28] wrakab

[O PN
-rr-r“%]’

’I_

—

d
7tg o

=

o

ate]ajo} 7]

NCEEN-YS
o] ofgoli} o] &, A7}

|

L.

]_
1

A
=2

9

SEE T R C
gt 7|yhgofolch. &2 wpelu}

1. 7le
O}7} LA}

3

2

2R SAoIUE FOoMHA|

E

o,

e
i

2,780 o =0

L
=

4o NAAZE #27F 2020 ol

th. ok 754 wus

0]
S

al

—_—
1o

T
Tor
oju
Br

]

o] ol A

=77h AAgeol gk,

~

%S

KT

I HEol &

SH
a

=

=2

molecular

folding landscapes
gtxo= 7
LR

=

=2
=2

.

ool 7ot of

2 45AAE AYets 2t

=

o}

o

S :
RS ASHA #7do] S Er & JiEFSE &4 rare codon tRNA

chaperon

<]

o —

B

e

ol

K
;O_l

],

S

),

[}

=

AraC),
o]z

|

L.

al
=

Z O

I

glutathione
CSpA
At (Lacl
2ol

=

al
Gibson assembly 51} Z&

A= Aot

=

binding protein,
al

o/

29H (T5, T7, tac, trc

maltose
rrnB terminator

pl5A

I ofyzl golden gateway cloning

LI

iy

cloningo]

‘;‘.
L

al
=

A1l

al
=
=
=

=2

a

L

HH

e At

1)3.

trasnferase ¥ NusA 59 g3 mHEY,
ligation independent cloning

transcription terminator (TO
replication ori (pUC, ColEl, pBR322

180

JJJ
1o

ol
"
oy
o
0
<]

e8!
el

=

A

o

=2

I, aggregation hot spot

714 ¥ E+= untranslational region (UTR)

o
[=}

|

L.

]_

[9)

e

[}

1=k



Erjgols sty 2 o] JEAel wHe P4 guEx gotn 9t So] =4
guido] ¥ S W (post translational modification)E]HY 2735t o|gkst Agto] 7%
Aow Fa3t 4%, olF fst 3ol gAY 2F2 tFdolA Tdste A2 =3 oHE
otk 2 oM tiwollA Hio] 27sstAY ofdthal d2iAl Qe oA £
shEoz Ja] Zgolx] ohe 4552 Vvt o) UMdsg H4EHoR LI EE
2 asfgtoem, o 7lute] olF &R0l B4 oA Ak 9s) Hg Thsd ARe
AFss Am B UL g
— —
Start codon Stop codon
AUG (90%) UAA (63%)
GUG (8%) UGA (29%)
UG (1%) UAG (8%)
L Gene of interest -
]
r—n
N-terminal tags —s" = —_F o
> B Polvpeptide tags equence for |Transcription
Regulator Operator gﬁ’s,-gmgsg tag removal | Terminator
- 1 — H RBS H MCS >— —
Inducible Strong Sequence for C-terminal tags
or ar tag removal Ly
constitutive _bWeak —*
Promoter
—

Antibiotics Resistance marker
Amp, Kan, Tet Cm Str elc.

F1 origin of replication

Origin of replication

pUC, pBR 322, pET, pGEX stc.

T.K Singhs et al / Process Biochemistry 55 (2017) 1731

|4
u2 gl

1z

Fiaa(nery,

HT—Q:].

Next generation sequencing ¥t
A2RE g 48 SAALES wFot

'"—':'o

transcription terminator,
o] dapx|m cheFstA &

AT AFARA 2IHY A A" Hf2e. ol &

AAF ERUA,

Ustel ArgHch



AlA, BAlE digdollAl Adto] of2iE Zlojet oA A AJato] kst B

of. 1670 ol=Fet A3 Z PS5t heterotetramer?] A= 1 F7]eF 124 E4/do= <l
off, &Aloll 4% P92 A#3t Fab, scFv ¥ diabody 52| FE|= A5 o|=fst 2

=
& B2 Holl 3 MEACA sk Aol FEEL JAATS). 22 MR HL
A Al(whole chain antibody)oll vlsl 7|50yt /45 GHS7] ofFil, A 4& &
H oAz el T2 et o|gdet AYZ ¢t molecular chaperon®] 7|50 ZQasgh
ouUx] B=} styo] z+ =a d"]gz Bd|Fojof 3= EAZ Q5] FXE(native

0
()
2—",

N
N

= o
structure) F7doll =2t EAPE ot o2t BHS SEAoR =557 ot AYA T
S AlEst =80 AASLS, 7=y A mAA ¥sE]s disulfide isomerase (DsbC)E Al
LA AP O =N, A et AlE & MREqAY olFet ZEFE=Y FLHIE
= sH2stT. g+ 22 ol 29 dds= sl 2 &9

A ZFAR, ol d4st7] s glutathione oxidoreductase (gor) @2} thioredoxin
reductase (trx)S Z&AIR £550] 85 Qo 224 o] & [{AIA 2oz hs
ofRl £EARN AebA &2 AL Zie SRR olge AgeS =A%t JHIE AF5H]
o Tt o]0 ol&tet A JHZ

B2 AASH A=A Al
Aol obd AEAOIA T WS SEstel Hulwgol ot BAIE slmstdo
, heavy chainy} light chaing 37 AP @ HARZ|H 7 7t

AAE eto] RBSE HiX|5}9] transcriptional coupling A7l &, ZtZho] ribosomed]| 2]s
Jo2 HAr 2 oXg|2S8 MASNtt. J22]1 Fc domain® remodeling(o}o] Al X]
2 o2} FeyRol 2% 7Issto glycosylation M= -2]5h= WS Albstith. &
rotein disulfide isomerase(PDI)Q} Z& A2 &40 F7isto] WHiAl Lx
of hgye BTk AwHoz UFRY olPet AW P PAA eI B U

S =
3 7AE Zhe WRO] AAo] Jbsate EWstel, TS WAl WALER

©]

T
%
ol
ot

2

R fob

S P (A 2
\ol 2
fu
ke)

o N Jn do B i A

2

~D

1
) |
- ‘ ) DsbC o
= IgGmis-om v 1Ed'lg$gaﬁl\;e a
= isulfide bonds
~ ( )
K b v Ebga v, [ D /
lac

DOl 10.1038/ncomms9072

M
LN

e g P ’ X
’ o] A
C S : B

ad 2. oA &Fgh A 2 "Ae, gigdola eFst FAS EHAIZ]7] Yo heavy
chaind} light chaing Ztz} ¥ste Aekat J&st o|&dst 43S sl DsbC & =dsti 724 2
DS of full-length2 WX HAhs Yepd A o]},



5
©]

“41%*?__"01]7\1 el o] 0]%}2} AYS A dHE] 7eA Ef=et viA
o}o] = Ak2] 9] 2Fo 2 (ysteineS selenidecysteine O t
HPEM]/\E“E QS&D} elenocystemeoﬂ 749, cysteine¥dtt Fe AtstaE -8 Q 15l At
9] MEAO FAX FHOAME diselenide bondS FHAIZ & Y= A7do] Qlct o]0
Arotsto] 3]4 ofn] A9l selenocysteines As3stst= A =S A 1)

bacterial strain A|Ato] Z o] W Qlct. Tt #d&oA BIAA ofu]keil3s AVEE ¢5l
&8 5|= amber codong selenocysteine® 2 Ws] WHWlAZ /st st HIOIAl A&
<, o|&et Z2¥S 7H B-lactamases ©]-&sl 0]AFZo AJEO] selenocysteines =Y
utdsle 2 R7AE o]EA4 S Hols)| selenoprotein Wao] Agst &2 s syt ol2]st
535 %}ﬁaﬂ st =2 olgsl Agol A olFAA] 4= A cysteing

o=

R|gtsto], o|=kel AZ diselenide bondz AT Q=4 THIAIO] by

>4 Mo

59
m[o
oW

et

4% 89 2700 48 HES Bolelgeh. oleld At diselenide bond EoE 9
Aol 7K 9 9 WMetols A RA YIS U5 hFE 4% 7Y AR Zgo]
5L BRI, AnHo NG F 5 AFSL SAd =Ysts 49, IS =
S olZeh AT EASHE BAT DMAS Ta ool HEA wdo] sbssinoz

.
9 75 AFS U FET GRS 2R 2 Qoks 2o Uk 53] prion
3

S| g e Yo g = A 01%'1}8) 0131 °P ”9}011/\1 A=
S425E AAESE prion proteing 4E/EdZ #Ae 584 SAARE A% Jhsdo] BuEQ)
t}. o5& 7HAHAM me]& (pathogenic prion strain;PrP*¢)o] AAb m2]2 (prion; Prp°)
P2 RSl B2 0189l bacteriaol | EHE el Wy m2leo] T a3 49
o

g_“l‘,
tlo
ofm
ol
=

i Z2S FuiEN FEsto =X S5 AlA
2 Busklth. 22y ndE 552 AYAket P Pscoﬂ 45 Bee=
grret dat AGAlE d
%’4?]7} theAl ERRTH. of= AP R mej2at & IYCOSylatiODOI = l’%*% =
© Aoz odHY, o= sCID FRJMTE FF

71E9] Baugof gigh 2AES AAIstL . of2fgh fA
AA Ee AT ans e 4 S dARIge A
d 2, 53] dEstolm)o tigh M2 A= AHTHE| 7194Z

v
=
”‘5{
w0
@
=
Q.
=}
2
2
1)
o
=il
i)
rr

ta%71 Al @) EE RS Holdol T w9 AR
of glol, 71z WEEe TRHOE MY & 9t WAL AP AF AVE HuHY
CF. obAl J|AGHA] 2astAE RHE AFAES] JpTolct. J]E] ABHMEE U AE



down), B3t J2& st Loj7ty 4/dst= WAl(bottom-up)o 2 AHH Mzz dY
g oJulofA QlE M=e} golstr] fE50H0). oo} Hlwal, 2018 th=A A AFEo] Al
2% WAA AZE & Ave AT A=ZS A gia 252 st olUx] ATP @482
s = 7he F¥gt AR AlE /9] photosystem  [1eF  dE|2]op  [efo
proteorhodopsing A, A=Y o] F744l nEZE2|ols st Qg Ax AJAF]
< Zigst Aolot. o]FA AAE QlE AxE Ast QF AZTf oto] YRIAIA Lut o7
ggol osto] Aaz AANUA|(ATP)E A&5A0=2 Aibstar, A4abst AU R|(ATP)E
ARg-5to] A”(actin)olets ZATMA S F4 &, o]F ol 242 F5H(FeH)E Ho
Z & Ot AJAMEES TS ). ol2st JIFAMEE= A¥E Nt D] FA5H=
OiAF AF&0F ~38sh7] ol 533 tiAL S22 5 2 AoRle 53 7|8 Edd AJARIo] ZF
+ cAder AHEE 2 Qv 2459 AAYE 7HsstH. o]+ in-vitro transcription %}
translation system ©] A|d AAZZ HojFo], sl iAo o) ofjst ZEAQ1 5
ARG AAl & 2 AS Ao AlREHT, AFNEE 3 THA TH2 XU & 1as Al

A”loz Aoy & Zloz ottt

(1) Activation of

photoconvertors

(3) ATP

synthesis

(2) PMF

generation

d0i:10.1038/nbt 4140

a3 3. ATAE Fxo BUHS B ATP YA AR, slae) AgAEet Fe) B 8ol
oot RES ZUsto] Ui E0] WaF ATPE AAE Fyeto] AMgSHE ABAE TRIE
ojt}.

A 89 opo]Zzutolgof tigh A+ Aubrt FA ] mep, iAo g 9 A
AR A AR tiEF ARl Al gEo], §Est A4S Zhe Qe WAl wio] A
st 28E = = Y 7leo] Q& o ot Vles Q4tohe dimAQl Fof
2 B fUxt2 olgst AY AW ¥ Ag Fopt ok A2 in vivo oA AUl [+t
% BP9l Lactococcus lactiss ©o]-&sto] WU U= Vibrio choleraes XITshil A
g5oh= 7]=o] /Y= o] 7|&2 V. choleraedl HHL/dol A S0 maf F7tetH, A
g BRNA SAlo] AA|EE Ao ARbet Aoz, 49 Fwo whef A4 FHVF FEE 4
A== AAIeE ol GES L. Jactisol =435, V. cholerae®] 1A 3 ZA] AXE &l



F+ NS ol &5ttt ol& s, V. cholerae 7t A4tst= A7F {FEQl
ARl Al-25 QAASH= V. cholerae -2 9F T¥iAIQl CqsSQ] ofuk T Bt L. Jactis
oA Nisin A4t QW5 ZAsh= HAARIARR] NisR#} 3 AFE5H= NiskKQ] 7t254 It

& TS AASHITE AlAte - OWAS L. Jactis o EUFC =M
V. cholerae A & 37t2 AP} LA} Al-20] 5%7F 71 4%, L. lactis 7} ol &

OIAIE] AlS(WhHE W 2 9l "t} oA MAFE L. Jactis= V. choleraeS 7453 2
A WO oy}t HadtEZ Aitor Agtsto] FAst AMdsHor V. choleraed A&
AXFOZA, in vivoolx Zeet YAAES IR A Askthe). et Uy 3,
AstH FZARE Yo Al &= Qe Aor whE ‘e‘%‘ AEo] Tastt. E3t, JUiAo
2 Aol £X] &2 MU= SolA F= Ystez AqFst | gog FEEojof i
o ==ZolA Aetet M V. cholerae®t L. lactis?} °”7ﬂ oA MREt= ol ARt
5to] probioticsE engineering@at 0. 2 7|&£9] EA|50] ZE 7Ms5TS HAHF9

=0l ozl oA Falist el @Az e {RAA Sl25 engineeringsto]

=25
OFE bacteria biosensorg A4 4 9= ZadH|Z TrEo] X £E S At 12Tt
HuEQlth o] =7 282 ARl s AE+2RH ¥ hemes biomarker
2 QlX|sl= genetic circuit PFSQICH o] SAAL dl2e HAX A L. jactis2HE] S5t
heme-responsive FAFIAFQl HrtR repressoro] 25 &€3lo] AAE| =S AASH Qg =2
SEQl Pluroy OFfo] YUY lux operonyt heme9] N=ZA 248 QIst Escherichia coli
0157:H72%E] Se2fist ChuA 9f Tuidlg et Aupdoz o] §MAF 3|25 7= 0]
BE F9o hemeo] EXjst= 4%, ChuAod] ol Mzd=z #%% hemeo| HrtRu}o] ZAgt
A lux operon Walslol WA Ak, oA AT we AA agg £5) hemeo] &
2 9B HAI7|2 A45t0] AR|ZFCZ in-vivo 582 &9l
4)13), o]t bacteria biosensor= Arg 7|AHS A¥ XIcho]|gf %?_}6}7\
o II]»Eq- H}o] @ 9oJoFZof sfigsts THIAl AAtup M= bS

of 238 7Issttte AoA Fash Aoty &

| ?%1 74*01] 7:‘4
¢l AT A 2E SA

Analyte molecule

Semi-permeable barrier

Synthetic bacterial sensors

Wireless luminescence readout electronics

doi: 10.1126/science.aas9315.

a3 4. REE 74X §AA HPs|2 2 AU bacteria biosensor BAIE, AEHIX S
Q5] A3 2S5 = U3 probiotics?] 7R £} o]S 7B4&35lSt bacteria biosensor B AT O[T},



T wrslah R s)E0] UvbAel Meke FYAQl W AJAH] @Al BE
o AESAY Jjs] LELo) Wake fEspAL, B4 SAA AAIS ABFetE £8 W
olF Sl Wioly Jl5o] ANY AAY TMAS ojut WS F2 ol &Yt of
e HZse we 4BA Ause uusi, A2E WHASE A7 Fopj 9o £2E
F4sta otk st|gh WEl2jobs 452 ol8stt MR BN TEAoR S5t
Al 25 P9 UR|Sol EAstAth. %A A& AT AT 5 Amuu, oleg 2AY
S tjiio] I Jbug @42 Ao} Aok REEZ ffo] Wt Ao AlY @
G ol Aol Wkl BAIS sFstgon], yu BAd |5y 2842 14
2 AAT 2 9t JI9g AAISYY] GBolch ol2jgt MASS o welzjo}, S3] of
RS Aol WAR sHe RE TACl A 452 o|&§T Zol WA UL /o £
of. ChZ 15580 Joln] FAAlE by BRE FES AstE WAL utEejote)
8= o] Wt

1) o] At 2014 BAATGHA = E AAR§-4:2015.

2) Rosano, German L., and Eduardo A. Ceccarelli. "Recombinant protein expression in
Escherichia coli: advances and challenges." Frontiers in microbiology 5 (2014): 172.

3) Singha, Tapan Kumar, et al. "Efficient genetic approaches for improvement of plasmid
based expression of recombinant protein in Escherichia coli: A review." Process
Biochemistry 55 (2017): 17-31.

4) Rao, Shilpa J., Sangeeta Chatterjee, and Jayanta K. Pal. "Untranslated regions of mRNA

and their role in regulation of gene expression in protozoan parasites." Journal of
biosciences 42.1 (2017): 189-207.

5 T84 A& A MY s ARt (F Aetehra) 31.2 (2011): 23-33.

6) Robinson, Michael-Paul, et al. "Efficient expression of full-length antibodies in the
cytoplasm of engineered bacteria." Nature communications 6 (2015): 8072.

7) Thyer, Ross, et al. "Custom selenoprotein production enabled by laboratory evolution of
recoded bacterial strains." Nature biotechnology (2018).

8) Leclerc, Anne, Fernando MS Tomé, and Michel Fardeau. "Ubiquitin and B-amyloid-protein
in inclusion body myositis (IBM), familial IBM-like disorder and oculopharyngeal muscular
dystrophy: an immunocytochemical study." Neuromuscular Disorders 3.4 (1993): 283-291.

9) Kim, Chae, et al. "Artificial strain of human prions created in vitro." Nature
communications 9.1 (2018): 2166.

10) Xu, Can, Shuo Hu, and Xiaoyuan Chen. "Artificial cells: from basic science to
applications." Materials Today 19.9 (2016): 516-532.

11) Lee, Keel Yong, et al. "Photosynthetic artificial organelles sustain and control
ATP-dependent reactions in a protocellular system." Nature biotechnology (2018).

12) Mao, Ning, et al. "Probiotic strains detect and suppress cholera in mice." Science



translational medicine 10.445 (2018): eaa02586.

13) Mimee, Mark, et al. "An ingestible bacterial-electronic system to monitor gastrointestinal
health." Science 360.6391 (2018): 915-918.



