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Genetic Synthesis and Applications of Repetitive Protein Polymers

Mi-Sung Park, Cha-Yong Choi, and Jong-In Won'*
School of Chemical and Biological Engineering, Seoul National University, Gwanak-gu, Seoul 151-742, Korea
'Department of Chemical Engineering, Hongik University, Mapo-gu, Seoul 121-791, Korea
(Received : 2007. 4. 30., Accepted : 2007. 7. 11))

This study introduces the characteristics and some applications of repetitive polypeptides, especially to the biomaterial, tissue
engineering scaffolds, drug delivery system, and DNA separation systems. Since some fibrous proteins, which consist of
repeating peptide monomers, have been reported that their physical properties are changed dramatically by means of
temperature alteration or pH shifting. For that reason, fibrous protein-mimetic polypeptides, which are produced by the
recombinant technology, can be applied to the diverse biological fields. Repetitive polypeptides can also be used in the
bioseparation area such as DNA sequencing, because they make DNA separation possible in free-solution electrophoresis by
conjugating DNA fragments to them. Moreover, artificial synthesis of repetitive polypeptides helps to demonstrate the
correlations between mechanical properties and structures of natural protein polymer, which have been proven that repetitive
domains are affected by the sequence of the repeating domains and the number of repeating subunits. Repetitive
polypeptides can be biologically synthesized using some special cloning methods, which are represented here. Recursive
directional ligation (RDL) and controlled cloning method (CCM) have been proposed as excellent cloning methods in that we
can control the number of repetition in the multimerization of polypeptides and the components of repetitive polypeptides by

either method.
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= By So)f 237z E AEY A, ZEd 59
2242 4] = G VA m, old@ So|4 Hio]
ofe] ool o WyAY $go] tF AT A B
98] QA5 Ak o)A HEGY BRAEL TE o
wel vl Mad W, As L A7), A5H 5O
A QA 288 5 I B4 AAn gth
TARE olH=ie) ERY wEHE vgAY A5E
zagons 240 WaHHE 54 olgd, a7
Qe T4e 2 vNAe dFFow Ay §
$9 & Atk HAM 2ARAAT, AN oled v

99 wude guze g4, ofgHy
DNA @7]Hd 24 So 2850 4793 Yok E3

sletd o g AE IEA 2247 9y REETy 'z
& AE-F A (biodegradable), A A4 (biocompatibility)
] 98t Z2AFste] AANAREA Y §8o] Lol
P olu)gl, Y3t (monodisperse) E4S LTI

= 0= JLE-
47358 Pl g3l Ag 5 U RS
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7}A 2 o).
B oERolAE wEce) guel Aduys 4 2
Ae Ay, rEge dwzde 58 17l g

RS Gude 54 ooz THY d9A}
NERDE FHE AN Q) AR, A ARIA
SeAe] WwE 5S YuASA Aol Ao Fono
Fastth 2oUetol=g PASE WEe 2A FHH
s fA3E Yol g, Sy BHY B9 A
efol= % £ B84 2A AAY (solid suppor)o] ¥
A4 Adold gAsE el dutdolth oed 83
4 e e9m A= FHlE EBFon, Aol
= Aol Rold4E PATE obuaty $go] @A
5 Mol Hol, 71 EMet=E FAF=H Gl

2]

AFE VBT, T FABHR e a3
Wol Wale Arjdoz Bge] Hgan AUE oY 2
A%, Aolol e £ A} Hol 2 wwd (
2 FeNE DS AT A o] 48
ANE $24 F2YL 549
A3 ol uEE A

22y wHe g WU Dude FHY A
1990dth %o & HuET} 19923 2x3d 3 =
o 938}, (AlaGly);ProGluGlyE RHE @A 2 dh= Z]9
Bol=E d&5FHO R encodingdt DNAE AFAHo=
multimerization 3}HTH3). DNA T8 A9 9UZE Zo) Banl
sites T]AFQ] $F &, self-ligationdle] LA 3 WAl S 713
DNA multimerE €& 5 JAT  FE2 Q2R
(palindromic recognition site)S zt= YHHA Q] A|3F i &
t], Banl2 H|3|E4 <¢12]E 9 (non-palindromic recognition
site) & 7FAIEE, DNA @A) & £l Banl Q148971 9
& A7, AT WEA (head-to-tail)s Zt= DNA F3o]
7hsslt). o] | H o] 93 27 repeats7tA| DNAZS}
o] 7b& 8L, ol wWE iy BHE JFHOE o]F
ARG 2H Y o] WHHE HAE selfligation AEE XA
& 5 glo] A Ado]l YEI, Banl 12]F$7 DNA
G A F ol EAsolet stk Ajdo] Hupgiok o] H
¥, A7}t Banl site7} 37| v ©@WiAS HPAI|BR
Yot= Tlld Pk FAHOoE A HHAY.

0|2, Prince et. al-2 self-ligation AT E Ao 24,
DNA T9A9] FHEE 24T ¢ Je WYE 14y
Th4). ©o] Aol Y3t DNA fragments®] 42 S
2L AEAV} old & a4 A2 Ao Ay,
of ATAFANMT Nheldt Spel& AHE3tH ). Fig. 1¢]
Bt whel  Zo), Nheldt  Spel®) ARHY QAR
(recognition site)v= T©FE WHH, @A AF 3 T JE
ovethang H-&o| 2. welr overhang A}o] 9] ligation®|
7Fs%td], A ligationo] head-to-tail H}dko 7 A 3PE ™
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Nhelz} Spel o= ZAogx Ad 4 QA Hd A
head-to-tail d3to] o}l head-to-head ((E< tail-to-tail) 2
o] AL, Nhelo|u} Spel AELE FAY F ormzg
self-ligation 3 Nheld} Spel©. Z *]E] 5} head-to-tail 2t
o2 23tE DNA multimer?h-g A8 4 Q). o] AlAld
71238k, o] =Ro|M= DNA fragments®] ligatione] A|o]
7} b dS RYT AT o WH HA] DNA ¢ A <
Lol Nhels} Spel ¢ Q1215971 EA3)of gtrhe= A oo
3o

Nhel Spel
G[CTAGC A[CTAGT
C GATC|G T GATCA

Figure 1. Recognition and cleavage sites of Nhel and Spel.

CTC TTC N [NNN NN

GAG AAGN NN N|NN Eam11041

Figure 2. Recognition and cleavage sites of Eam1104I

1999 @ & =EAdAE FA AFELY JAFH7L
DNA @Al Q75 = A= =
Fed, o] =fdAe EZF AFaLE ASHOEH
o] EAE I ASFHATHS). o] =& 2/E Eaml10410]| 2t
= AREAE Fig 20 GER)QOH, QAR B
9 (cleavage site)7} o)A Uvie A o] v} Fig. 200 A
d F UEo] HEFEH o' U7l A= Heo
7Fe3tE 2, DNA @9 Aol Q14 F971 EAQFozn A
He 92 g gidy 288 A & & AT 3
HAIRAE HIEFZXE AR & 3%, DNA dHAE
A A3t W3k (head-to-tail) © & self-ligation® 4~ QAT 3}
A Gk o] HhHe 9l WHI 2, HE3FLE AT F
ol o] Btk dHo] AT

Hoj A AFe EAHLES sty AsiA 2002d
RDL (Recursive Directional Ligation)?} CCM (Controlled
Cloning Method) ¢]8}= F 7}A] 24 WY EC] A7H
QATHSG, 7). o] HHES A FAFLE A3 DNA ©
g9 wWRss 289 olg Ly DNA BAle] A
b EAFOEA BAsE 93 e vwde B
£A0] AR WA 21 o7 Qg SR ol
@ opde] ASHE ARILES BT 2e 548 7}
A glolob dT. 224 wWel 2ok T A ARE
2y M2 g2duisx wgEA  (head-to-tail)E  J}R| AL
ligation 3}7] ¢3]A = AFH 29 overhangs 7}A| I glofof
PO Holth 7 DEORE % b ATEAY AR
97 Az WY del 242 oA dTYAT EAs o}
gohe Holth spATte s FU AZE DNAS €7 4
sl 7 AFE2 site= LHE DNA A7|M Lol FF=
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mAA ¢olet FhE Holdh Tt CCMO] 72, PCR

T 7HA AFEL KA 712E Fo ARG
oA RDL ¥ # T zpolE w4t

Digestion with 2B
both RE1 and RE2 /)

\/\'\ Digestion with

.. RElonly

Ligation and transformation

Figure 3. Schematic presentation of RDL(6).

PCR product of concatamer

‘SapI

(5]

\ Eami11041

Sap I digestion N\ Eami1041 digestion

Insert

Figure 4. Schematic presentation of CCM(7).
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Fig. 304+ RDL WHel ZATE Hoxg
DNA ©@9 A (monomer)7} 2 H plasmide] YH-E
o] Mz tE A3a4<¢ REl, RE2E2 Al ©@A|S
A1, YA Sue AREs REDELE Azlad g
QA7 TgEo) e HFsE AEHE Aech 0P
= z20] DNAZ ligation3}®, A& v wslad DNA
A717F F ylE o)y o|F A (dimenE €4& 4 vk 4
ol7} Eojit Aol ERIHM, oA d¥ = FAY MR o
< AT = stue AFaiE A
2% F, 99 Bt 2ol ligaionshy g Aol9] 4v)Q)
42A (tetramenE U& F Utk oI AAHE wHESHH

=y

N
30,

-{n
=

Ni

rlo

H3l= Aole) AEF DNAE d& 5 U= Aolth6).
T OE FEY R CCML Fig. 49 7hers] dw 5]

o] it} CCMHEPH e DNAZF AHeld ®WEE PCRIAAS
58td £E3 3 Q1 AEYT} FARRE F &4 Eamllo4l
I} Saple] [AMAFO 7123t AP ligationg 53| Z o
2 SHUTNT). Eamll0413} Sapl 9] AA1H 99} Hur
= Fig. 59 e AT

CTC TTCN|NN N NN

GAG AAGN NN N NN Eam1104]
GCOTC TTC NI NN N NN
CGAG AAG N NN N|NN Sapl

Figure 5. Recognition and cleavage sites of Eam11041 and Sapl.
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v DNA 24 2 DNA sequencing oo HFE TS
WAool SFREHE AHE JTHO-11). ol EAMF U HA4
o] Q1+ polymer gelS A$= thal HAo] gl 89 4
oA DNA¢H G dS AZ4AZ %5 DNAY =74
gt B0l FYEHv HHE ol &% Aok 1 Yelx, A
A Ao EAstAA vHE TS JiAE dwAde Q9]
Aoz AT v HEHE olnxil Mdojy HHEH=
45 a2 & A5 Add EAs=s G A v
A EAol dulg NMAHNEA B8l 7R §8FHT
ATHI2-14). wWHEe] T A.S  Elastinlike Polypeptides
(ELP), Silk-like Polypeptides (SLP), Z2&]xl 1 %re] Z-8BFof
2 AT F, 24 tiste otfdl & O AHAlE 7
=3 FUT

Elastin like polypeptides (ELP)

ey Budel & THA APade =23
F wERonA Hdgen WEAd 5 9
3 wHAe Foss 98 Bk E8, derPe S
obrliito] WEHOE Ugj: Edeol=z Ho|L
% (T, transition temperature)S 7}2| 3 JoiA], L5 W}E
ZFEAHQ AAolrh dojdt. & e TREY &
=7 o #84 AEolAT, T LEoldes 2T}
ST AgAd A o AkdFC MEHL FE
7F BAHI, o2 s Aol dojuA Ho. deplH
2 VPGXGE}& pentapeptide’} WHEEHE PR o|FoA
.om], XA4elo] Prog AT BE obul:ite] AL
24 539 T2 X9 deeds vss 294 4
2& 7R @S deder we g Qe ol
@l 2 S ELP (Elastin-like polypeptides)g} o). ELPS] &
T W) mE Ade AL exol 4B 2w W
e 2E%oeR B 4 Jow, olud g2F 44
& ©|-83}a] bioseparation, immunoassays, biocatalysis, drug
delivery 5 ThFgh F-ofell A o] Hi Ak1s).

CAT, BFP, Trx, CalM 5¢ =& @Az ELPE ZAFA
7§ 9 (fusion protein)e] A$, AHol7} ELP 3
o Holex 2HN Uehl: 54 BT 3 ww
Aol 2o Mgl gt steFel A7t Ao B
98 S4e olgstel BuAL WA B, AASE AT
7} @A AWH T Yr15-17). 9 EW, ELPS §FA7)
chido] 25 wE 71 golg RaThH, FoleE
BT 3E eRoNE g3 wudo] o) Qold Ao

0, olff FABWS s 14 $e)E Ik AojeErn
e LEE 4AT A%, WAE F $F wAe o
Feogezt g, of W 58 So AATES g
T Fgdure Atk o AP P A wEFoRA

=
C
cjo
ol
AUINE
1B
i)
2
tjo
M
-
9£
X,
e
tlo
4
¥
o
<
AL}
o
s
pt

9] AL Inverse Transition Cycling (ITC)o|g}x dl¥, 22
tETH Y e ARESH] dax 4l 2xzdEve
= wue) ¥ 9 AAsk FFsETas, 1)

AZale]  38d daNeE, AFAY FAHEY OP
(organophosphorus)E 3| A 7]= &4 OPH (organophosphorus
hydrolase)E ELP9} A7l § LHAIA §&§ o Bl
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go] k. OP7} X3d 84 WX EavkeS AlY=
FAO, 2= 2AL B3 /19H HAAS o83t OPHY
aAge AEE AT JATK19). T, ERF TOA 1gGet 2
313l SpA (Staphylococcal protein A)$} ELPE & FAIAH &
g WgEA kg 388 dx EEITH19).

Silk-like polypeptides (SLP)

A4 gl 3 F{9 A3 sike dZ2FE HE
ol £&& FHASZAN AMSEHo & @¥Hon. FE
Avlg Foll9} 22 QIAF % (lepidoptera larvae)ol A
HEOATG L &R ow, &FY FFHA Wt 24,
TZ, B4 Fol 2. d3ae & d¥Ad nuy
S o, vf¢ A3 AFAHS Hojle HHH FEA oA &
Hert vijg dong AxF HAE o) FF dFE I
TE FEAMNM Hz gy §IEE FUHNTE
F2E o WE BEAATF 2HE WFo] FoH
(20-23), A A 2H HAF-2¢ 4HHAl (biomimetic spinning into
fibers) A= o] 23 JYTH24).

A3 2718 JHAWA 5F ofuiite® £/ H silke
A7)% % (self-assembly) 7]5S o] &3ld E3HFH 3F3HEY
TZE A A7 Foe, XolY Adold &) Z(dentin
protein 1)9] 7284 Ztt Tl (carboxyl-terminal domain)
3} An|A A (spider dragline silk)E T3t THAZ P,
o] gl 4L #E3S (mineralizing)dte] A EWE L&A
(biomimetic material) & A3 AF7 H TR EATHR0).
o] wE A= Ao}d ¥ Wwld (dentin matrix protein)i}
ziste] gifo] Aol AV)EY 5AL 1= FA4R
A%, Arold ut thilE (DMP, dentin matrix protein)®] =4k
3}¢13] A (HA, hydroxyapatite) %3} (nucleating) 7]75& 7}A]
= &% vude AggAez @ANTEW 1 s
Jot & 5 ok

Az FoHq AvRZREH doz AL g@E5Holn, g4
Ao v gHold A=t S JHR - Aol
60 kDao| 4] 140 kDad] ol2+ EAHE £XE 71 84
AZ3 Aw| A3 (soluble recombinant spider dragline silk)&
ZEA T (mammalian cel)E o]&-3td FAIT= A7)
2002 d 0] HREEPTH24). ©o] =FdME 848 AxF A
A=z 238 £84 SQo2HE Bopd v 4=
px-HgdE (silk monofilaments)E o] &3 A F WA}
(wet spinning)ol]l AF3HL, HEAF HAF+ 10 molA
40 me AL 7HAY, AA A EAde A=
(dragline silk)R.t} AL DojA} Hojd A ©AA
5 7k duth

1 9% silke ELP9te] FFHAE o|F= SELP
(SilkElastin-like protein)Z #Ad= o] AFH7IE sFATH2S).
= silk fibroing] 7|29l wIETHY 9l GAGAGSS BE
MEW ] &Ase A2k AE (mammalian elastin)e] Hl&5-
AA ¢l GVGVPE X g3te F5A FHE FAFFHo
2 FAFGEHE, §828% 41 AAANEE pH, &5, ©
& A7), Fxo BojHoz s AAE RHoly] HFd
oFEo] #&g YAd A F 5 e FEAHE A
~"o 29 8754 AT
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A7IEE FHHE AEE o)8d Ay ZAF AV
HHdE 2, 440 gl 894 AdHolA DNAoK A3}
E4E At £o24 DNAYL A7)dE REds o
o] 1990dt] Feof AA|EHATH26). ©]= ELFSE (End-
labeled free solution electrophoresis)zlil 3}, o] uf 235+
AgEdS  dragtagolel T DNAY ¥ #HFL
drag-tag®) A W2} A JFE v, gATRAeE
FAE BHETS dWdo] dragtagl® AHEE A AF
958 248 2olT o] ol Wg A7v} AW 3
o). olgh §AK WHoR wRuY Bude a4 B
o]} SNP (Single Nucleotide Polymorphism) 7ZFAjol] &4
5 7]% 3IcH10). ELFSE$} SBE (single base extension)S %
EAIZL MRS Bt oY frAx EddelE Y 167]7)
2l Al A&, ol 2UM7|HY HEAA LT
52 (high-throughput analysis)-& =388} H T}

2 9o we} A%e AHAE BuA ERER ALY
+ prolamin®] ©W & 1x}427} proline#} glutamine©] F5-
g BHEGS] =HQlSs T n ¢ A o4, 27). 9
9} #AstY prolamin®] 2o} A g A7 Wyl o}
U 2H28, 29), prolaming A F3|4 Fet2H filmo v &4
TASY e biomateriald) HRIHAE= ATER I
Y= QI TH30).

s ']
1z,
b ol
o,
:Io{ji
rod
ol
o,
o
ofo
o
o
i
3]
i
0
4o

EASE BuAe FASE ofmwite] GwWd Tz
oW G wAEA, YW BEEe gude) So4
24E ol g3te] ogA $8o] B 4 e RAs:
ATgo] o]FAAT Aok A Bude 3%, 1 A
AZ BRI HAT 54 dudne §FL FHA
53 wMdY A22Y4S A 54 w9l
24¢ FANA FoM, 71E Bude BYL AN

=H o] 85 7|% gt} 1 2 ox DNA EA U sequencing
Pl AE $457E Bk A9H0E FAH WET
guge segoz FAE vRAd ¥ HeusEa)
o 014 ARl ool FUF EA (monodisperse)e]
REAE A 5 glo)A 1R} B AYE 2438
AN BEEF FOH @ 5 Atk E, SEpHon §A
2 nEAel wal vxe 2L AN AR A
stthe e gEATALEAMY &8 Thede w<
F U3, A Falg FE HAgshs G nl
o] AEAZR 7= Utk jEEGS Gudo] oA

2 o

B Q7E 54 ofneaEz FHY B9A7 wEd
= WYE e 0Eug aude faRgsos g
Qe WY SeAHEe 248 Yk AT
TN TSAY HEASE GRAA AjFEM 94
29d Aske NN Yo wudne BEY &
& wds|gon], 42 2718 RDL% CCM ol o3
o ZVselFth MEws) Bude) $eRE YEAO
=

ELP, SLP, Prolamin 5¢] ©il&-g 3Aste AAAE
b GEAGA2"S Addted 383k Au, ELFSEY
drag-tag 7o S&¥He A7EC] JAHL Aok 353
o7 A" nEAC v FAITTHoE FAE ¥HE

As, A9 B4 Adn 34 g3

Hozg A A wwod e 4l

b AL
o] A =FL 20060\ AFAY (RSAHAHAF 8
24 Ao FAEAEAGY AUS W
519l o™ (KRF-2006-D00456), o]0 7=},
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