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Streptavidin, a protein produced by Streptomyces avidinii, strongl?/ binds up to four molecules of vita-
min H, d-biotin exhibiting the dissociation constant of about 10> M. This strong binding affinity has
been applied for detection and characterization of numerous biological molecules suggesting ex-
pression and purification of functional streptavidin should be very useful for the application of this
streptavidin-biotin interaction. To express a soluble streptavidin in Escherichia coli, We synthesized
streptavidin genes and cloned into pET-22b plasmid, which uses T7 RNA polymerase/T7 promoter
expression systems containing pelB leader for secretion into periplasmic space and six polyhistidine
tags at C-terminus for purification of expressed proteins. Although streptavidin is toxic to Escherichia
coli due to strong biotin binding property, streptavidin was expressed very sufficiently in a range of
10-20 mg/ml. In SDS-PAGE, the size of purified protein was shown as 17 kDa in denatured condition
(boiling) and 68 kDa in native condition (without boiling) suggesting tetramerization of monomeric
subunit by non-covalent association. Further analysis by size-exclusion chromatography supported
streptavidin’s tetrameric structure as well. In addition, soluble streptavidin detected biotinylated pro-
teins in westernblot indicating its functional activity to biotin. Taken these results together, it con-
cluded that our simple expression system was able to show high yield, homotetrameric formation and
biotin binding activity analogous to natural streptavidin.
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Streptavidine Streptomyces avidiniiol A L@ == vl g
1 7 (aglycosylated protein) 24 17 kDa 27|19 subunit’} ¥l
FHAgel ol tetramerization® ¢ 68 kDa 7] & YEIH
= 784 g dolt[7]. Crystallography s ©] 83} strep-
tavidin®] 727} B8 Hl=vl &, 4709 22 subunitz 74 5
o] A ™ one subunite 8 7} 9| anti-parallel B-barrel® €} &
™ biotin® 291+ barrel®] T4 5ol ¢ gth(Fig. 1).
N-ZEF9 = 22503 on biotind Foll F#ste}[3, 11,
18]. 1 B2 streptavidin vitamin HSl d-biotin 4+&7+0]
AT 4 oy F, streptavidin 2+ TH Ao & EA49
d-biotin 29 & 7}A 1L ATh(Fig. 1). Streptavidin®| d-bi-
otinl t& A¢L sl g(=Kd)gtol 10° M& Ueh e
B A FFAT eI o8 2 streptavidin-biotint o] 73
A YubEQl FU-FANS o AFFuY 10-1078 o
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23 A%e dedol gad A 72 ¥ EAS ¢
ol = th¥atA o] &E AT ITH2, 9]. H 2 streptavi-
din Escherichia coli (E. coli)o| X @502 EE & 7|54
G == single-chain 349 49 e HAIYgE L
AL YTH5]. whebA oldFd FREMA L streptavi-
din®| biotin2 ¢ & o] &sto] A ©A 5 AA| 7Hesin
2y E coli oA HHEHE streptavidine TE &S
Uehfo] 29 (renaturation)& A ©] &3t ¥ AH13, 14, 16]
& &FAE Z Bacillus subtilis [10] =+ baculovirus ex-
pression system< ©]8-3t] LHA 77| 5 A TH4] £ E.
coliol A HHE & streptavidin T2 A ZU 9| endoge-
nous biotin#} A F Jonz SFA 2 A4S A
T 9101 E. col A9 streptavidin® @& A &4 o] it uhe}
AR AFgME oY EAEE FE3L7] Y3l T7 pro-
moterE ©|-&3}3 N-ZHol pelB leader [8]S H7FAA &
¥ streptavidin® ¥ 4 & periplasmic space® &% 7 &4
& ZAAN 2 ZH endogenous biotindl AHE 7HsAd S A
azstel HA &S FHANIIE 78 FdsoH T3 d
streptaviding C-Z¢o] §&5 |l polyhistidine tags ©]
&t AAT T AAE @AY 722 £ 9 biotin 2%
4 5 7sds =Y Fd

hal [¢) h=s
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Biotin

Fig. 1. Three-dimensional structure of streptavidin. (A) Side view
of tetrameric streptavidin bound to four biotin, (B) Top
view of tetrameric streptavidin bound to four biotin, (C)
Side view of one streptavidin subunit bound to one bio-
tin, (D) Top view of one streptavidn subunit bound to
one biotin, *Each subunit was colored as a different color.

ME 2
Mz =3 2 HiX
)45+ BL21 (DE3) Star (genotype: F- ompT hsdSB (rB-mB-)

gal dem rne131 (DE3), Invitrogen, USA)7} G2 W & 4]

Table 1. Primer lists for Streptavidin gene amplifications

AHEElom kS 93 A= 2XTY (1% yeast extract,
1% tryptone, 0.5% NaCl, pH 7.0)5 A--&3t St}

StreptavidinR&Ate| % & E2H

Streptavidin A& 4 (Bioneer, Korea)& & 22149
Z 2% Neo I (New England Biolab, USA) # Bst EIl (New
England Biolab, USA) DNAA| &4 AR & ZH= strep-
tavidint 445 FZ317] 98] PCRE 4333 th(Table 1
and Fig. 2). PCR ¥H-& & 5 pl9] F3 DNA, 25 pl9
STRNco-5 Z&}o]™, 25 nl¢ STRBst-3' E&to|H, 5 nle 2
mM dNTPs, 5 119} 10 X PCR reaction 2% &2(500 mM KCl,
100 mM Tris-HCl pH 8.3, 15 mM MgCl, 0.1% gelatin), 1
ule] Taq DNA polymerase (5 unit/pl), 29 nl & Z¢F F/
F(Mili-Q, USA)Z 7745 9 th[12]. PCR $%3 streptavidin
FAAE A71%9%EH F, gene cleaningd A & 33t 3|4
3t a1, 3|3k streptavidinfr A A= 10 unit®] Neo I3} Bst
ETY AREAE AHE3te] TAMEQ pET-22b (Novagen,
USA)Z 224 3t Ath(Fig. 2). AFELTEZAHL 10 plo
DNA, 4 ul9 1 mg/ml BSA, 4 ul 10x reaction $Z &, 20
we 2e&FSRTE FAHAG o] WAL 1 ple) Neo
ol A7k of 37°Col A 2413k WH-3-8 ¥, 1l Bst EIIE 7}
ANA 60°ColA 243 5+ BEEAZAT. BA H71FE F,
gene cleaning® 8 -& AX AFEA A © streptavidin+H
7] DNAE 343t 223 pET-22b H3 ¥ E ¢} liga-
tiond}e] i+ BL21 (DE3) stars &2 ASA 7T}, 37°Co]

Genes Primer name

Base sequences

STRNco-5" (39 mers)

Streptavidin STRBst-3' (33 mers)

5-atc acc atg gee gat ccg age aaa gat age aaa geg cag-3’
5’-gga tca ggt gac ctg ctg cac cgc atc cag cgg—3’

streptavidin | iss

ColEl Amp*

B MW(bp) STR

700
600

500
400

300

200

Fig. 2. Schematic outline for the construction of streptavidin gene in pET-22b vector. Streptavidin synthesized commercially (Bioneer,
Korea) was amplified by using PCR with StrNco-5" primer and StrBst-3" primer (panel B). Final PCR product of streptavidin
gene was digested with Nco I and Bst EII and cloned into pET-22b expression vector (panel A) . T7 promoter is activated
by IPTG for overexpression of streptavidin. PelB leader transports expressed proteins into periplasmic space for secretion.
His6 is hexahistidine tag for detection and purification of expressed streptavidin proteins. pET-22b vector contains both ampi-
cillin-resistance gene as a selection marker and ColEl as a replication origin.



A A g $ UEebY F 22 colony PCR [17]& 331
d o 3} 3 DNA sequencing [19]2.2
streptavidinfr A 28] 7ML S HF st th(Fig. 3).

Streptavidin? &AL &a & HH|

4% 9 BL21 (DE3) starXl £ & 100 nug/ml ampicillin,
1% glucose7} &8 2XTYR 30T, T4 A& v &= At
g AEES 3000 g2 42, 108 ¢ dA A
AH AL, 2XTYZ A@EFH OA A& H AT +79 Al
ZE2 W ¥YF FY F39 100 pg/ml ampicillin (Sigma,
USA), 0.25 mM IPTG (Sigma, USA)7} 38 2XTYZ 25T,
5541 A& o dld S FEY 7, o AEs
3,000 g2 AL st FTHE AAG L, FAH A2
742 TES ¢%-£ (0.5 M Sucrose, 0.1 mM EDTA and 200
mM Tris-Cl, pH 7.5) %7}sto] 4T A 1A7F 5 wHEA
Zth. E3 TES buffer 2] & $£A48" AxQolgE 253}
34 E 9% buffer (0.1 M Tris-Cl, 0.5 M NaCl, pH 7.5)°]
AEE & F 250 st i F A5Ye FA%
Ac. FAE o¥d AELENS Ni-NTA-agarose
(Incospharm, Korea)ll 2% A]7] 31, Ni'-NTA-agarose 3] 9|
20810 sjFstE TN ¢Z8&4(0.1 M Tris-Cl, 0.5 M NaCl,
pH 75 and pH 80)F o] &3t AAstgich AH o] £ Ni-
NTA-agarose®] 250 mM imidazole (Sigma, USA)°| 4144 9l+=
PBS ¢35 8&9& A3 streptavidin® ¥ A& §&3A .
a81 %% streptavidind®d 10 wlE #H3t 15%
SDS-PAGE gel®l #7]9 &3k, o] & 0.25% coomassie bril-
liant blue R-25 &< o] &3] FA3to] YA H streptavi-

A. DNA sequences of Streptavidin
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dind¥ el &4 55 &34 21 Nanodrip spectro-
scopy (Allsheng, China)& °]&3te w55 ZAAsAT

Size-exclusion chromatography

A streptavidint & 9] 7 ¢ homotetramerE ¥ 43
T AL H FFAG o7 Ao]7] W&ol denaturation®7
9l SDS-PAGEE FalMe #dstA 24T & flen=
Superdex 200 increase 10/300 GL column (GE healthcare,
USA)<& ©] 4313, 1X PBS buffers 4% 434402, flow
rate 0.75 ml/min & 34 size-exclusion chromatography
(BioRad, USA)E 3 3to] A E streptavidin® &7 4
homotetramer® 4 75 2430t

-

3D structure of streptavidin

9l 3372 data bank$l RCSB PDB (http://www.
resb.org/ pdb/home) 9l A1 biotin# A3 ¥ streptavidin com-
plex® 32 %(PDB ID: 1STP)E %toluj o] Discovery Studio
40 visualizer (Accelrys, USA) Z2 198 o] &3] &43la}
o EAstAt(Fig. 1).

SDS-PAGE

SDS-PAGEE B-2 mercaptoethanol & A48 34 x719)
15% SDS-PAGEZ A &) = %1 T}H6]. Running gel2 10 m12] 30%
acrylamide$t 0.3% bis-acrylamideE &<, 25 ml® 3 M
Tris-HCI pH 8.8, 7.5 m1¢] dH,O, 200 ul¢] 10% SDS(sodium
dodecyl sulfate), 25 ul®] TEMED, 25 ul 9| 25% ammonium
persulfate® | 25 1. Stacking gel 1.7 ul®] 30% acryl-

atgaaatacctattgcctacggcagecgetggattgttattactegetgeccaaccagecatggec(pelB leader)

gatccgagcaaagatagcaaagcgcaggtgtetgetgeggaagegggcattaceggeacctggtataatcatctgggeageacctitattg
taaccgcgggagcagatggegcegttaactggeacctatgaaagegetgttggeaatge ggaatctegttatgtictgaccggecgttatgata
gcgcecccagcgaacgatggeageggeacagetetgggetggacggtcgeatggaaaaacaactatagtaatgetcacagegegacca
ccaggagcgggcaatatgtgggtggggcggaggegegeattaatacccagtggetgetggeticaggtaccaccgaagegaatgectgg
aaatccacgcetggtgggecatgataccetttaccaaagggaaaccgagegecagcaagceattgatgeggecgaagaaaaccggegtgaata
atggcaatccgetggatgeggtgcageag(streptavidin gene: 477 bp)

acagccgcactcgagcaccaccaccaccaccactaa(polyvhistidine)

B. Amino acids sequences of Streptavidin

MKYLLPTAAAGLLLLAAQPAMA (pelB leader)

DPSKDSKAQVSAAEAGITGTWYNQLGSTFIVTAGADGALTGTYESAVGNAESRYVLTGRYDSA
PATDGSGTALGWTVAWKNNYRNAHSATTWSGQYVGGAEARINTQWLLTSGTTEANAWKSTLV
GHDTFTKVKPSAASIDAAKKAGYNNGNPLDAVQQ (streptavidin: 159 amino acids)

AAALEHHHHHH - (polyhistidine)

Fig. 3. Sequence analysis of streptavidin. DNA sequences (panel A) and its deduced amino acid sequences (panel B) were shown.
In panel A, The start codon and stop codon were underlined . In panel B, secondary structures were indicated as different
colors (coil: black, blue: sheet, red: helix). Underlined amino acid residues are involved in biotin binding.
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amide$} 0.3% bis-acrylamide& g, 1.25 pl¢] 1 M Tris-HCl
pH 6.8, 7 ml¥ dH;O, 100 pl& 10% SDS, 15 ul& TEMED,
15 19 25% ammonium persulfate® T4 & A t}. SDS-PAGE
£ s @d AJE 20 plo} 2 X SDS gel-loading buffer 20
s st 100°Col A 583t 7FE A Y E+ 100°Col A
587 7tEstA &2 2% 7Y streptavidind ¥ 2 20 plg £4
o AH&3Fth 2 X SDS gel-loading buffer= 10% -2 mer-
captoethanol, 10% sucrose, 125 mM Tris-HCI pH 6.8, 0.5%
SDS, 0.02% bromophenol blueZ T4 =%t SDS-PAGE
running buffer+ 2.85% glycine, 0.6% Tris base, 0.4% SDSE
TAHAD A7 9E0] B gel> coomassie blue A&}
(10% glacial acetic acid, 0.02% coomassie blue R-250)%.2 @
A &, &Y (10% glacial acetic acid, 10% methanol)&
Agste] TEd @AY EAFE % SHE L4

Westernblot

Biotin®] coupling® bovine serum albumin (BSA) 10 pl&
719 59 © 2 SDS-PAGES}FL nitrocellulose membrane
(Millipore, USA)©.E transferdt$ith. 12]1 transferd
membrane& 2%(w/v) A §-FE E%3 PBS-T (PBS, 0.02%
Tween 20)¢3 8% < o] §3to] oA 143 5 block-
ing¥t TH, PBS-TE 23] A &3l 9ith. BSA coupling® bio-
ting BA =S #4357 Hel FAE streptavidint 3 2
< dAFAR Agete] 1A T FEAZT ol HH
A% 84& dolr] 93] KCl ¢35 494300 mM KCl, 40
mM Tris, 5 mM 2-mercaptoethanol, 2 mM EDTA, 0.1%
Triton X-100, pH 7.4) NaCl &% (20 mM Tris pH 7.5,
1 M NaCl, 1 mM EDTA, 0.001% Triton X-100 ), phosphate
584 (16% of 0.2 M NaH,PO, 84% of 0.2 M NaHPO, pH
7.5), phosphate %8 (92% of 0.2 M NaH,PO4 8% of 0.2
M Na;HPO, pH 58)% 4579 €584 AH&stoith bl
33] PBSTZ A& & 22 FAZ AF 9| anti-polyhistidine-
HRPO (horseradish peroxidase) (Santa Cruz, USA)E block-
ing #5840 1:1,0000.2 A5t ALt HFH o2
PBS-T washing #% 8402 53 AMHF T& chem-
iluminescent 7] @ (Advasta, USA)& ©]-&3] X-rayZ & (Fuji,
Japan)& 73 AA streptavidin®] biotin®ll g AFFFE
gl

Z

Streptavidin®| 28 I HA|

HAE streptavidin®] FAAE FH o2 st PCRE A
Akl ZZH PCRAHE (Fig. 2B and Fig. 3A)< Neo 1Y Bst
EN9 F AgEAE o] &3t pET-22b LFHEHE 224 3}
A TH(Fig. 2A). S LA E = 5 upstream®l| T7 promoter

7h EASEH &, sFAZE o] &8 BL21 (DE3) Star®| T7
RNA polymerase’} IPTGOl 93] 55| T7 promoterg
AN A streptavidin®] T AL H S A ZtH(Fig. 2).

A
Ka  Mw 12 3 45 6 7 8 9 10

97
66—
45  w—
30 w—
20.1
€= 17 kDa
14,4 w—

MW 12 3 4 5 6 7 8 9 10

a
= 58 kDa
—

Fig. 4. SDS-PAGE analysis of streptavidin expressed in E. coli.
Expressed streptavidin protein was denatured with boil-
ing or without boiling. Each sample was loaded onto
15% SDS-PAGE gels. Monomeric streptavidin with boil-
ing was migrated as 17 kDa (panel A). Streptavidin with-
out boiling was migrated as 68 kDa suggesting tetrame-
rization of monomeric streptavidin by non-covalent as-
sociation (panel B).

B
kD
97
66
45
30

20.1

14.4

I MW marker

N Streptavidin
m-
S
£ |
T
=
8 - 1.35(kDa)
-~

158 17
! 670

o 02 o4 o6 o8 1
Column Volume »

Fig. 5. Gel filtration of streptavidin expressed in E. coli. Purified
streptavidin was loaded into Superdex-200 size exclusion
chromatography column. The streptavidin was eluted as
a 68 kDa suggesting tetramerization of monomer by
non-covalent association.




E3] N-Z9 pelB leader sequencesE EFAZOZH A
*VH WA streptaviding E. coli®] periplasmic space® 41t
sto] BHlE Z73HA stglon 24, 2 H streptavidin T
W4 9 periplasmic spaceZ 9] 0] o2 &FAE AEZ
ol 4 ¢] endogenous biotin} A& H 43t SFA LY
ARG ol el 7t HA GEE s AA, AL
streptavidin N-ZHo] pelB leader sequence’} &8 3
2 ZAste] A9 33 25 YA R EE endoge-
nous biotin#¢ ZAgo] dojubx &om[14] periplasmic
space®ll Al signal peptidasecl] ©]3} leader sequence”} | 7 =
o] A streptavidin¥to] # 2] 32725 ZHA| 3t biotind
A4S golshl sttt A2 SFA L Aol F
e A YOHA streptaviding FHAZ F Qe
S 7E5Ath &9 C-E ol & polyhistidine tags 33}
Al 3te] Ni'-NTA-Agarose affinity chromatography®l <] &
AAE 7HsstA sk AthFig. 2A).

SRS

HNE streptavidin® T3 S& 4 7543

A E streptavidin B9 2 & 15% SDS- PAGEOH A A
A% 10 mg/ml ~ 20 mg/mls 9 333 £& I5&S UE
yslew 53] boiling A& o 17 kDa«] monomer?|
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4B). SDS-PAGE®] A #& HAH streptavidine &4 &4
AP 2 & FA = o]w sample loading bufferel re-
ducing agent?! B-mercaptoethanols F7}ate] disulfide
bond®ll ¢} & tetramerizatione #4135k o1} Fig. 4A¢] boil-
ing 27 oA+ monomerE ¥ 3kl Fig. 4B boilinga}#|
%2 24 B-mercaptoethanol S H7138IA ST tet-
ramerE P43t 2O E Ho} streptavidin® tetramer ¥ A
<& disulfide bond®ll 93} FAE = Zo] ofvjet vl 2 Gl
A&} tetramer’t HHE AT F AN &, TLIT1N
subunit7} Bl F-FA %o 23] homotetramers 4 ES &
T A% Th(Fig. 4). E3 size-exclusion chromatography 4] o]
A% 68 kDa®] single peakE e o] Fig. 4¢] A} dA|F
S Yetuidlon HAE streptavidin S 4EH o2
tetramer 3B} & frASHL leS € F AATH(Fig. 5).
BAE streptavidin®] 715 AE37] 913 bovine serum
albumin (BSA)< biotinylationA] 7] 2L biotinylation®l BSAE
nitrocellulose membrane®l] 7] gEHH o2 FHAZ s
ZAE streptaviding Y2k A £, anti-polyhistidine-HRPO
FAE o)A FAZ WA A streptavidin® biotin AHH &
48t oW biotin2 ¢o| HA3LE A17]7] 98} pH, salt
geete 4879 OE biotin 2%

T 9 detergents £ &

A e YEbW 9l o H (Fig. 3A and Fig. 4A) boiling= 3} 48 d < AEatdeH, 1 23 KA, pH 759 4589
%2 79 oF 68 kDa ¢ tetramer®] HAt% S VERY Sl TH(Fig. Al streptavidin® BSA 9] biotin®l W&t A o] 744 =4
A
Antigen Primary Secondary antibody
BSA-Biofin Streplavidin in KCl buffer Anti-His6-HRP
BSABiofin Streptavidin in Nadl buffer Anti-His6-HRP
BSA-Biofin Strepiavidin in phosphate buffer, pH7.2 Anfi-His6-HRP
BSA-Biotin Strepiavidin in phosphaie buffer, pH5.8 Anii-His6-HRP
BSA-Biotin - Anti-His6-HRP
B MW
(kDa)
97
66
45
30

0

Kcl

Nael

0

Phosphate
buffer(pH 7.2)

0

Phosphate
buffer(pH 5.8)

T

Negative control

Fig. 6. Westernblot analysis of streptavidin expressed in E. coli. Biotinylated bovine serum albumin was coated onto nitrocellulose
membrane. Purified streptavidins dissolved in four different buffer and negative control were added as a primary antibody
and were followed by the addition of anti-polyhistidine - HRPO(horseradish peroxidase) as a secondary antibody (panel
A). Chemiluminescent reagent detected binding between streptavidin and biotin coupled to bovine serum albumin in KCl,

pH 7.5 buffer (panel B).
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Uetstth(Fig. 6B). @2k AAE streptavidin B2 &
Streptmyces avidiniiol A Y ¥ = streptavidin®} 22 tet-

ramer TZ& 7t biotind] A% 3st= 715 S UE L oS
S 9T 4 AU
I &
AAE E. coli o

% R streptav1d1
U

A AEH AAE =& 35S e oH
Y3 omotetramer‘éﬂ]i biotin®ll o3 Ag= S el
Atk B ATFE B3 A7l 7154 streptavidint ¥ A& bi-

otinoll & £ 2#H & YehHER ¢ O 2 affinity chro-
matography = &-83}H biotinylation®l 92 <] A 7} 7}
53t™ Eg ELISA, Westernblot ¥ immunocytochemistry s
oA oA A5A%S BRele BFoEE B8 £ S
Ao 2 AZAY. X streptavidin®] 2 THEL E. coli
g A 2~FH o2 o] o] &5 & glutahtione-S-transferase %
@ A 2H"l[15] =& maltose binding protein [1]& ©] &3 &
A 2" o] TN Ao TP LHOoE o] &5 o
A 4 A& Aot} Streptaviding] tetramers At 7=
zjl gxl_g Fd’ﬂ“ O_Q_E]—Hﬂxl_/] tet’ramerd"q _1‘:_/\]74
T23 A5 B Vs FANZ F S Aotk o9 2ol
streptavidin® TH43HA §87Fs 22 & Ao 33
biotin®l 2% ¥& YEf = 84 streptavidin T2 o] o

O

FYAe o LI} F Ao A4EY,
2t 2

B ATE0B3YE FUTistn Rl FrdA Aol s
A E o ofd ZAEHYT
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