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Microbial promoter engineering strategies in synthetic biology
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Beijing 100084, China)

Abstract: Synthetic biology is of vital importance to the green biomanufacturing industry and sustainable
development strategies of our country. Promoter is the core-component of synthetic biology, playing a significant
role in highly efficient and fine-tuning expression and regulation of target genes at the transcriptional level. Herein
we summarized and discussed the key progress and future frontiers of microbial promoter engineering, particularly

for prokaryotic microorganisms. Firstly, we introduced the basic DNA sequence characteristics of promoters and the
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regular mechanism for promoter recognition and transcription-initiation by RNA polymerase sigma factors.
Inducible mechanisms for both negative and positive regulation were particularly highlighted with the typical lac
operator of Escherichia coli as an example. Then, effective strategies for obtaining improved-promoters were
summarized, which were roughly divided into two categories: endogenous promoter mutation and heterologous
promoter replacement. For the endogenous promoter mutation, the following strategies, e.g. point mutation toward
sigma factor consensus sequence, coupling optimization of —35 and —-10 regions with RBS sequence, random
mutation or saturation mutagenesis of UP element or spacer sequences accompanying with promoter library
construction and high-throughput screening were emphasized. For the heterologous promoter replacement, strategies
such as substituting the native promoter into stronger ones from other microorganisms, introducing phage-source
chimeric promoters, tuning the constitutive promoter into inducible pattern and integrating positive regulator(s),
were mainly discussed. We further sorted out the representative inducers for inducible promoters reported so far,
including both chemical molecules and physical signals. Progress in constitutive promoters of non-model and model
microbial organisms were simply summarized as well. Next, arising from the breakthrough development of dynamic
metabolic regulation and artificial intelligence (Al), we proposed that the innovative research on identification and
evolution of new and unique promoters with dynamic-response features and Al de novo design for promoters with
novel/superior functions will be the new frontiers of promoter engineering. Finally, we analyzed the challenging
scientific issues in the microbial promoter engineering, from the viewpoint of both basic research and large-scale

applications; and further discussed the research priority coupling with the vigorous development of synthetic

biology.
Representative promoters and Efficient strategies in
regulation mechanism promoter engineering
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Tab. 2 Some inducible promoters reported recently from different microorganisms with diverse mechanisms
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J B SR 45 AL
PUFR /K VEMRZIRRE  TOER T BERESE  Prer; % S EAK ; 24 T TetR FELIE & (1 19 47 #H L6 [47-49]
WSS
Bk AR FEIAAT A s RIAFE  eil AR FIE & BilA RIEE 70k 0% 5 W2 E A BiIIR A RUHEE  [50]
TR e 25 s SR L]
JRER Trf S 2T ER B s KMAT B 36T HucR PHIE & (A 10 Sl ML s 58 5 55 pBAD/pET RG24 [51]
0 5k e/ ZLER % ZURRBEIE F < 2 IE G 28 i [0 06 52 VA L ) [52]
FH S P Ik A
SN ZIBRE RHAL 2L Z0ERE 35T BphS-BphT P 4140 2 7o 14 10 1E T2 ML 1 [53]
e- O N Bt/ BEERTR  ALBR SR PnitA-NitR 245 01 s 85 2 3505 s 36 F NitR IE VIS AR IEVEENLE [28,54]
RWIRLDIES
JR& ANGRAREd:] Pnh,Pami, Pa2; 1T 1E 5% & O W FAE R E AL BRI ALH [14,55]
ES
B Z eI E s KA RS P3AF A 30T, 531 19 bp KA B B3 B 5 7 88 A & X fur IO X F [56-57]
VRS- et ki
Tk Yokl KB G R E B T BilR BB 2 (-4 907 5110 F O L]« 5 i S S5 AR A = R A0 58]
T PAEAVREE OB AT S S BRI R E I R ARA
WA B ShA KA s R4l % 8 T TetR X% [ 1% &% 19 1) AcuR/MphR/TtgR %5145 & 1 ; CdaR , #5 3t # [59]
O R4 SR TR 5 W 4 ol QT4 1 AR A A R P RS L 3 ) A SO R IE R AR LA 5
BTSN AR FAE T M IE L RCR
HE AN EAREE: YN bR SRR IR ZRRERER Giel, ) FUiEF 51 s 5 F RamB , BB EE A FUERHLE] [60]
i BB R P0405.P0435 #1P0038 i &4, 42 AL i = 1A [61]
SRR R R s R U AL s 6 5 92 R R T, P21 3 3 T-CymR & 8 1 25 = [24,62]
i/ ) 25 — gy T, PA3 )i 2l F-RolR i & 11
T AR L LI KIGFF RER L ULIKE 2 5 2 T PhoB LI 9 1L A #2411 [63]
YLK =R B IE R AMT 26 K 3 31 s B AR oR 5  s HL i R i [64]
[lisEasa KB BB B s vgb BB T snar JA 3T s W R SR A JR Bl e 3% [65-67]
R 5
ik pH B Pgas, ik pH %55 (pH2.0/3.0) ; %2 £ K1 Bh BE XU 1 5 A 13 [68]
EES =i KIGHF B s Wi 2E AT %5 pR/pL, SZIR AL HIE & (1 CI857 i # s P2 I P7 4% [69-70]
RiR(-15°C) Kt PespA 8 & Lacl S %5 : 2 & A 80 7, ™ IERIR A, pCold AR E 5 [71]
pET14 4124
fRH(-30°C) KA BEZARBERIT RS EARMAEYL 37 °CH30 cC™#RE . B4 [72]
AL
ot KIGAT oA s B B 1 45 10 AR 80 4% & 11 Cph8/OmpR ; YF1/FixJ : EL222 %6 (I6E S 6 [73-75]

T RS 5E
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W RIS SOE T, T = ARG RNA K
o AT (BUHAE ZF RITA) KRR, Th
RE 2k DR A o A 4 A L T T vk 5 N S
T 53— 7 10 WU 1 i R ST L 2k K] G
TRARR BRI A A (i K AP . BB
W, ETAEMEEEENTHETR, #iT8H
BT FA A EA MR N T HNS
Bt NLA&ME AN TTHfe N kit 5%
fiff g e o e

Blhn, Jiao & " B AE AWML Tl b B A
N R ARE A E M A AR, WA
R B AR i, R T AR
RIKFE A 3T P SRR, KB T H o iR A A
TR RS LigE Y X £ TR T 4L
B R BT R R —— s R I AL AR B
Tk, BER ARG XA RG PP R4, 3RAT 1 B
PR WA SR R 2 7, DL R i T R
BRI A R R IL R L T B . Trisrivirat % 7 R H
FAL HEms A R AL JT B 7, SEEL T AN
Fers BRI . SunsE RN AEMER ¥ LT
Hit /7 RBS it 5ifiig, MG Rsh7roldiE,
R T BT R I R IE T, IR SEBL T R
PR ER T LingE ™ i 1% BE 5 1 TATA-
&5 ORI AL R Y 5 R BE ML AR 5 ik, 3R
BT AE SRR BT IR R T B R
o Zhang % VBTGB, EHE T HE
PR R BN L& e 3 7 e, R4S 1 LR ) A
B 5 211 P70, HooR B &I rac JR BT 0 1.21 % .
X RBAT A 30T, Wang 55 2 B THLds 22 2] 5
%, ST KB F R R 31 1 ALK BEE . AT
e, EWEE¥ERTOEKZE X, B
KWNR BT TR —.

5 g LRERIFTATHY

B G R A 5N LR R L R PR R
HOR 2 (1 T B R BF T AE B B TR U B .
HA 2 2 AU 92 Th #e f0R5 R 5 30 7 R LS 22
& BTTERE R B T oTAE N TR RE U S A
742 )5 27 T RE AU AR B AT

HG, WCAEMBANARBME 2K, &

R AR ¥ LA K Ty R g ) Tk 2 B A I 18] 3R 4T ) &
O, SRR R A AU TAR SRS, R Y
MFRE CERD. mbRegsRE R 2T
W eE, BRI T, AT AR AR
PR A LE AN I 8] B o AR ARG R A, Bl A A
R =R R, AR T AR E b =&
B, TS BT AR T B AG REIEAEAE . ZhE
R4 8 2 (dynamic regulation) [ M 2 i 4 K B
BITAE,  HoAZ O AR R Lk B A 41 i e 6% I8¢ N 2] I
AR AL B PR SR BLEL B S I BN 5, IR Al
HR R, U A DA B R DA S I AR U 4 A% 1 B
A, AR HERE R TR SR
ARG — . SR TR T K 2 Sk
BN A ACH A s, e — A A
VA RS DIRE, o — 7 T B A $hAT AU i 42
MIDiRe. {EEHATCEWER ZFothd, K
R IE R MBS T SRR NE T ARG &b
FFREE O —FE, HRWT TN R RERE .
a1, Oztiirk 55 ™ FIR T XU 3 3 1k 520 (1 3 47
1| I NI S ) o AV I - T
Landberg 55 "™ JF K T —Fl L K 4 B A B 1rp-T7 %
KRG, AT LS AR R T 6 2 R Bl B S B
ERIHES, MiEREEREREREL HiZR
G L-22 R, MR R B RS TR I 22 R
1k #) 26 g/L. Moreb 25 ™ JF & T ¥ T E. coli
PhoB 4% KB IR R LIRS S H 8+, Be (e g 7%
FEEEFRENE SRR LIANEEBA B
S E P, A NEE ORI SRR B
ITHEBhmRE, WMSEI T A AEK S =&
fEFE P BE B 5 3 K s e . SRl
Tkegaya &6 ) 0 ) 38 T KRR T 40 40 R H
R. erythropolis N9T-4 [f] 8 F= 5t = i T YR = K 1.
Liang 5 "7 W I K 7 5T 7= ) & B DA K IR A Bl
BRIR W FE W B A AU 4% [0l 2%, S T A& BElE I
=77

R, NLHERETH ARk Z 19
BNt TR KMIIIRE. R LA, FIH
WLES 2 ) 7 ik N LA sh vt Al 548
HIAE FEI R e, JFEUS T RAEME B BCR
Blan, GnAr ATk, Wang 25 ™ kR T I F AL
ST R W W 581 JE 31 () AT Sk 15T HE B2 5 3% 12 il
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MR, sEE LN, KW, 70.8% 1)
AT N T3 3l 7 4B o] DU e B A 2, H 3L 41
5K AT v 5 2 DR 2H 7 3 AR AL R AR A, BN
KOG DT L], s A R H v g

B R BT # T 5. R, van Brempt 45
VU 3 A R 2 I 2 L RS 2 ) ik, R1E T R
BF P A5 RE 2 B A RAG R, B B
T KT o™ 3 8 7 1 SR IR . 17 nt 8
TR FA], LR R 2 AT B 3 A AR o [
TR T Zhao%s ™ @i WL #8233
Jiik, METAE 3665 N AFFHIMNTE 3T
I, FHsEFEARLE A B AN BE g, B aR)E
Bl F ¥ 5 335 1% 2 1 mmol/L PTG % 514 T7
TR L5250 B X TAE, BN AT
e T AE 8 B 1 TR AT R B 4 TN
FF Ui o

6 & #

i 5 [ AT 365 S5 R e ek ) o T HE 2 S R
IR HE R PD 75 oK, gt A W) 3G 7 ok DB AE 4
T 58T, & AN LR A kA Y T
R, QRPN 2 A 40 i B 2 AW i
R

FERAYI R, B SR 150 SEBL H b 2k P 1% 7
RIEW ARG, REERRZ ", Hah Tl
B FoKF IR RZ QI P BT R ) TR EER
SRR IS A & RED T AR R AR
H AL P EREE A RE SR EOR L R R
PR IET R A . AR B L AEWE B
Ty &N TR RS 28 O TO AN U (R R Je . R 30
TLRECEIE T2 NIEH Rt MR, HEF
I KB AT Bk e 1 FX) Rk 27 R L AT T AR A AE
B, B8 BT 4R R A A DR R R T
LI, R A ARA VR (Rt 5 58 K
5175 T R 21 10 55 B WS 9 AT 2R A RE T
A AW E A P F 2 R2 A
{1 A A 20l A 0 T ok 1) B AR B S i R e i . AR
JFE S R E AR T EE (R ER T
R 3 F R AR S PR B L R AR KRR R R R
3 A8 A S5 W) S A1 R R 3A (38T o PR B AR T

Fedl Wi s A A N E 2T
SYEESHHESMEI TR 7S HLH]
T 5 s N IE B AT AR TR AT T A A
PRARE, B A MR R AL T
75 350 A R S A B R AT SR AR T AT IR . 1
B, FEAN R BLAE P o J 2 1) LA T o 38 1 R
BTIEAZ W 28801 R P ) 9 AL B S i
FORRINIE D s 3175 & CRNAL #ZHE T
HERIR AR 5 55 0 A SE DA i 42 EE A AL -
i DR 2 % Ve T R B T A A% RS BT T R
N L2 40 1 A & BLK TG 20 A &% v 280 B H AR A
AU MR N TR RE M kit A 3 T
(K1 TF BRI T0 34 32 BR - T A 22k PR ST T L 2k
DR i e T 5 R R e R DA RO SR I R RE
R RE UL A T R A M R . 2, A3 7o fh i
Bl il 5 R A R P LR RN S L ek
WIES TR RO SR 7% S50 1
55 SR B ) Sl A B2 R BT Y RH
R RA B Ty B s S it B RE AL DK
G35 PE K BT IRDBT A JE R A Ja — Bt A
IR QU /B = =) B R I i e A= 1 s A R 0
Py 7% [ s osool

BE & 5 AR W) 2 I WE TR 508 B 2k TR e AF
SREHUE R A0 R AR 2 B M Sk it S B A
Y DhBe Nk G, AT AR, FE QR & A
FU, TR R BT R R R A R ok b
MIFE R, L3 BT ROk 5 T ) % A
MRS s SR g LTk Bh A% DK
rPERELN I ) QI 514k, R BRI
LFZDIRe LB A A RIT A m. REMA
T2 G A R G ) S B2 2 R B 8L A B A% i T
X, mAEY-eRE S A EYET AR
LW R G A EER . EYE RS AL LRSS

Zibprid, REhy TR, JCHERMAEY RS
T LR, K& AN S SO Y iE
BORMFFERRE R e, MR E s T, 3%
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