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2 oF: whAke ABAA 7Py wol WAL Eelsli F SR, 27] Susk ATE A
S 2o Aejstd 5ol 1FEo ATk LY 2ol shdto] thald DNA § o] we
AAREA BAATS s Ao] draixlol wpet BAH AARA B B wa g &
kY] et E4ES 299 T, A4S 2ET W ooty oy AF W g Aol 7)o
skal, oshE] A= ol 7S Holil itk & m=wolA= EARA] HAA| = A9 whd ik
A aLEAReRe] A, gdake S8 21 A, o5 g AR 2§ ol sl thFaA gk

Abstract: Abstract: Tannic acid is one of the most commonly found polyphenols in the vegetable field.
Initially, research on tannins concentrated on physiological functions such as antioxidants. Recently, however,
tannic acid has attracted much interest as a molecular glue as it has been found to interact virtually all
bio-macromolecules such as proteins and DNA. The various properties of tannic acid are expected to control
the wettability of the surface, contribute to energy storage and generation, and show potential as a medical
agent. Here, tannic acid will be discussed about the interaction of with bio-macromolecules as a molecular

glue, surface modification, and utilization of itself as biomaterials.
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group)E 2= EAHE $5t] Be 29 -] Tt
ol B AHA[1] £ 3}sto] WAL ofof W] x5}
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OFst EA51 =4 23 (hydrogen bonding)d A=A
A3} (hydrophobic interaction) & E3f A%t vl F 72
T BT G 27 Uol ARE 5 A shol
EE A7 A pH T okek 4714 S el A
F+= (quinone) o= AbS}EH F=2 wlo]F 7S
(Michael addition) &= A|ZH 7|88 (Schiff base
formation)2 £3] ©}%l”| (amine group), E]-27] (thiol
group)®} ®h-gsto] MAIEAEL AT It
oh Alekzt o] 133t sFo] EFA] 7] += Fe(ll, III), copper
I 2o Mol F43 w9 Ag (coordination bond)E
FAL = Sy olg3 AdS vE e R gdAike
71471 714 W 243 dedste] S 1A A
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2.1. EHHAS 0|83 BEH A
Tt g 22 B8 md AT SAHA[1,2]
BUARS o] 83 W FY T3 §7] EHo)A F7)
EAo| o|27] 7k meFut Z7|o] Armglol elowfu}
olg3 W AL HHHA 2L 3 A, F

2 v 2% 234 (metal coordination network)E £
St WA, 22]3 A EA} (macromolecules)9}o] g
As &3 SAAZIEHWH  (Layer-by-Layer (LbL)
assembly)= 53+ 7 o] Qlth
Aol FE = 7P JJEZ Q] A2, Messersmith
ATeke] Bye ol g3 By my Adol gl
[3]. °o]&2 ®dAFE ©] &3l Polycarbonate (PC),
Polydimethylsiloxane ~ (PDMS), Polysulfone (PS),
Polytetrafluoroethylene (PTFE), Stainless steel (SS),
metal nanoparticles 5 F7|EHo| A F7] EHo| o=
7A chokgt RS AAAskR o0 (Fig 14), 79 H
FHO BAl| ol dFAl, A AL Mo
SISt (Fig. 1B). U EAE 2 BHE SulAl

Al Zke] uhet gEpAl = 27] 24 WollA =

=

- FE8HA ol F oM A Tt Fol UP%"V\]%G]
(Fig. 1C) ®F3f| sAIZE ol AyA =HH 2 e =9
Hado] wAR WA gold P2 Fo| WAL

BldAle] W FEL F = 71o] AL 7HA 271
3 9ne goza de wHo=o AUL s
Stch4]. o|l& E9¢] polypropylene (PP), poly(vinylidene

fluoride) (PVF), poly(tetra-fluoroethylene) (PTFE)Q} 7+
o ASAREA BUE BUOR nYeln 271
©° 2 o}yl 53t d1ethylenetr1am1ne— AgANo=Z
W 254 EROR AAAN AT AL7h Ales)

E3} 11:,_}14‘_/}_}_‘] A4 AAR ole THI JGO/H
(wettability) S AFd3] SEAMAA oF T o] B Eabyo
Z7PAZ) AR A4l Bek opveh ehdabe e
A (graphene), 7} L= £ H (carbon nanotube)o| = =
Y 5 Sl oo e 2R agHes 4
24 Al Zhyl b (Rhodamine b)E FIHA|
o ol AAE ZAAZA [6], MEH Hle FEE=
sonication¥} Z-& 27}z o] 3tA gloj= 48N Y of A
AP = Aol F7hE el wEE AT

ol th s S o WA ol o
g3te] BAS 2P ARlE BuH T glrh w
4He] & (gallol)7]of] & A<l (alkyl chain)s F&
Aoz =YAl7IH (Fig. 1D), f+7]-gvloll thet &=
F7H4 S Gths] 4445 1

~01

(organo-solubility) = T
ghdAke <4 (Al Cu, Mg, Zn, Fe 5)°l 5 U3tA =

% H @34 AR A S el A ey

7 - ol
A, B
LAl gre €
2 o6 H
£ 4w £os £
£ 2 o2
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B N\}
La e <
7 e
rtially n-alkyl

Pa
ubstituted TA (PATA) = S 55

AHZ2A 2) B TR 2] 3
A el 7]re] A1 (signal) W3k o] 51/\5 7)5o]
7|& Alcrdol Hasial o]= ®ax/Akar HlE (C/O ratio)d
ol AArE ATH3]. Copyright 2013, Wile@VCH Verlag
GmbH & Co. KGaA. B) &2 A2 d(polystylene) 7| &3} o] &
H2Z4E = gdito=z FESEa 1 7]HoA 3T3
fibroblastE WIS W o] ROS A4k C) AlZhol wheh =
]jjroﬂ Y E= Y24dEY FA9 TiO2 7|8 A==
gd4ke] 77, D) gdite] FEACR 4TS E{lsto]
A B4R EE whol Y Figuredt WRE g
AHpartially alkyl substituted TA; PATA)S] 3}sh# L=[8].
Copyright 1996, Royal Society of Chemistry. E) BFdARS- A}
S Wo] TR Aed SIS ALEHE o] Y 2
olo] Tt ol ofnlA|. Agd TIALS AU W A
Azg @yl el o @A =29 ek

(self-assembled) =] o] A§ L& RHo|y mfj ¢F2
A3t} (Fig. 1E). 2D coatingS @ o] A &4
/) i s ol 2ol st s st
AR ofql7] = EHE&7|ek
o} o2 So] B 4
Al gtE S22 3
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7= :L¢JJH HHH 2% 7]
e Zo o] 27| 7k A] vheFRt 771,
T2 Slth ol= A3t pHeA
copper(Il), iron(I, )T} 72 divalent metal cationa} 2+
Adtete gdatel S4of o5 Yehdth tjxor
Ejima groupof| Al §dAF} Fe(IIDO] w9 23= &3
#H ZHS A% HE §lew o] 7]£&2 polystylene -
E| silica particle CaCOs0| o|27|74A] A9 mE 1W
o] Y HE FAFTH10]. T dAk-Fe(lll) 5= pHofl w}
2k thE %EH 3 Hol=t| ol= H2ZE (pyrogallol)
F&0] 719 A9 A% O E mono-, bis-, = tri-complex
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Figure 2. THd4KTA)-Fe(lll) EAE o] &3 ohfFgt &
Y. A) ghdihadol EA| 9] FxHE}
A} chepe Hol34olee HgAE olgete] Tjel S
g3t 333} o|u]x]. Copyright 2014, Wiley-VCH Verlag
GmbH & Co. KGaA. C) Yeast cell®] EHo|| A FAx= €
UALFe(Ill) 729 =A1Z9] o]u]7] [12]. Copyright 2014,
Wiley-VCH Verlag GmbH & Co. KGaA. (§FdAkFe(Il))4 =
o2 FHE S I yeast cell®] D) UV-C irradiationo]] ofj gt
SFdE A *33‘3—19% E) & W=dAte] =Adof gt 4
H AR

£ FA435t7] fZoltt. 4Hd 27 o Al = mono-complex
ok EAjste] :E Zo] ZA| AR AN pH 7 o] Abofl A
+ tri-complex& fg‘/\g%}oq 10 o]AF oFA T T E] oFAF
S Rt} (Fig. 2A). o] 2|3 9FAFS Fe(lll) ¥ o}y a}
Al Cr, V, Zr 59 03t &% U Yetd
o] gelwri[11] (Fig. 2B). #&-8tdAite] YEY=a
£ 53T U= 282 771 L‘?“ioﬂfﬂi Ay st=d],
Loll= B ARFe(lll) A7F2 YA 7} yeast cell2] EHO|

L= 7 & (nanoshell)S FAAsHo] R E A} (Fig. 20)

[12]. o] 8 22 UV-C %A}, &3 a4o] o3k 3,
< U BE S 54 5 o Aol dis) AxE

H 53k} (Fig. 2D, E). gFdA-Fe(ll) A7F2 9 Ule 2
Az s Az &3k= gasAT 2 gdo] s
@ B8 e glsl e

2 o] 83 o2 FE "o LbL AlAHE
o] 9}3} o= 2005 2] 7] f1o Al poly(dimethyl-
diallyamide) (PDDA), polyallylamine hydrochloride
(PAH)?} 2 ool A EHT Bhiare] BAZH A%
g2 T AP AF BuE F4 pHOlA
SAke ZdE7] 9 Egatste] o8 REA R £3
3} (negative charge)E W™ oF=A4 I1EXZ} (cationic
polymen)2} 44 Aot} M7 4 45 2-go] 7}5si)
[13]. E3F B dAFS poly(N-vinylpyrrolidone) (PVPON),
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poly(ethyleneoxide) (PEO),
poly(N-vinylamide)Z} 72 neutral polymera}= 44 A
3 EE 2e4 A% 5 vloleA 4EAEOR LbL
A7l 2 BAE GHITH14,15)

poly(N- Vinylcaprolactam),
A

ojef Zo] BdARS Wi E T AR EAY Ve
obg Hadlel ERg NATORA oFE HE SET
Aot Ad AAHY] S AT A& 9
thed Arh e ahe 2o B gl Sas)
Al (doxorubicin) ¢FEo] Aoty 1 EXE LbLE FH
st A4 o A= LbL Ao ebs|= 3| k&

9] burst release”7} AR TF FA ST of| A= FE O]

A A8 & E = AR ELEJ al QlTh16]. EI &
UAbo] LhL B 7JA L okEo] v wAUZE A%
71554 Fch 9 So] TA/BSA A72PAEY L E

A (trypsin)ol] o Al= Ea =R FARE 7] L E R A
=7 (a-chymotrypsinogen)o] 2JsjAqt E3jE= A|A
e AT zN fEo] BT 2A7HA A SHA
AGE =& =otEtH17]. SEH A (lactoferrin) F&
= oA asta Ao o8 ZallEo] aFo =Y
she o] o Yotk TABSA A7t2d 292 5o
SEddS 2RARNE BEdte] gol7tA X
o 658 e SRR AYA A7 A mag )
UTH[18].
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B2} (blomacromolecules)ﬂ-E }sHA 2
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9olt}. 20124 oﬂ
LbL assemblyE ©]-&3}9] (gH'd A E & Hl(thrombin)),©]
wZol ehhs g7zl A8 ARA7 BRE
o AEEE Ao BrUAl EEuC iﬁlx-]o]
Sa AT Fo) An A% FEE A5

L ucme olgod A8 AHAo % 2R
d5ol TERESITH19,20].
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Figure 3. §ALS] HA52S o 85 A8 AA. A) Ak
¥} DNAE AHE-3E sto] 22 (TNA gel) TH=s o o
3 A %[21]. Copyright 2015, Wiley-VCH Verlag GmbH &
Co. KGaA. B) 9] 7} &8 doj| A DNA, shdAl 83} H]
WS w2 TNA gel®] A€ 5. C) ©dA4k} poly(ethylene
glyco)& ARERF FAANTAPE)E RH=+= 8ol g 24
5%[22]. Copyright 2015, Wiley-VCH Verlag GmbH & Co.
KGaA. D) A-83te H2HAel 92 22 (fibrin glue)X} H]
WA TAPE HatAle] A 52,

TA+DNA gel (TNA geD)& R 113t v} Qlt} (Fig. 3A)
[21]. DNA= -2 phosphodiester backbones 7} A1l
Q1o TrAkI i ATHE s Aol shelHel A

=4 1 O
ix)—_Q_O fs]—]j— o] ;no ;<47]. %ﬂﬁg Okoﬂ 01181:0

[eRE=1
Hrom =219l DNA AA|HEoh Hof 348 =& X3F
Hxee ®erh Muk ofel TNA AL DNAC
phosphate backbone?] 2 dol i 58 4 HH4a
7t =R st AEE ARAE 7S EO%—»—
oIt} (Fig. 3B).

Eg 2 AR wdakdt 4 2 A poly
(ethylene glycol) (PEG)9| =243 HIA S o] &3t

o2& HAAE B v ok (Fig. 3C) [22,23]. 9]
HZA = Eolal thA] g 37|12 609 whEstolw 7}

s e JAEg myon 2717 s B4
A T EY S5 (fibrin glue)?} Bl P S wf 250% =
Aee ot E d7de o] HAAE o 7t &
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DC2.4 cellof #2]3)E w9 Confocal ©]u]X]. AlexaFluor=
34| ovalbumino]] oJsto] AL W& FojXt utE|Fo] 254
FFom #ahEh ©) ©?dityt GFPE wd] 4o =4

e skE] GFP (TANNylated GFP)E WHs 4= glon] GFPE
g PO aggregation H4to] HAFETH25]. Copyright

2018, Springer Nature. D) GFP solution¥} TANNylated GFPE
ul oA IV injection® 2 FY5}FS wjo] A ==9
W3}l E) 9" GFPS} TANNylated GFPE Q] & 470
Z2A % GFPQ] & oJu]X|. F) infarcted heartE 717 55 &
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