 4
ERAMmEE. SEEHRANEGR, ARITH
VERE W B DR 75 SR AR SR A T Wi U7k . fildn, Xt
AR IE PR R AR E AL E R (CHIKV)
GE AL B T 7 A ) 20 B URL AR A ) R KR
Y, A CAHEPUE A s B R R IR bR
710 B P R B N RO BB R BE S I E0SE R & T
CHIKV &Y Hp£735 T oKk 1,

BEAh, DNA & Bl R0 2H 255 78 1 R S5 88 K
R EE Y AN T R AE T HEAE .
A KT A 8 B 0T LA IE I B AR 5 JE R A A A
B 555 M\ 1 B R IA 1 28 G0 ik DR 2 A8 A4 T sk 55
B4, 5 GCA|GAG ML, GCC|GAA i3 ik & 1
BARE, REWHEEBHRY Ala-Glu, X410 L
TR EERI R VER, HISS TR FE I RE ) A AL g
PR o TR B U5 8 B 2K BT AR 0 B 45 /D BR A it
TR R, HFHBREAE ARSI ebRE,
BRI A B A 631 ™ ik IRl 4H A AR A e AR 10 B 5 B A i
JR G Y A RS B I AT RE PR ARG . X PR AR A T
2 772 ] DAAR 2 At 0 I8 e M 5 e T H TS R 1 ) —
MG o HAD A T ) B R T A, R
5 7 A G 38 IR T o A S AR Ay i DR AT g R T
9% T RN AR P AR E 1 IR B IR R T R R
FH - H 04 8 £ 7 4 2K A e 1

] Al K 2 B Al i A A T i i A
W E TR R R R, PR TR Y&
FSCURCRE i B LA ORI S o Al ATT R 2 1k
H AT LR AR RAR A BRI R, K iR
o) 25 K] P 50 43 G B 5 B - SR AR 4 R S T, A
ARG NARA L f5 , A Re k47 58 B 1 2 B o i
B, IR T H B B B VR AR . BT
RS B o B A k. gk —2P
A2 3L B =B, R R B P R AR
BIT R B RG24, HHZ M E =BT
HOH m g se . 5 R0 T D BN LA =R
RAL PITARAT B A% 4t 0ok 55 05 0 BEAH LU, & ok 7
Jd BE Bk B AR VR T 20K JLE AL B AR Ak
e A2 ) BRARRRE, B B AR ) R IR A, ROR
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Pem TR A,

T [ R 2 B B B I T BT O HR SEE A
ST BN ™ B DR - B8RS 0 55 T AR BRI ) HY
THH ZIKV JBER T /N BE B IR 9% ) s
AT DA A T R AR, IR e A I R
P, FF BT DLBH ik ZIKV 3 i B 44 3 B AL 3R 4G 7
R FRBEEAIFERNA A5 N T 2568 4[] LR
A%, R JLFAS o] RE R 52 9748 21 57 AR A5 55
6.2.2 AL EmAIEGHIET A

N LR B A & A 0] DLPE N B, 38 B IR 5
FEHAR R AR . PLE AR 5 SRHEAT e A,
YT B E AR P T DA PR IGE,  — U G B AT A AR
Yo A B AR A A 1 B AR P R Rk £ B IR
Y, WS E R R NS, KZ90% 1A
FFN B ) A% G0 T3 i A T % 2 S s T 80 R T 1) o
HeAh, N TIRENH IE e RIA R — B 2 =R,
AT Ao — o BT L s SR A (1 SR e B i R B . B
FULTTIRE ™. ZEHRe B ™ S5 20 B B A %
B B T A B B

BRIV T IR AR E A E S E
K, WITKEE TR W A28 (T3SS) 1)
iP5 36 AT DA R R R IR L T 28 5 44 I i 5 11
AMBER (. Hensel 25 B9 B 5T 7 ¥0 1] B B0 1
77 By 9 5 1Y) T3SS 1 & et 280 87 £ 11 0] 458 7Y 71 Ji7 1) %
3 A0 G P B )5 AR . X SRR B [ SIfA
SteC. SselL. Ssel il SseF ¥ i 5 4 [7] — /> P9 44 il
FHOG 20 M 5 A5 2, BT R AT L
BB B S BNV B R AR B RE A R — R B
T6 MMM . FEARSNRT H, Ssed 1 SteC
RGBT T 20 D SRR B R LA T SseF il A
B TR T V00T K B AR N R
RAHT Ssed S SiIfAAL & A A BT KA RT
RN . ik, T3SSAFHIPLIRL#, HF
e 1 RN B RS A BR R TE A R VD 1T IR P T
1) 5
6.2.3 BEFREAEHAEGHET G LA

BRI ER e B, HESREERESE, B AAF T
BOERNAFIGEE. BErdat. 5 TR
MAESUR M, CEem NEASE TSR &K
b T R I ER AR R R R G, R T RS R B i
BEZ W T 20k A6 77 G 14 52 9 1 F 1) 71 U8

B WEARRE ™ &M AR
JE I A, R R R BRI O K R
T R OA R PUE M FE R AT ORI A B, NN
PR VPG e BE rp, O B IR X Pl A R SRR IR
EREPUEW RN, BARESGE. R %
A RSN . EAFHEEE ™ 0] DIE/N R
T8 Ry AR A R B, AT R IR T R T
P o BEXT R IR, TR R A R
W IR Je k% HPV 0, HCV BV, Jigis s 25 ©2.
DENV " FH 7Y 58 J85 2 HANL "% 2595 53995 IR A
BT 4 A R e MR, R T R B A 1 T A
W RORTEAT R ™ 5% B Y 2R R T
ST B S A

6.3 AREMFEEERRRIREIRBAIERE

YLD B A AR, AT R A B R
AAF L BT HE I RITE BB T, G A A
B EE . WIEARIE N S R P Y)
fh o BB HUE SN A% Qe LRI e —, B
S FAIAN L 5 A o AR S BB B I i 1) P i [
T BE PRI B HURE BRI, AT RE A I A A A
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P A% 76 o Fu S 0 P T I R e B R R
T U R A E OB A R I BRI T (ETAD
X A PR AR MR R AT LR RE, R A
U A 00 1) 3 i LA o, BRIV DY 3 3K A7 £ R 1 DL
A RETEAE o 1 VY I ER A R SR B Rl R SR P
HEPE AN RE RAT R AL o R I Al e 5 PR 1
SRR BIER ARG, RATHEVE ST 2B TR B3
b MEVESCT AR B AR, ARERE R, K
o BRI, XS PR b R By R A . e A
TACALTEZX MR, A EANT 2R X0 & 1n]
PR 2 FEAELS, S A BT AR

A FH 36— AT A T 32 DR I A7 R T 495 7 S 1k
BOUHE D B BOR 1 B Ah I B AR KOT =2 B T
JEHER . E oG, /N B A e 5 DR M IBE S8
HnT DAAEE, 5 B AR A i O B AR e S A 4
M, B KVE H A IR 45 2R R, PRI 2k TR
I 1L A G, BRSO R D T 80%. SR
H T T T s AN A B Y, L R XA e R
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(1) 5 A= B Usc 7, R St SIZ o 118 90 ) 280 2R AT SR A L Bk
1

KA T L R — AN & i 2 T3 SR
1% N D) G I 5 R R B R e AR R s I B R, K
P P DR DA TR 5 1 1 A% 32 4 B A b
HE R, T BN DI R TE R R A R AR — A
B A R R U EE T, SRS LA E B D) 2
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B HEG N7 . J@ i TR A HEG 17 51 4% 5
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B A S AR GV R IR T 5 T BAT
BiF, FEVRIT R . AR RGP . AR A
i AR . SR, B LA A
MR EYI R ST ik, FAER ] BIRRIG T
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