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Improved Binding Stability of Self—assembled Proteins that Form in situ
Disulfide Bonds through Bacterial Co—expression

Iji Yang

Department of Chemical Engineering, the Graduate School,

Pukyong National University

Abstract

Research on the utilization and application of biomolecular tools is being actively
conducted. Currently, there is a demand for excellent molecular tools that require greater
biocompatibility and stability than existing molecular tools. The self-assembled coiled
coil, which can be one of the candidates, is one of the motifs that are very abundant in
nature and has the characteristic that complementary coils are specifically assembled
with each other. However, self=assembled coiled coils can sometimes become unstable
in harsh biological environments, and rapid dissociation by dilution becomes a fatal
problem. Formation of disulfide bonds by cysteine is often used as a strategy to increase
structural stability by artificially inserting into proteins. However, due to the non—
specific binding of thiol groups, a complicated post—processing process is required
compared to conventional protein purification. Here we report a cysteine—coupled self-
coupling coiled coil that introduces cysteine to form a disulfide bond to overcome the
rapid dissociation of self-assembled coiled coil and is co—expressed in bacteria to
overcome the defect of non-—specific coupling between cysteines. This scaffold, co—
expressed in £ colif SHuffle®, formed heterodimers by self-assembly and then coupled
with disulfide bonds, showed improved bonding stability in vitro compared to wild—
type coiled coils. These results suggest that engineered self—assembled coiled coil-based

scaffolds can be promising tools in various biotechnology fields in the future.
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4, AdH
4.1 SDS-PAGE & Native PAGE

Sodium dodecyl sulfate—polyacrylamide gel electrophoresis (SDS-PAGE)+
SDS o oJsf xste He Adez 2o dwMds AVds= S5l

EA gel o] EWAZ w geide] BAR Ao weh Belgd 4 o
AA71"olH Native PAGE = SDS ofl ¢J3t denature 7} §lo] &HIE A

T2 Asde @ AERe] AskE ol8oke A9 Heltt. AU|dsE

polyacrylamide gel & WE+= ©A7l EasiH ohild A E dd=
T AR W2 TR gl = FFY ARFRE 7Kt ol ThilHol

7)) wet 2 4 AT B BES gl & Aokl st

92 4 itk Native PAGE 9 Z9ol 33 EAE wuig 1ao) 442
ol ATE AT & ke FHOl 9ow] SDS-PAGE o Aol
G2 AYY F WNIL FAY 5 U=E QMG BAY AH AAS
717t AR F ined AnE 94 "o
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1. 49 A=

E. coli BL21 DE3 competent A|Z+= AZ]="lA (Enzynomics, Daejeon,
Korea)o| A Fuistitt. Cloning © AccuPower® Pfu PCR PreMix &
ARSI vho] @ Yot (Bioneer, Daejeon, Korea)ol| Al <Fulistith Ni-NTA
agarose 2} polypropylene gravity—flow  A®E-2 Qiagen (Hilden,
Germany)ol|A Fufstsict. PD-10 desalting column 2 GE Healthcare
(Chicago, IL)olA Fufistaitt. NaH,PO,H,0, NaOH, imidazole, SDS—

PAGE loading buffer, 12|31 Coomassie Brilliant Blue += HFo] QA4

Ir

(Biosesang  Inc, Seongnam, Korea)ollAl —ufstdict. NaCl &= A&
(SAMCHUN, Seoul, Korea)o| A F-u8t 1l Agar powder &} yeast extract &
74 (Daejung, Siheung, Korea)ollxl sttt Bacto Tryptone + BD
(Seoul, Korea)ollAl FufstsAct.  Dulbecco’s Phosphate—Buffered Saline
(DPBS)= 9% (WELGENE, Gyeongsan, Korea)olA st 30%
acrylamide—bis solution 2= t}eldto] @ (DYNEBIO, Seongnam, Korea)©lA]
Tl kAT, Isopropyl B —~D-1-thiogalactopyranoside (IPTG)=
GenDEPOT (Hanam, Korea)o|A] Zlist3ith. TRIS—glycine—SDS buffer =
Bioland Scientific LLC (Paramount, CA)<l|A] —ufjs}<ict.
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2.1 Plasmid Construction and Bacterial Strains

ofE  MBD2(otu|lAl  211-244)EE=  ofAE  pb6a (oFn]keit  138-
178)9)(Table 2) FYE A Foo] ofidots FHA A9es duidd
A3 43t T7 promoter & 7FA|= pET21a o AUt pET21a-p66 a ~GFP =
pET21a 9] Ndel ¢} Xhol Atelo]l GFP-p66aS 4lste] A=

pET21a-C -GFP 2 {35t 2™, mCherry-MBD2 E3F pET21a 2] Ndel ¢t

_|_4

Xhol Atolof] A=A pET21a~C-mCherry(BIONICS)2 5}t

23 FPAWA Aol GGGGSGGGGSGGGGS otuliit  Hdg

5
3
[y

fu
{

7Feteal GFP ¥ mCherry ©] C @&l 6xHis tag = 4ot
T4 5 AAe &olstAl skl HH ot AAECA FEEdEe
SH71 918l polymerase chain reaction % infusion cloning = ©]&doto] C -
GFP & pRSF1 o 45t pRSF1-C'-GFP & W93ttt 1 & pRSF1-
C-GFP ¢ pET2la-C-mCherry & Fd2=2 ol  Site—directed
mutagenesis & AFSSll C2] 8 11 ¥, 18,20 I C o] 8¥, 18 H, 22 H,
29 W ofn|iAbS A|AHQIO R Z4ZF Zghsto] F o4 Ao FAE FUdS
Fdsk= HWHE A5k oY Zd-IFdHde ddst= HE
At Ecoli BL21 (DE3) competent A|Zo FAHIES st z+ HEHE
Adste] I HFE AFSH. A2HY E9¥e] FUd-JFdds
st e E AR SR 7 E.coli SHuffle® competent A|Z]

TERYABAe] TARFE At
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2.2 Protein Expression and Purification

FAAg = BL21 (DE3) tiAd AZE dudd 525 0.1 mg/mL &
249t 1A LB #ix]oflA 12 AIZF vkttt o] wE O] 4fjlo] ElH
455 2xYT #iA] (oA 0.1 mg/mL, °]5t 5o HE35to] 37CofA

12 A1 BiFAIRD & BA]l 2xYT HiAle] 1:100 o= S]J4AIA HFskal 200

m
g o A Idd §5=5 98] PTG & #HE 5% 1.0 mM ©] HE=
A7kt & Hby HiF & 4000 g 2AC=E 10 B B9t ARSI AHE
T

oz 75t -20T0] 5 Hygic

Mzol A A HAst7] el lysis buffer (50 mM sodium phosphate
(pH8.0), 0.3 M NaCl, 281 10 mM imidazole) 40 mL S =@zlo| H7}5te]
NZE HEF AAZH Lysozyme & #HE & 1 mg/mL & 7t &
4CoA 30 & Ax 3JA7IH 2ot Bds AegRieh. 11 F 8 & 5% 10 %

HASRE ZZuh EoE dstal thA] 10,000 g 2HolA 30 &+ ¢ 94

32
=
i
_I jur)
i)
o

w2 Adstel g@An Ax ArEs 26t

THAR Fede 2Her WS beads ¢ flow through & &E&trt.

Flow through = AA% F beads A& 95l wash buffer (50 mM sodium

phosphate (pH 8.0), 0.3 M NaCl, 181 20 mM imidazole)S F&3] &g
YaFH flow through 2 &2y et= 889 3% 280nm 7} 0.00 o] =

Hu

H7k2] beads o H2HH EE2 AT Beads 9F Z2¢hd wilES w

=85t7] #1all elution buffer (50 mM sodium phosphate (pH 8.0), 0.3 M NaCl,
-31-



=3 250 mM imidazole)E 500 ul. A &&F™ flow through £ micro
tube of 53ttt 71 & elution buffer & QARS8 (PBS, NaCl 137 mM,
KCl 2.7 mM, Na,HPO, 10 mM, KH,PO, 1.8 mM)Z 1 A|5}7] $sto] PD10
A4S PBS 2 A& & gildo] Soi3le 89 25 mL E ¥oiFal PBS 3
mL £ %] buffer & W75, Biodrop & ©]-85t9] 3% 280 nm O A]
2 H 89 FE A7 SAStL -20TC oA ¥ HEsith

PBS 2 B3}t H ProteoSEC Dynamic 11/30 3-70 HR(Protein Ark, UK) SEC
A4S AKTAprime plus FX|o] A7t wHido] zotHE g

22pm o A7 "Elz oFste] o 1 mL ez ZA™o| FATH.

o

% 0.5 mg/mL XX0E PBS & FUSHHA 7] &Ad wet £+

o
<
48 flow through € 250t Hygich
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2.3 SDS-PAGE and Native PAGE

SDS-PAGE 9] Stacking gel 2 4%= separating gel 2 12%2 AZx5}o]
A7kt ME & micro tube of @A 3 ug & E551] & & S/RTE
H7Foted 10 ul = 15 ul =& 20 ul 8oz 9Erh 5x SDS-PAGE
loading dye & 8ol 9] H71$H & heating block & ©]83l 95CoA 10 &

9t 713t Gel

1o
ol

of 27t MEE FUT F 150 V oAl 1 Az 30 £

—

Eol A7|AIZItt. o]F Coomassie brilliant blue G=250 0.1%, Methanol 50%,
Water 50%7F Z@H staining buffer & °©]-&3d] @43 & Methanol 20%,
Acetic acid 10%, Water 70% 7} Z3HH destaining buffer & ©]-85}] gel &

AHFTE, @A 7R 2080l AR A 1AZE 1 A7 % 28 At

Native PAGE &= 2|t 125V o] AstollA 2 AZF 52t 12% gel ol A A7 =] Qe
1% ZAfoto] Sl o] o3-S oIt
2.4 ITC Assay

ITC 42 =71z 0stAL A (7=, 2F) A MicroCal Auto-
iTC200(Malvern Panalytical) 2 ARg&sto] P =AUt A X2t PBS o 4]
40 uL ¢ C'-GFP % 200 uL 9] C-mCherry 2 A}-g3lo] A=t HA
AFE 9lall 2 ul o] C'-GFP & 25TCA 150 = 7¥Ho=2 4 %= FF C-
mCherry ©f 19 8 F¢5t2 MicroCal Origin 7.0 &AZE¥]
dolHE 243 N2 sptde4d +, Kpe 29 ek, 4H, 4S= 44

d=gn 9 A% AE=ZHo wWIHFE O .



2.5 Size Exclusion Chromatography (HPLC)
Superdex 200 Increase 10/300 GL (#}o]g]Htz 2o}, Seoul, Korea)Zd™d= YL
HPLC System (YL9100S HPLC) x| A4zttt PBS = ZAHS HILH=
A9E 7 S22 THEAYG o|gst ARAR ZAGE wude] mgd
buffer 0.22um o] A&z "EZ oFtste] ) 1 mL &Foz Ao
FUITE 75 0.7mg/mL £7AC =2 PBSE FUSHAA 280 nm oA SHEE
AZsto] 27] Aol et Belss Bude wUgYH
2.6 FRET Assay
S22 TR ogs AgE EAlshs TIEe) H% s} 200ul 7}
HEE PBS o sl4stal &= 4 ¢M °] HES ST ZF AES 96-well
plate 2 %71 & of7] oS 488 nm 2 IIASHL 510 nm oA e &
245}9ct. opdd 7Y-GFP o] Bhgl SUE B AYT (W9} 7 A
SUE O GBEB)E HEF T ol AL o8] W B oY
a&s At
ol 3% o] x| HE @5(FRET ef ficiency, %) = 100 x (1 ——)
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Linker

linker

Figure 14. Alphafold2 = <53t Fd-FFtid % a) C-GFP € b) C-
mCherry.
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E.coli BL21(DE3)ol|A WALt Ecoli BL21(DE3)+= T7
promoter & Fof AR THAo] g&AHQ HAL Mot ot AHAA=R
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AEE pET2la & AR AFES 7 F7HA] B Setan|E BE
t}% 224 Aro]EC] Ndel # Xhol Atolof| Brastiiz} sh= 235 thal g o
FAZF Age] AYEHAT. 24 ZdY A F C WHole Linker <
(GGGGO)x4 7+ F7H=9lon 11 Fl2 F@guldel Ndxt His tag o] 2=
A=

BL21(DE3)|A AR C-GFP ¥ C-mCherry & C ¥do] £A5t= His
tag ¥ YZA bead & Afolo] AdEE o8t XA A=ntEdHME 1 2

E AMEEE 89S ARgste] 94X o=
E2oa2 AAsK e of G whulEol Holul bdel FF= HIXA
2rsE 9y pH E Z2Et gFgdolty. 11 & & ol i

A=Z2ntE 19 (FPLC)
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4L 7HA+= pET21a ©f

3}

T
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T7 promoter
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tag
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/— His tag

pET21a-C’-GFP

Linker\

T7 promoter—\

pET21a-C-mCherry

Figure 16. pET21a~C ~GFP ¥ pET2la-C-mCherry & HE A
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45 kDa

35kDa

25 kDa

N

Figure 17. &¥d 9 AHA & C'-GFP, C-mCherry ¢ SDS-PAGE A3},
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=
T

St tH(Figure 19).

10.7 nM, A4H = -2.6 kcal/mol, 4S

| _
'L__'KD_

S Apolo] A ZHH 4]

=it C-GFP ¢ C—mCherry AFol 2]

|

52.4 cal/mol/deg, N = 0.7 o2 2%

111 o)At

rEIRE

S
ol

SEE

Aol 5% ol

A2l GFP ¢} mCherry

] C'-GFP ¢} C-

= EF
= ©o°

mCherry & A|ZE 5513t} Native PAGE ¢t ITC
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1 2 3 4 5
C'-GFP + + - - -
C-mCherry - + <+ + -

GFPWT) - - - + +

Figure 18. C'~GFP @ C-mCherry &5 2 27} A3 Native PAGE 23},
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Figure 21. A|AHIQ
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Reducing agent X

Reducing agent O

Figure 24. 3543 AAH]QL AZSH A7 2 ZY 9] Native PAGE 21},
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Figure 25. #% Mgy 35dd® Azded ASY At 28 299
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- 56 -



T8C & =Z7] wiAl AzutEldfu= FAstdoh. 24= A&str] A
SdAet dgAle EApgo]l £ ujgEe] Afolhty] wigel FUT

delstol =7 HiAl Z=rtEIHNE PSS FF S 8=l
g o] §EEch W2s] ol v w39 go|rt Agt dlEeact.
obd C'-GFP 9 obd C-mCherry §59] 4% Bln32 tehd Zlolo]

=2 ZYEHNe dolv HYAle] nmIe sidsle maeh dRfAel
]_

AARPZAT Figure 26 I 2ol oy C-GFP % o3 C-mCherry ©
8% BAo] v mEe] A9l FUT ARte] EE o EFA 9

SRt =Y £ SEHAT C-GFP 9] 3¢ 2717 2 E4F%0]

i
ot
2
ol
I.n
N
L
Hir
e
oz
HL
o
kL
ne
lo
i
=
>,
of
ofN
s
o
E‘
lo,
oflh
oX,
Flo
N
lo

w2 FjEls sty wiRolzt @Skt miAwez T 7ix|9] A4S
= 78

AsY At A 7Y

-57 -



ol

of #

5 o

o] OofX

]
(=

Al

1
j L

IEE

5]

ot

o

o

S|
-

[

f

5]

=

ol
o
or
ol
N
Njo

Ife]

B
or

~

o
oln
B

ol

nfxjuto i AJAEQ] 7]

ol

id

df

=
=

C—mCherry

=i}
=

3l 7] "hH 610 nm 9]

[¢)

A AThAQl Sz vepd 4 gk 488

1

-

!
GFP 7} 509 nm 9] 33 &5t mCherry 7} 913

o H ool €' -GFP

°

ot} whatA

=]
=

1

1—

H

}_

o] GFP oA H=4% 509 nm ¢ ooz ¢l

o ® BAh dupt 24

o
Te

&
nm A 7] =
1o

@)
o
AA
7}

Aol GFP ¢t opd C'-GFP ¢

R

o

T

o]

oF 90%o|4Fe] w2

- 58 -

LS
—

o] 19C-T8C
Jel of

o

SHl&

]_

£ olyA dg m&o] A== A (Figure 27).

a8 AMSHEY. 1 A Term 1
ol C'-GFP ¥ C-mCherry &

100%=}F A%

o

oF



Complex : Mnomer
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