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ABSTRACT Toll-like receptors (TLR) are important components of innate immunity in the defense against

pathogens. TLRs recognize pathogen-associated common molecular patterns. TLRs are similar to the receptors

involved in defense responses in plants. TLR protein is a type 1 membrane protein, consisting of an extracellular

domain containing leucine-rich repeats and a cytoplasmic domain. The cytoplasmic domain delivers ligand

recognition signals that result in production of anti-microbial agents. The cytoplasmic domain (amino acid

858-1032) of toll-like receptor 9 has been expressed using methylotrophic yeast Pichia pastoris. The protein

expression was confirmed by Western-blot, N-terminal sequencing and MALDI-TOF mass spectrometry. The

proteins have been purified by nickel affinity, cation exchange and gel-filtration chromatography.
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H23) BEe WA wARd el ek,
Sate 2 BEE A W9r)ze 7hA L vt (Med-
zhitov and Janeway 1997). A4 WA= njAlEo] &
A WL QlAEhE S 4AS0] B glck (Akira et
al. 2001). 2]E-)= lipopolysaccharide$} flagellin, 7]
ergosterol 3} 22 n| A S Ty EAHHES AA 5t
SAEo| Mxeta AExule] EAlstar & o] %3414
glth (Nurnberger et al. 2004). 137 X479} S5 =
ETJr 22 4~&-3 (Toll-like receptor; TLR)7} 1) A &2
2170 Beishs 484 Az Azl Eaee
(Rock et al. 1998; Aderem and Ulevitch 2000), pepti-
doglycan, lipopolysaccharide, B}ej2]o} DNA, RNAS}
flagellin®} 22 vAE 2] 542 2AHS A=t}

(TIR) EH|glo.

*Corresponding author Tel 055-751-6257 Fax 055-759-9363
E-mail: Ikh@gsnu.ac.kr

(Aliprantis et al. 1999; Yoshimura et al. 1999, Hemmi et
al. 2000; Alexopoulou et al. 2001; Hayashi et al. 2001;
Takeda et al. 2003). A F 74 &9 H 107}x] Q7+
TLRE |13 whehid 24 leucine-rich repeats (LRR)Z
TFAE MEe] =2l Toll-interleukin 1 (IL-1) 4§
2 T/dEe]9itt (Takeda et al. 2003).
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AzE dAAgwA MyD88o| ol&sh= Az TIRAP
(TIR domain containing adaptor molecule)?} Mal (MyD
88-adaptor-like)o] #olatE MyD88ell 2l&slx] ¢ A=
7} 9it} (Fitzgerald et al. 2001; Horng et al. 2001). E&
TLRo| % A28 tf 713 At shom olels 15
Qo] zfoji= MyD88zt TIRAP (& Mah¥ ZAgste] &
&34 217pe) TIR Elle) 7242 Aol mioletn 4
Zbsjo} 7tk 274 TLR12H TLR29) TIR Eolle} 4
AT AAALEH, 0% oA de] U
o m Bpetn Be F2AQ AolE Holi Y (Xu et
al,, 2000). TIR =o]9) ehalde) bl e 9lgjo] g
oA 2] Lao] AmH Ao} Whao] Agkol7] wiEe] AR
It Pichia pastorisol| X 9] H&8 & A\ T8I T) P. pastoris=
methylotrophic ERFO.& o] 7}x] o|F dldg i
ByshEd ATFAoz ARgEoA gt (Higgins and
Cregg 1998; Cereghino et al. 2000). P. pastoris A 2=
ge oz waAzdgd vaske oz 71 A4e 7
. A&}, alcohol oxidase I F-42}2] promoters A&
gto] el vrld g wEe 4 glom, ddE dhiEo]
AR BuHE7] o] e FeAA s} Bolsitt
EAAe Ay gk 13, o] a2 gE AHEE AL
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Pichia pastoris o o5 X-337} TIR gz o] BH &
e AbgHSd 185 g TOPIOF' 7} 5L plasmid
Az AL2E T (Invitrogen, USA).

diBHIE] pPICZaA-TIR9S! HIZH

TLR99] TIR =wjQ] F& (oFr]xAl 85944 1032)
TLRY ¢cDNA 2 5-F| primer 5 ‘—gcggaa:ttcgggcggcaaagtgggc-
gagatg-3’ (forward), 5’ -gcgggtacctcaatgatgatgatgatgatgatgt-
cettcggecptggeteectg (backward)E AR&-3le] PCRE 3
sttt =29 DNA %7H& EcoRl1F} Kpnlog2 A& ¥,
Pichia pastoris @ pPICZaA (Invitrogen)®] FEcoRl
(5" end)9} Kpnl (3" end)oll Z&d3}a pPICZaA-TIR9 #
E]2 259t} (Sambrook and Russell 2000). TIR9 &2l
DNA A d& DNA g7|-EEA (Church and Gilbert
1984)0] ojste] &lstoitt

P. pastorisoll A} njdsidFol (HETE TIRY
clizlol ghed

P. pastorisol] BAAEE7] lete] 5-10 pgel pPICZa
A-TIR9 plasmidZ #|$+& 4 Pmill o= e} A8 slslach
A8stEd DNAE 25 uF, 200 @, 1500 VelA electropo-
rationd}o] P. pastoris oFAE X-330 FAAFSHCE 3
A AZA & 30T A 100 ug/mL Zeocin (Invitrogen, USA)
& 383 YPD (1% yeast extract, 2% peptone, 2% dex-
tros)d Ao 719 Adatirh. TIRO DNAZZo] gupa 7]
Also) devtE st A AL Pichia
cloneol| 4] genomic DNAZ Re}ala H@we] A 2of A}
45199 primerE AHg-3te} PCRE Fastsich Add
Zr gl W3S ¢8jA BMGY (1% yeast extract,
2% peptone, 1.34% YNB, 4x10°% biotin, and 1% gly-
cero)Hi Ao HF8kar 2442 FF 71 T, 4T
1500-3000 x goll A} 527 4l BElste] AZE B2o1 &
F7} 1.00] H%E BMMY (1% yeast extract, 2% pep-
tone, 1.34% YNB, 4 X10°°% biotin, and 1% | gt-&)ul=] o
2 5 e w9 S 9lske] 30Tl A 180 ipme] £E=
Be}ylol| A vjoksiginh. eid 2dE fr=at] sk v
24X 7Hkeh 1%9] mghe-S wiz|of H7tetadnh 7242 &
oF kst &, 4°C 2000 x goll Al 1083 AR ste] AE
2 AAsAL dEAe Bt (Figure 1).

TIR subcloning into Pichia

v

Transformation of pPICZalpha-TIR into Pichia
strain X-33, GS115, KM7iH

;

Selection of (+) clones carrying TIR fragment

by PCR

Screening of clones maximally expressing TIR

pPICZalpha

expression vector

proteins from small scale expression test by

Western blot.
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clone confirmed by small scale expression.

Figure 1. Steps for TIR protein expressin in P. pastoris.
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Figure 2. Amino acid sequence alignment of the cytoplasmic domain of human TLR family members. Amino acid residues
conserved in least four molecules are highlighted by solid shades. The amino acid residues are indicated by single letter code.

Figure 3. PCR to confirm the incorporation of the TIR9
DNA fragment into P. pastoris genomic DNA. Lanes | - 10 are
P. pastoris transformants selected and lane 11 is 100 bp DNA
marker.
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Figure 4. MALDI-TOF mass spectrum of TIR9. The peaks are
corresponding to the mass of the peptide fragments of TIR9.
This indicates the protein expressed in P. pastoris is TIR9.
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Figure 5. Purification of TIR9 expressed in P. pastoris. A) Western blot of the protein purified from nickel affinity chromatography
probed by anti-his antibody. B) SDS-PAGE of the protein purified from nickel affinity chromatography. C) SDS-PAGE of TIR9

purified from gel filtration chromatography.
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