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CHE BRI AREEBE 1 200438)

B AHEARMASEA, BaEIO0E A (GFP) S il — RALKY HEME MR RBERSAHMS, B
I RALRE S A BGFP-SA, I DL N A W) R 2 1 A 43 AR R, [, it IF 5 B 1 AR Y
B A 7> ¥ RhYBio,, IXECR 924 E M 200 1 REHF S IR LS A AR R & S H P YSA, IR 2L R —
RALRL G H 1 GFP-SAHEF IR A KL, IS XK L@ W A h B 2 FIBSr 7 — 5%, i —PUAE
IR G H BUROR B SR 3l DG T (DLS) X HoRLAR K a3 A iEAT 73R AR, JFH HIE 5 it 5 2B (TEM)
IO I 5 AR 1 3B (confocal microscope) MLEE T ARG ARIE S, M A ROK3S, HOESM I B A

BRI T,

KR ReER, SOIOLER, AH, POk

B 7 T AEIEORIT U IR R, A
IF) T e 1) 1 4 SRS i MU EAT BE T ORI 4%,
A B & D RE I il 5 3 H (fusion protein) L
RN Z N, ZITEIEIE DNA R RILHOR,
732024 B 2 A H R T RE B N K R IA ™ W) (R A
JR), AEFFHT T RO T R BEXT AR A AT &
R, RS B B RSN T — DA
JC. A A R A D 2A S R 2 R R
Jot, A b T 2 R S5 B ) BB TR i
AN — D BARF S AMB R, AERA 2K
AR B A EOR, W R AIZRGE HBAT 20 (51
ZRETRI H e, #Emals B 2 o6
PR Y R E BRI, T i R R R R
R AT RERT DL OR B B I A 1 s (1 AR )
e, AMEEIRA TR T — A F R IR R B PR
AR 2, T IR T 34T —Fh3RAG et
FeHEAR.

VAR R 2 18] AR AN AR LA R M S R
FLR AL A D), B AT A AR
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SRR 38 A R B 4R OB A 1
LB . HRT, BTSRRI FZ RS 15 2] 1
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HAURKZ L, 08 T T AR TIRE, f£4
WEFTH, BATIERE TARRIRM . LBt HsR ol
Rl E B AR AR R T, M2 E
FEIEO VR SR SEBL R 1 5 e M 8] 1 B 4.
Azt s 7 BATVOCRE R AR & B

o
ZIN

N

SA, FFLLMAE N ARSI A3 T, ik
& R T BLARRhY Bioy, B AT I RS>
T S5EEE P SARR RIS S, FINF R
R PHBI R A, & 3R1S T T GFP-
SA/RhYBio, FITCK IR ZE 1. F 3% 5 HE 7k
R, BOCH R RME SR TE, WAL TR
FoOLR AR AR H A MRS, R
THEHARENH.

1 SCISESY

1.1 FEER

T I B (99%), 3,5- % 3L K R H S
(99%), LA LA ERERBARAR, B
s DY H BE(99%) 40 & (99%) Bk iR 4
(99%)~ LA (99%), LA I H EZ4E B E
FRAH].
12 RUEF=E

FIHI SDS-PAGE HL Ik 1 % (Bio-Rad A ] [ HL
VKA S L 2 HLUK A 4 R B R R €4 3% SEC

(GE/~ Al f]Superdex 75 Increase). HefiRiZ % itk
(GPC)XT 2 [ Joi 41 F F 56 B2 R 35 2 47 R AL

SEC5 GPCYy LA 2% 1 ¥ ¥ (50 mmol/L Tris-HCI,
pH 8.0 NUaNAH, 7E= iR NllE & AR RERS
FIorFaEs SRR B0 AR - B BT
PEA(FS: 5800, AB SCIEX). 400 MHz{#H 17
A e A% W 3 R B A (B 5 AVANCE 11,
Bruker), DMSO-dg A% 55, TMSH M bR, X
AT S5 K 4 B s R SR 5 B (B S
Malvern ITC 200) 7£25 °C%fF N ek 55 A
JAH EAREH s 38 I G0 KR -Zeta FEA 73 T AX 4%

Q _TEG, DMAP, EDC_
\@ DCM, 0 °C — rt., 24h
/\N

C

(45 : Malvern ZS90-2026). %5 i 1 TR
5+ Philips CM120). OG5 £ B flss (B
5: Nikon, A42)RAERNE R RMITEIL.
1.3 E{FRh4BioBI AR 5RIE

W PR S, AT N,
F—ui NS FHB, HE A3 EE R
SAUBE T B2 A L A Rh4Bio(Th & 1182). & H ik
LUNE R, FEARA RO .

13.1 LS PSIE K

#RhB (1.00 g, 2.00 mmol). DMAP (20 mg)
FITEG (1.22 g, 6.20 mmol) & T L, n
ADCM (60 mL)#i 3, VK30 min. P [l FEH
218 I AEDC-HCI (0.60 g, 3.20 mmol), K&
2 hE KB B RESNFE24 h, R MgiR, H
HIFIKHSO, (10 wt%o)KIFRGEE X NAR R, BUH
MU T iy Itk 4s. 2Rk AR IR K 70 58
(V(DCM): V(MeOH) = 20:1), 1548 21 (A IR [ 44
S1(0.76 g, F=#55%).

'H-NMR (400 MHz, DMSO-dg, d): 8.30 ~
822 (dd, 1H; ArH), 7.98 ~ 7.80 (m, 2H;
ArH), 7.54 ~7.46 (dd, 1H; ArH), 7.14 ~ 7.04
(dd, 2H; ArH), 7.04 ~ 6.94 (m, 4H; ArH),
4.64 ~4.54 (t, 1H; CH,), 4.12 ~4.00 (m, 2H;
CH,), 3.74 ~ 3.56 (o 9H; CH,), 3.54 ~ 3.35
(m, 12H; CH,), 1.34 ~1.10 (t, 12H; CH3)(.
B SCRHE BIEIST).

132 fLEWsS2ia

¥ A& ¥S1 (020 g, 0.31 mmol). DMAP
(25 mg)FBiotin (0.08 g, 0.31 mmol) & i LI
H, JIADMF (15 mL)#E R AR, VK330 min. F
)44 22 22181 AEDC-HCI1 (0.12 g, 0.61 mmol),
VK2 hig drT ik 2 2 5, GRS iid24 h Fi
FESERL, e 7% KA T-DMF, I ADCM
(40 mL)FHIAIKHSO, (10 wt%)/KVEmses, B
H YU Tt e, 13 DR AE((DCM):
V(MeOH) = 10:1), 75358 (R [ 14640 & P82,

R
O

B10t1n DMAP, EDC
MF 0°C—rt., 24h

Fig. 1 Synthetic route to Rh4Bio
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RIfc/ARK4Bio (0.12 g, 7=Z50%).

'H-NMR (400 MHz, DMSO-d¢, d): 8.32 ~
822 (dd, 1H; ArH), 822 ~ 8.12 (d, 1H;
NH), 7.98 ~ 7.80 (m, 2H; ArH), 7.55 ~ 7.46
(dd, 1H; ArH), 7.14 ~ 7.04 (dd, 2H; ArH),
7.04 ~ 694 (m, 4H; ArH), 6.89 ~ 6.81 (d,
1H: NH), 6.46 ~ 6.32 (d, 2H: CH,), 4.34 ~
424 (m, 1H; CH,), 4.17 ~4.00 (m, 5H; CH+
CH,), 3.74 ~3.58 (q, 9H: CH,), 3.58 ~ 3.33
(m, 12H; CH,), 3.09 ~3.03 (m, 1H; CH,),
2.85~276(q, 1H; CH,), 2.62~254(d, 1H;
CH,), 1.70 ~ 127 (m, 6H; CH;), 1.27 ~ 1.10
(t, 12H; CHy)(WLH 3 H¢E S IES2).

1.4 FER{ERhYBio, I & 5RIE

Wit I A T BCARY Bio,, X2 — 45K
BREFREY” /N F, TECY” T 5 %
BNEMR T, Y7 R BB E L BE A N
% LB FHB. fE2 NV R 0 T 2 WA 28534

TsCl, NaOH

THF/H,0 = 3/1,
rt,12h

HO/\/O\/\O/\/OH

S3

NaNj, KI

A0 O,
TsCl, AgNO,, NaOH 10 3 30Ts .
DCM, 0°C — 1., 20 h DM, 40°C, 24 1

oo o”

S6

HO. OH ,
HO SO ™AOTs N \E?/ DMF, 75 °C, 24 h

HE RO ESE, BT EN TR,
fETRCAR T 2NV = 745 B SARINL L (&
24 EIS1T). A U R I ER2 BN, TEAHI A
BRITA0F.
141 AEBWIS3E AL

#NaOH (0.50 g, 13.33 mmol)¥& T £ B 1K
(20 mL)H, I ATEG (6.00 g, 40.00 mmol)
fJTHF (30 mL)¥& W, VK B HHE20 min, FE
TsCl (2.52 g, 13.33 mmol)iA# T THF (30 mL), 2%
IR FR. 0 N 58 HE J AR SR R 12 h. £y
SNVZESR,  F e 28 KA %A% &2 W THF, ﬁﬁu
ADCM (50 mL). 4 X F 1 AINaHCO5 7K ¥ 5 e 5%
3R WA KPS, BT k.
ik AR AN, 150 E I R AS3
(3.56 g, ZH89%).

'H-NMR (400 MHz, CDCl;, 6): 7.89 ~ 7.78
(d, 2H; ArH), 7.43 ~7.33(d, 2H; ArH), 4.26
~ 415 (m, 2H:; CH,), 3.80 ~ 3.70 (q, 4H;

HO/(\/%E?AO\/%\OH
lided

S4

K,COs, KI

i

N 3/(\/O N 0\)§\N3 LiOH
MeOH/H,0 = 1/3,
_ 0 °C —r.t., overnight

(O e)
S7

0 o
Ns/(\/ 3 \/)5N3 HZN/(\/O3 O\/)ENHZ
\/)\
__ S1,DMAP,EDC _ oj H,, Pd/C o Oj
o It

Biotin, DIPEA, EDC HN/,,Q-“‘
DMF, -14°C - r.t, 14 h

Fig. 2 Synthetic route to RhYBio,
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—,%‘ YAN
CH,), 3.69 ~ 3.56 (m, 6H; CH,), 2.55 ~2.43
142 LA WIS4HE L

5 T
(s» 3H; CHy)(JLIH ¥R EEIS3).

$83 (2.54 g, 8.31 mmol). 3,5- - FRILIKH
2 H g (0.63 g, 3.74 mmol). K,CO; (1.56 g,

CH,), 3.67 ~3.58 (m, 8H: CH,), 2.46 ~ 2.41
(d, 6H; CH3)(WLHLF>CHHE EKEISS).
145

A WISTHIE Y
11.23 mmol)FIKI (0.30 g) & TR JEFef+, N&E

3V B 1 . 1 K T R4 A DME
L

#S6 (2.00 g, 2.70 mmol). NaNj (0.42 g,
6.48 mmol)LA }2 KI (0.20 g)hll N\ & N
N, B H#e3 K. AETKITCE KA T HEDMF (80 mL)jN

(80 mL)IMAZEIR R, 75 °C FHEFE24 h. £ M

ie2:DMF, JIADCM (80 mL), kiK%
BT OKPRSR3IR . MR ShoK Pk 3 k. BUE LA

T yE, T, STk LR, R
BB FIRAASA (1.40 g, FRE86%).

NZE RN, 40 °CRHEFE24 h. £F [ B 58 il
'H-NMR (400 MHz,

J&, {EDMFJiE T3 ADCM (80 mL), K2
%

B KRG AN ER KRR 3IR. HUA LA
T, I UEAE T B E 15k R 0 B R AR
S7(0.78 g, FEFE62%).

CDCl;, 6): 723 ~
7.16 (d, 2H:; ArH), 6.77 ~6.69 (t, 1H; ArH),

420 ~ 4.10 (t, 4H: CH,), 3.91 ~3.88 (s, 3H:

B SCRHE REIS4).

CH;), 3.88 ~3.82 (m, 4H: CH,), 3.76 ~ 3.67
(m’ 12H; CHz)’ 364"’359 (m’ 4H; CHz)(y_ll_;

'H-NMR (400 MHz, CDCl;, 6): 7.21~7.17

(d, 2H; ArH), 6.72~6.68 (d, 1H; ArH), 4.18
~ 411 (t, 4H; CH,), 3.90 ~ 3.88 (s, 3H;
CH;), 3.88 ~3.83 (m, 4H; CH,), 3.77 ~ 3.64
(m, 12H; CH,), 3.42~3.36(t, 4H; CH,)(JLHL
T HHE EES6).
146 ALGYIS8HIE N
143 ALEWISSING #LiOH-H,0 (0.65 g, 15.54 mmol, 10 mL)
YA ENO, (3.27 g, 19.26 mmol, 20mL)
5 NaOH (0.77 g, 19.26 mmol, 10 mL)/KI&E ¥,
HK NaOHZK I IZ 4 I N AgNOs K IE W, $i
F£S5 min. 57 V58 5,

KB EMT (15 mL)E S AN 7855
30 min. 87 (0.75 g,

VE A

YRS BAE A, JRHE
BT KBRER3 K. a1 R 28 J s TR Ak
H12h fJa 19 B EE A ARSS (1.83 g, =&
82%).

vk
(15 mL)FZZ 18 ISR A, BEFE S Bt 7.
i ] B 5E HE

[Je= )

1.55 mmol){# T MT
Bk RNMTZFR, i ADCM
144 ALEWIS6INE
'S4 (1.40 g, 3.24 mmol)FIS5 (1.56 g, 6.73
mmol) & T M H, MMADCM (50 mL)#i #:,

(40 mL)JFJHKHSO, (10 wtvo) /K ¥ AT 4 R pHIE
VK30 min. FEETSCI (2.02 g, 12.96 mmol)i& T

WE3 WERGEANA T, LiEAFmT, 5
OB B FASS (0.64 g, 7F88%).

'H-NMR (400 MHz,

CDCl;,

5):
723 (d, 2H; ArH), 6.77 ~6.72 (t, 1H; ArH),
DCM (30 mL)JFF22 123 N & [ N . 4k 2ok

4
2h, BT EERGHAEI8 h fFRMEH, K
AR UE, P A HURRK O L ATINaHCO, 7KV
TRVEER3IK . WA HoKBER3, AN T

7.26 ~
W SRR T f5n 19 B R (0l W BB A
S6 (2.10 g, #88%).

420 ~ 4.12 (t, 4H; CH,), 3.92 ~ 3.84 (t, 4H;
CH,), 3.78 ~3.73 (m, 4H; CH,), 3.73 ~ 3.64
(m, 8H; CH,), 3.43~3.36(t, 4H: CH,) (JLH
F 3 HHE B EST).
147 ALBWISOG AL
~ 7.16 (d,

'"H-NMR (400 MHz, CDCl;, 6): 7.83 ~ .56
(d, 4H; ArH), 7.36~7.39(d, 4H; ArH), 7.21

#S1(0.84 g, 1.28 mmol). S8 (0.60 g, 1.28
2H: ArH),

mmol)FIDMAP (10 mg) & T [AKLHEH, N, B
3R AETCIK T KA T I ADMF (45 mL)# 3%

fif, VK30 min. FFHARHIIAEDC-HCI (0.26 g,

6.72 ~ 6.65 (t,
ArH), 4.19 ~ 4.14 (t, 4H; CH,), 4.14 ~ 4.10
379 (m, 4H; CH,),

1H;
(t, 3H: CH,), 3.913.86(d, 3H: CH;), 3.84 ~

372 ~ 3.67 (t

1.28 mmol), K FHEHE2 hE @ # T+ 2 = 5 F
4H;

P24 h. fFMNEER, {EDMFjiET, I ADCM

(50 mL), & &k FIKHSO, (10 wt%)7K V& 7 1% 5%
1R WA S K3 IR, BXDCMAH T8, i€
=N

. 2k LR B, 1R IR A
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S9 (0.65 g, F=H46%).

'H-NMR (400 MHz, DMSO-d¢, d): 8.27 ~
821 (dd, 1H; ArH), 7.95 ~ 7.79 (m, 2H;:
ArH), 7.53 ~7.44 (dd, 1H; ArH), 7.10 ~ 6.92
(m, 8H; ArH), 6.83~6.78 (t, 1H; ArH), 4.37
~ 428 (m, 2H; CH,), 4.14 ~ 4.06 (m, 4H;
CH,), 4.06 ~3.99 (m, 2H; CH,), 3.78 ~ 3.68
(m, 6H; CH,), 3.67 ~3.51 (m, 21H; CH,),
3.49 ~3.43 (m, 2H; CH,), 3.40 ~3.34 (t, 6H:
CH,), 3.31 ~3.25 (m, 4H; CH,), 130~ 1.10
(t, 12H: CH;) (WLHT3CHHE B IEIS8).

1.4.8 fLBWIS100F K

89 (0.65 g, 0.59 mmol) & T [ M+, i
AMT (20 mL)$iHE R, Ny EH3X. Ffk R4
TENAL K (20 mg), N,E#3K. HH, 78 NS K,
UH, S BRSOV AR RER, H B3R, %Ak
RGN 18 h, £ ML, ETEKT
A TRAIERR, RIS R R 574 BT
FAMIE, ETKTGAEFAM T HMTHIIE 2% B
MTH$ 56 B Ja i TR AR &R PR AR IMT F i 2240
JE IR, B A1 R A IR E 14810 (0.53 g, 7=
85%).

'H-NMR (400 MHz, DMSO-d¢, d): 7.80 ~
772 (m, 1H; ArH), 7.68 ~ 7.60 (m, 1H;
NH), 7.55 ~ 7.44 (m, 2H; ArH), 7.40 ~ 7.30
(m, 1H; NH), 7.26 ~7.16 (m, 1H; NH), 7.10
~ 7.08 (m, 3H; ArH), 6.98 ~ 6.88 (m, 1H;
NH), 6.86 ~ 6.70 (m, 2H; ArH), 4.37 ~ 4.28
(m, 2H:; CH,), 4.14 ~ 406 (m, 4H:; CH,),
4.06 ~ 3.99 (m, 2H: CH,), 3.78 ~ 3.68 (m,
6H; CH,), 3.67 ~3.51 (m, 21H; CH,), 3.49 ~

N 3/(\/0 O,

H,, Pd/C

343 (m, 2H; CH,), 340 ~ 334 (t, 6H;
CH,), 3.31 ~3.25 (m, 4H; CH,), 1.30 ~ 1.10
(t, 12H; CHj) (JLHF>CRHE B EIS9).
149 fEWISIE

#4810 (0.30 g, 0.28 mmol). DIPEA (0.3 mL,
1.68 mmol) 5 E# 2 (0.17 g, 0.68 mmol) & T Jiii
M, NE#H3R. LKL AFKM T IIADMF
(30 mL)i #L A, VKERIA (—12 °C) 30 min. F[7)
& Z I NEDC-HCI (0.13 g, 0.68 mmol), N,&
Bov, UKEVE FHRE2 hE, BT 2 R R4k st
FE12 he FF R 5ER, 44 5 WDMFZE R FF
ADCM (45 mL)#f#, FKHSO, (10 wt%) /K&
¥k ZpHIE W 224, Vel /5 IDCMAH 1, i &
i1 B2 e W i (= e LR = &~ SR YN RN
S11, HifidfARhYBio, (0.11 g, 7=326%).

'H-NMR (400 MHz, DMSO-dg, d): 7.80 ~
7.85 (t, 1H; NH), 7.80 ~7.74 (m, 1H; ArH),
7.55 ~ 7.45 (m, 2H; ArH), 7.10 ~ 6.99 (m,
4H; ArH), 6.80 ~ 6.75 (m, 1H; NH), 6.45 ~
6.25 (m, 8H; ArH), 439 ~ 433 (t, 2H;
CH,), 4.34 ~432 (m, 1H; CH,), 4.08 ~ 4.16
(m, 3H; CH,), 4.08 ~ 3.95 (m, 2H; CH,),
377 ~ 3.70 (m, 4H; CH,), 3.67 ~ 3.61 (m,
3H; CH,), 3.61 ~3.55 (m, 4H: CH,), 3.43 ~
3.55 (m, 10H; CH + CH,), 3.43 ~ 3.35 (m,
6H; CH,), 3.25~2.94 (m, 11H; CH,), 2.10 ~
201 (t, 2H:; CH,), 166 ~ 1.38 (m, 7H;
CH,), 1.12~1.10 (t, 12H; CHj) (JLH T F S
S KS10).
1.5 FEERYBio, &M SR

BAVEE BT A 2 FHEBI Y B AR

Biotin, EDCI,
HOBT, DIPEA

o o~

i

Hﬁl\(
0

MeOH/H,0, r.t., overnigh?

S7
(0] (@)

S \\\\\\/\)J\N/<\/ O\/%\N)J\/\/ 1, S
a3 i i L
“NH \
oo

DMEF, r.t., overnight ”

LANE
r

Fig. 3 Synthetic route to YBio,
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YBio, (139 {14k &Y YBio,), JEidEE ¥
NGRS RS A R SRR, &k
PR WEB R, VRGO E T,
#S7(0.73 g, 1.51 mmol) & T %124 mL
() B B T, A PA/C (50.00 mg), FFINA
MeOH 15 mL, B #3/KH,, FH{EH,%MF =R
PR, ATLCEMEA R M 64, 1 JERPA/C,
FH i % 7% 2 A JiE T MeOH. il A\ Biotin (0.67 g,
2.73 mmol), EDCI (1.58 g, 8.27 mmol), HOBT
(0.22 g, 1.65 mmol), THE3K, IMATK
DMF 16 mL, {544 %% il ADIPEA (1.50 mL,
8.27 mmol), @RI T EimB AR, £TLCK:
W B2 56 4, e % 78 A€ T DMF, A
EAVEMR SN, MAINaCO,¥EA M3, FH
EARFEKAAZR, & IA NI TR &F
1 ERERERFEAR4E (V(EA):V(MeOH) = 10:1), 5
B H @ E A, RIAAYBio, (0.73 g, 7= 50%).
'H-NMR (400 MHz, DMSO-ds, d): 7.06

(d, 2H: ArH ), 6.81 (s, 1H: ArH), 433 ~
425 (m, 2H: CH), 4.12 (dd, 9H:; CH,
CH,), 3.84 (s, 3H; CHy), 3.75 ~ 3.71 (m,

4H; CH,), 3.59 (dd, 4H:; CH,), 3.55 ~ 3.51
(m, 4H:; CH,), 3.40 (t, 4H; CH,), 3.12~3.04
(m, 2H; CH,), 2.81(dd, 2H; CH,), 2.57 (d,
3H; CH,), 2.05(t, 4H; CH,), 1.58 (dd, 3H;
CH,), 146 (td, 5H; CH,), 1.35 ~ 1.23 (m,
4H; CH,) (W3 HrE BES1).
1.6 ZEREEMEEEMBP-GFP-SARRIZE
E5a
1.6.1  JEAXF IR AR

ZENCBIH CR R T HIE EP), 45
[R5 BT 9 3 43 591 35 45 BamH TR Xho TEE VI 5
[1)GFP-SABREL /771, @it xtiZ H 1 F B ARk
AR (pET28a-MBP) ¥ XU B V) &b 2, FAi FH 6t fit
LYK Al RN WSOW D) =4, TR F T4 3% H2 g i 4

GFP-SAFMIpET28a-MBP. ¥ %~ #)#% 4k 2 DH5a
A, PRk s O B 4 I T 50 E J5 3R 1 pET28a-
MBP-GFP-SAJii ki (7 WL HL ¥ 3 715 S GFP-SA TR
H 7).
1.6.2 PRI HGFP-SAE Sk 54tk

MBP-GFP-SAJii b 28 Il ek 36 IR e, e fb
£ BL21 (DE3)E&Za T, 7. S22 R
SRR TE A ZNRE Y, RS %
ik, RS mLANI-NTASERZHrAEdtiraith,
O K T ) 27 I RORS R SR B i, AUV
280 nm R ' B WU AR HA e 7 L PRy 0 o B i AT
AL R A2 T MBP PA K 22 TR 2H Z AR 2 A il
t# I MBP-GFP-SA, A T 13 3 J& 5 25 (1) GFP-
SAREAT J5 L 3 s 5, S 56 = 44k 1)
PreScissionfif &b £ 41 {4 4F )Y MBP-GFP-SA, 1]
FRMBPAHIHishr %%, 145 B V) J5 119 7 9 ) 4 NG-
NTAE T I 243 2 TohR 25 )OG5 85 F GFP-
SA. W WA B Ve MR S IR gE, ERER
Superdex 75 Increase = 7 HE R BB B ENT (T
iyt — B alifh, B4 Y IR A7 AE 50 mmol/L
Tris-HCI, pH = 8.0ZE &R .
1.6.3 GRS I GFP-SATE I 4

i1 SDS-PAGERLUK, WrilEfE— B R4l
el E R, JEtEERE, ZEHRAER
GFP-S A it J5& J57 4 B0 e AR I H, 185 - 3 TG ot i A
(MALDI-TOF)fifi & Hob i 7> 1 2.

2 GRSt

KRS EEGFP-SARRIL, Ak 5%E
18 F IR AZ R IE 715308 - MBPHR 25 1 B 2H
e El & 5 A i GFP-SA. M it 5k, 4 i Ni-
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Table 1 Purification of recombinant GFP-SA from 1 L E. coli cells

ltem Total protein Purity Volume Concentration Yield Recovery rate
(mg) (%) (mL) (mg/mL) (mg) (%)
MBP-GFP-SA Supernatant 5856 1.2 60 97.6 70.2 100
Ni-NTA 68 91.2 20 3.4 62.0 88.3
GFP-SA 28 Ni-NTA 40 93.5 16 2.5 37.6 53.6
Superdex 75 32 98.5 20 1.6 31.5 44.9
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Fig.4 (a) Verification of the expression and Ni-NTA purification of GFP-SA by SDS-PAGE;
(b) Purification of GFP-SA by Superdex 75 size exclusive chromatography and SDS-PAGE;
(c) Verification of the molecular weight of GFP-SA by MALDI-TOF
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Fig. 5 (a) Verification of the oligomeric state of GFP-SA by GPC and (b) native PAGE gel
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Fig. 6 ITC results of Biotin (I mmol/L) binding with

GFP-SA (0.1 mmol/L)
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Fig. 7 DLS results of (a) GFP-SA + RhYBio, solution and (b) time tracking of DLS results from 0 min to 6 h

(The online version is colorful.)
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Fig. 8 (a) Representative TEM images of micro-rings formed by GFP-SA/RhYBio, and the measurement
of the width of micro-rings; (b) Confocal images of micro-rings formed by GFP-SA/RhYBio,
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Fig. 9 (a) Chemical structures and cartoons of three ligands Rh4Bio, YBio, and RhYBio, mixed with GFP-SA; (b) DLS
results of blank GFP-SA, GFP-SA/Rh4Bio, GFP-SA/YBio, and GFP-SA/RhYBio, (The online version is colorful.)
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Biotin binding site

Dimeric SA (4EKV)

Fig. 10 (a) Cartoon of dimeric SA presented by PYMOL (PDB code: 4EKV); (b) Dimeric GFP-SA
presented by PYMOL and 3D-MAX
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Fig. 11 (a) Comparison of the size in TEM images and in GFP-SA cartoon;
(b) Molecular arrangement mode; (c) Further assemblies of micro-ring
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Micro Rings Self-assembled by Fluorescent Fusion-protein Based on
Multiple Non-covalent Interactions

Rongting Hu', Jue Wang', Jing Yang', Yu Ding®*, Guosong Chen'*
(!Department of Macromolecular Science, Fudan University, Shanghai 200438)
(?Department of Physiology and Biophysics, School of Life Science, Fudan University, Shanghai 200438)

Abstract Proteins are attractive building blocks for construction of variant functional materials because of their
chemical and structural diversities, and intrinsic functions. As the industry of biotechnology continues to expand,
so does the expression of recombinant proteins with wide varieties. In this work, we adopted the recombinant
protein technique to construct a new fusion protein, GFP-SA, as the building block of self-assemblies. The
purification of GFP-SA was characterized by Superdex 75 size exclusive chromatography, SDS-PAGE, and
MALDI-TOF. Then, GPC and native-PAGE were used to characterize the dimerization of GFP-SA based on the
hydrogen bonds between neighboring SAs. Furthermore, ITC was employed to test the binding ability between
GFP-SA and biotin, which revealed K = 0.24 pmol/L. In this study, we also designed and successfully
synthesized the ligand RhYBio,, which is composed of two biotin molecules and one rhodamine B molecule. The
size of GFP-SA increased rapidly to 370 nm within one minute after mixing with RhYBio, We measured the
particle size of GFP-SA/RhYBio, mixture every few minutes until the size stabilized at around 1300 nm 2 h later.
However, size variation was barely observed for the controlled samples of SA/RhYBio2 (controlled protein) and
GFP-SA/YBio (controlled ligand). We hypothesized that the two biotin molecules of RhYBio, could bind
specifically with SA and align GFP-SA/RhYBio, into nanowires, which assembled further into micro rings. Their
size was measured by dynamic light scattering (DLS) while the morphology was observed intuitively on a
transmission electron microscope (TEM) and a confocal microscope (CM). The characteristic results from TEM
and CM suggested an uneven size distribution of the micro rings prepared, which might be attributable to the
flexibility of the fusion protein GFP-SA. These micro rings of GFP-SA/RhYBio, with fluorescence has great
potential for biological applications.

Keywords Fusion protein, GFP, Self-assembly, Micro rings
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