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Biotinylated Water—Soluble Conjugated Polymers: Synthesis and the Ap-—
plication in Biological Analysis
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Abstract Conjugated polymers with good photostability, high absorption coefficients and quantum yields have attracted
great interest in biological analysis, molecular electronics and organic electronics. Biofunctional conjugated polymers have
many advantages in bioanalysis, such as high selectivity and excellent tumor targeting capacity. Herein, a biotinylated wa-
ter-soluble conjugated polyfluorene derivative (PFPNBr-biotin) with blue fluorescence emission characteristic was synthe-
sized via Sonogashira coupling reaction by using Pd(PPh;),/Cul as catalysts. The molecular structure of compounds, neutral
polymer and cationic polymer were characterized by nuclear magnetic resonance (NMR) and Fourier transform infrared
spectroscopy (FT-IR); molecule weight and distribution of polymers were characterized by gel permeation chromatography
(GPC) and other methods. The photophysical properties of the PFPNBr-biotin in mixed solvent systems with different ratio
of methanol to water were studied by monitoring its fluorescence spectra. The results demonstrate an increased fluorescence
intensity of PEPNBr-biotin with the increase of methanol. Changes in the photophysical properties of PFPNBr-biotin with the
increasing polymer concentration were investigated by measuring UV-vis absorbance and fluorescence spectra. Some aggre-
gates may form when the concentration of polymer is more than 400 pmoleL ', which corresponding to decreased UV-vis
absorbance and fluorescence emission. Optical properties of PFPNBr-biotin itself and the protein detection with
PFPNBr-biotin in solutions of different pHs were studied to analyze the aggregation behavior before and after interacting
with protein. Compared to the nonfunctional conjugated polymer, PFPNBr-biotin shows excellent selectivity to avidin over
negative proteins such as lysozyme (Lys), immunoglobin G (IgG), hemoglobin (Hb) and bovine serum albumin (BSA). So it
can be used to distinguish avidin (or strapatavidin) over many proteins just by monitoring the fluorescence change of
PFPNBr-biotin. Considering the fact that biotin-avidin system has been widely used in biological analysis, we believe that
this biotinylated water-soluble conjugated polymer has a potential application in detecting and labeling of biomolecules and
fluorescence imaging of tumor cells.
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Scheme 1  Synthesis process of monomers M1 and M2

Acta Chim. Sinica 2014, 72, 440—446

© 2014 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

O(CH2 )3NH-BOC
| |

Boc-HN(H,C)30
M2

http://sioc-journal.cn 441



=

— O.O =

CGH1 2Br

H H

BrC6H12

M1

BOC-HN(H2 C)3O

.
“Br (Me)3NCgH 1,

B2 4% PFP-Boc, PEP-NH, #11 PEPNBr-biotin 4 i £k 4]

+ | [

N
CgHyoN(Me)sBr

M2

O(CH,)3NH-biotin

Scheme 2 Synthesis process of polymers PFP-Boc, PFP-NH, and PFPNBr-biotin

PFP-NH,
3458 29342848
PFPNBr-biotin 1676 ) p
"“\\ T ‘\\, " s v "l"‘
| Vi 16170 1 1)
o V2848 Y
2026 1453
T T T T T T
4000 3000 2000 1000
vicm-1

Bl 1 4% PFP-NH, F1 PFPNBr-biotin [0 41t
Figure 1 FT-IR spectra of PFP-NH, and PFPNBr-biotin

S 2926 F12848 cm ' 4b 2y CH A CH, I 46 PR 5,
1617 em " g8 A B 1 I e e rp 005 (R RE AR U, 1453
em ' A A I T B B ) e A R Bl oK S i R A 0
B, PFP-NH, FlZ:4) 25 2 W) ik PFP-NH, [¥) NH, A4
Y1 COOH TV 35 1) I Joe Bl 1 32 AT — .
22 BFIMBEESMNIEME R

&1 PFPNBr-biotin 71 AN [ ELAG 1) FH /7K T v
R BT 2 Fros. B KRR 4 50 A
10:0,8:2,7:3,5:53:7,2:8H0:10. HEW W,
PFPNBr-biotin [17%¢ 't i & 5 45 TH G ¥ 771 v HH 75 1 1)
g aE. Y EEOKAERLER T 505 B RS
YIRDEm. PR /KIARILL AN T 505 I, RA
VI o FEAR 9. TR IR A2 123 B W e B v TR0 A 1

442  http://sioc-journal.cn

© 2014 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

FCAE K PR . B TR 5 V) I 5 e R
JJD, SRR P IR A 1 i, /Héé.\%é%ﬁ/ﬁiﬂﬁ
REMHER D, RIS DE M B KEUN, SILTOLE
oif HL S W K . iy 24 KR rh R S RLAIRN,
REMATRG WP IR R, SRR
ek, DS IR Ss.

400

300

100

T Y T Y T Y T Y 1
450 500 550 600 650
Wavelength/nm

B 2 ARFEARFEL R B EE/ K% PFPNBr-biotin(10 pmoleL ") 6 5%
L]

Figure 2 Fluorescence spectra of PFPNBr-biotin (10 wmoleL ') in
solvents with different ratios of MeOH to H,O
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Figure 3 Responses of UV-visible absorbance (A) and fluorescence

emission (B) to the concentration of PFPNBr-biotin
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Figure 4 Fluorescence strength of PFPNBr-biotin (100 wmoleL ') in
buffers with different pHs
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7.45 (d, J=7.4 Hz, 2H), 7.40 (s, 2H), 3.28 (t, J=10 Hz,
4H), 1.92~1.96 (m, 4H), 1.62~1.69 (m, 4H), 1.02~1.21
(m, 8H), 0.52~0.60 (m, 4H), 0.27 (s, 18 H).
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Hz, 2H), 7.49 (d, J=8 Hz, 2H), 7.45 (s, 2H), 3.28 (t, J=
6.8 Hz, 4H), 3.16 (s, 2H), 1.92~1.96 (m, 4H), 1.62~1.69
(m, 4H), 1.02~1.21 (m, 8H), 0.52~0.60 (m, 4H); "C
NMR (100 MHz, CDCly) &: 150.89, 141.19, 131.64,
126.66, 121.18, 120.32, 84.62, 77.77, 55.31, 40.33, 34.15,
32.87,29.24, 28.02, 23.70.

3-IR - AR AT ER(S): B 3-IR N A IR IR
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L4-5 NI, JE HE A 3 v - 22 S N R .
585 20~25 "CRRMNZ) 4 h. HIAKM 2R ZBEIVE, &
WO CWRIE, FTCKBR BT, Shag, I8 M 7,
PR T ORI AR (1.88 g, 77 79%). '"H NMR (400
MHz, CDCl;) d: 4.89 (s, 1H), 3.37 (t, J=10.2 Hz, 2H),
3.19~3.23 (m, 2H), 1.97~2.02 (m, 2H), 1.43 (s, 9H).

1,4- ZH-2,5- — {(CR-BUT S8 B Ak )-3"- 2 3 T A 4 )
FHM2): R, £E 250 mL BB N A%
FREN(5.52 g, 67.4 mmol), 3-7R A % F H R AT Hs
(2.38 g, 10 mmol), 100 mL A, 60 C[Hlyi. ¥ 1,4- k-
2,5- KT (1.44 g, 4 mmol)¥ - 50 mL PR AN R beii
S5 RN, AR 72 h, A ETE . R BRI S,
H 100 mL =SUHei . ALz 28 KR K
ek, FHJC/KBR IR B gE, D e 28 s, A A
afi, A C0R CERARLEN 8 11, 7N 1% =k
B VEGA, I e g S L iRk (1.35 g, 7~
HHy 50%), #4110 C. '"H NMR (400 MHz, CDCly)
5 7.18 (s, 2H), 5.05 (s, 2H), 4.00 (t, J=5.7 Hz, 4H),
3.39~3.42 (m, 4H), 2.02~2.06 (m, 4H), 1.44 (s, 18H);
C NMR (CDCls) 6: 156.17, 152.79, 122.6, 86.17, 79.27,
68.69, 38.47, 29.38, 28.58.

42 BREVMMEMSHRIE

SR5%) PFP-Boc, PFP-NH, Al PEPNBr-biotin 1] 15
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mL RS, P st M1 (0.167 mg, 0.31
mmol). M2 (202 mg, 0.3 mmol). #ZK(13 mg, 0.064
mmol). PU(=ZFHERE)H(15 mg, 0.013 mmol) AL T 4
(3 mg, 0.016 mmol). JEAYILET0 C [Hlii 24 h Ji5, W
PR AR (61 mg, 0.3 mmol)dfim, (ER T FYkat
BN 2 h JER RSN K B 2 B ok, &b
RI=W, AU, TSKBRER T, ks s
A TR R RRIR, ¥ N R K AR AR LE R 10 2 1 Y 300
mL VAR, D%, hdE. G FHEIN 300 mL
(LS TR TR N 1 - =l - Rl oY OO G ES I W R SR 2N
[H44(0.23 g, 7&K 70%). 'H NMR (400 MHz, CDCl5) 6:
7.64~7.72 (m, 2H), 7.40~7.58 (m, 2H), 7.30~7.38 (m,
2H), 7.11 (s, 2H), 4.96 (s, 2H), 4.10~4.22 (m, 4H), 3.38~
3.48 (m, 4H), 3.24~3.34 (m, 4H), 3.01~3.09 (m, 4H),
1.94~2.17 (m, 8H), 1.53~1.72 (m, 4H), 1.39 (s, 18H),
1.04~1.26 (m, 4H), 0.53~0.70 (m, 4H). M,= 13600,
M,=20000, 7 FEIMIEEH=1.47.

E45Y) PFP-NH,: ¥ PFP-Boc (200 mg, 0.2 mmol
(&R G EE B ICIHR))EEAELE 60 mL S5, Wil T,
¥ 2 mL =R OREN R, il R V. sk
FE 2 R0V, N 2 moleL ™ A AL AN & pH
N 12, NS CPRAEL, R MR R BR, T4
kR, 3R A YRR A(79 mg, 175 66%).

H-4 W) PFPNBr-biotin: AE%& <SR F, # PFP-NH,
(68 mg, £ 0.11 mmol). 1-(3- G LN IE)-3- 2 Ik —
P f#(60 mg, 0.31 mmol). 4% (60 mg, 0.25 mmol). Mt
BE 50 mL JIIA 250 mL — B, 60 C & MNER. ¥k
FRZEVRER Leme, m LA 30 mL PUSEIRE, F—78
CF, B 10 mL = H e NI, 3 A B aie
Az, AREE INPU SR LR, WoeE 25 C ROV 24
h. RIS T HESENT 5 d, AR TR 6
FAMURLAR [ 4454 mg, 775 46%).

4.3 FHEREIEN

# 1 mg 24 PFPNBr-biotin( 5 S G AN 231
2000 1000)%5 iR 21 1 mL FH /K IR A7) (CF B/ 7K AR
Fby 8 @ 2)f3 5 h 100 pmolsL ™" () PFPNBr-biotin
RER. 23 5 — 8 e I EERE R A EE (SA) . W (Lys)-
B ERE M1(1gG)~ ML FI(Hb) A+ I3 & (1 (BSA) I
AE] 100 pL BEEH, SRJG I — & AN [H pH IFI28 M,
fELARFN 1 mLOZA RS PFPNBr-biotin #E4 10
pmoleL ™", ZEFIKIE A 50 nmoleL™"). 37 “C ¥ 30 min,
{# PFPNBr-biotin 5 8 (AR /0 4 &, FeJ, 7R e
PRI, BRI 413 nm. 25 %R R AT A
T 1) PFPNBr-biotin BEELEAN R pH Z2 M O .
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