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Abstract: Polydiacetylene (PDA) is a unique conjugated liposome that shows a significant colorimetric change in
response to a variety of external environments such as temperature, pH and molecular recognition. In this study, we
demonstrated that PDA liposome can be functionalized with Ni-NTA DOGS (1,2-dioleoyl-sn-glycero-3-{[N(5-amino-1-
carboxypentyl) iminodiacetic acid] succinyl} (nickel salt) lipid to interact with His-tag protein, which could be analyzed
qualitatively by colorimetric detection. The His-tag green fluorescent protein (GFP) extracted from the jellyfish, Aequorea
Victoria, was expressed in bacteria and purified as a model protein. It was observed that Ni-NTA functionalized PDA lipo-
some could specifically interact with the protein through chelation. Although further studies for sensitivity, specificity, and
stability improvements should be necessary for clinical applications, it is believed that the results of Ni-nitrilotriacetic acid
(NTA)/methoxy polyethylene glycol (MPEG)-10,12-pentacosadiynoic acid (PCDA)/PCDA liposome with His-tag GFP
present a potential platform system for simple detection and effective delivery of proteins in various biotechnology fields.

Keywords: polydiacetylene, liposome, chelation, green fluorescent protein, His-tag protein.
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Figure 1. Color changes of PDA liposomes.
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Figure 2. Chemical structure of (a) 10,12-PCDA; (b) MPEG-
PCDA; (c) Ni-NTA-DOGS lipid.
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Figure 3. (a) Surface of polydiacetylene can be modified with
NTA to bind His-tag proteins; (b) Schematic representation of Ni-
NTA/MPEG-PCDA/PCDA liposomes.

Table 1. Dynamic Light Scattering (DLS) and Zeta Potential
Data of Ni-NTA/MPEG-PCDA/PCDA Liposomes

Sample
(Ni-NTA:MPEG-PCDA:PCDA Size (nm)
liposome ratio)
1 mol% : 1 mol% : 2 mM 200
5mol% : 1 mol% : 2 mM 140
10 mol% : 1 mol% : 2 mM 170
1 mol% : 1 mol% : 2 mM + GFP 160
Zeta potential (mV)
1mol% : 1 mol% : 2 mM -36.85
1 mol% : 1 mol% : 2 mM + GFP -29.35

Hl&o] S7kste e )22 =7]= 200nm ©|ste] A7|&
TR AL gelg 4= At 1, 5mol%et 10 mol%<] Ni-
NTA/MPEG-PCDA/PCDA 2]Z&2] 7% Zkz} 200, 140,
170 nme] =715 YERITE. 1 mol% Ni-NTA/MPEG-PCDA/
PCDA ] EZ0| GFPE Yol & & =712 =Xsgs o
160mme] 2718 vehhE A sele - Al w3
1 mol%2] Ni-NTAE XFsle 2l2Fe] ¥ Haks S43)

AT GFP7L {1 74-% -36.85 mVe] =8ts el on

GFPE 9¥olE 4§ 2935 mVE F TF2 E]E% EF
ks we 2e 2RI 5 AT o 2F 2H 7F
s Egtehe &3717} 7] wzel] el el &
Aaks Woar A9 ¢ o

10 mol% N|—NTA/MPEG—PCDA/PCDA 2lEZo| M H

0| 2 & H3l &9l. 10 mol%2] Ni-NTA DOGS A& 3}

Zay, Al4338 A53, 20193

olal ¢

- FE
3.05 507 651
ot [ = R
GFP {uM] Imidazole (mM)
11.9 455 B33 1154

0 min Q)@ q“ o) OQQ ®

15 min ‘0 Q Q Oic Q‘O

- N
(b} Control -

BSA
(M)
GFP
(M)
115.4
Imidazole
(mM)

Figure 4. (a) Color transitions; (b) fluorescence microscopy images
of the PCDA liposomes after incubation with GFP or imidazole in
various concentrations at room temperature. The developed red flu-
orescence intensity has a close relationship with the concentration
of the GFP and imidazole. (Control : 10 mol% Ni-NTA/1 mol%
MPEG-PCDA/2 mM PCDA liposomes, incubation time = 30 min).
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Figure 5. (a,c) The absorption wavelength scanning experiment was performed to analyze the visible spectra change according to the addition
of GFP(a) or imidazole(c) to the liposomes. (b,d) Colorimetric response as a function of GFP(b, pM) or imidazole(d, mM) concentration.
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Figure 6. (a) Color transitions; (b) fluorescence microscopy images
of 1mol% Ni-NTA/MPEG-PCDA/2 mM PCDA liposomes after
interaction with His-tag GFP or imidazole (incubation time=10 min).
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Figure 7. (a,c) The absorption wavelength scanning experiment was performed to analyze the visible spectra change according to the addi-
tion of GFP(a) or imidazole(c) to the to the 1 mol% Ni-NTA/1 mol% MPEG-PCDA/2 mM PCDA liposomes. (b,d) Colorimetric response

as a function of GFP(b, uM) or imidazole(d, uM) concentration.
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