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Effects of Mutation at Two Conserved Aspartate Residues and a Serine Residue on Functions of Yeast TSA 1
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Alignment of 967 reference sequences of the typical 2-Cys peroxiredoxin family of proteins revealed that 10
amino acids were conserved, with over 99% identity. To investigate whether the conserved aspartic acid
residues and serine residue affect the peroxidase and chaperone activity of the protein, we prepared yeast
TSA1 mutant proteins in which aspartic acids at positions 75 and 103 were replaced by valine or asparag-
ine, and serine at position 73 was replaced by alanine. By non-reducing SDS-PAGE, TSA1 and the S73A,
D75V and D75N mutants were detected in dimeric form, whereas the D103V and D103N mutants were
detected in various forms, ranging from high molecular-weight to monomeric. Compared with wild type
TSA1, the D75N mutant exhibited 50% thioredoxin peroxidase activity, and the S73A and D75V mutants
showed 25% activity. However, the D103V and D103N mutants showed no peroxidase activity. All proteins,
except for the D103V and D103N mutants, exhibited chaperone activity at 43C. Our results suggest that the
two conserved aspartic acid residues and serine residue of TSA1 play important roles in its thioredoxin
peroxidase activity, and D103 plays a critical role in its chaperone activity.
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FAZE Holz A F7Y HEAHSA FAaLE 7
Atk HLA Y 5412 NADPH, €254l Shdd 4,
e sios 14H god 5l AAHOREE S
< Ao JAFES ST S0 W7t Fol 7|25
HEAAE5AE BF 2-Cys B A=A (typical 2-Cys
Prx), | A& 2-Cys H2 A=Al (atypical 2-Cys Prx) ¥ 1-
Cys Prx9] 371 215° & 288 4 9t A4 2-Cys Prxs
(Prx LIV)& ofu|icieto] AFsHE T} 43 w8aho] 2]
Ao 429l A AH el &7 (peroxidatic cysteine)?}, of
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o =g AL R 7 E QYA A T SHEAEE £
9] A A g2l 7] (resolving cysteine)S 7}A| L QJlth.
B F otu ket A AH AL BHAFSHE T -5}
Abo 2 S, O E HEAIY 5419 FHEAEE £e
A 2EQl 2E7)9F EA; Ato] o|8Et Adts FASHA He o]
= Heg =4l Alade o) SdEn sulitoz SHE
H[A3 2-Cys Prx (Prx V)9] opn|:UTh A|2FUS 5H &
SHA Y FHEAET F4 o] A LE QL Z7|o EAF W o]F
A A5 ol Hed sl 93 . vhd
o] 1-Cys Prx (Prx VI)2 €4S FAetH F3ehE9 9
3 SHE 4 e Y S A2H A 271E 7R QL
tH1-10].

0% 2.Cys HEAHBALS 3.8 chobA] TR T op
o £2 A EL R 752 Sk HuskiT11]. AFHE
BHAe B gy A AAH T2E AT 4 s
% g9le WU e SAFE 7% S Trhie-1y, 127 &
A A BEe g2 Ggol ol2olx 4 gAY, A
728 A R 45T A4S, Lol W] o)
AR 7271 B9 A9 DA o o|5S 99 whuide] 7
27} Zol7l A9 BAAT P29 s whgaiol oy
4o U AL LHE F2E 94T 5 YA =9
FE 7% ot Ao R RuHSATH15-17)].
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2-Cys WS AHSAZ S0 4D A

olu| Al A EAEE NCBIQ PubMed Protein & 3H-2-A]
Y = Al 231 A E(reference sequence)S A3 A 2-
Cys Prx2 A®)3}91, CLUSTAL W X2 718 (http:/
www.genome.jp/tools/clustalw/) & o]-&3}o] A g A& 3s}o
wzd )8 29T,

$AA g2Y Uity
TSA19) 353l DNAL &% ¢cDNAE 3 o2 3}d
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PCRY | 93| A|=st¢iTt. ofn]=Uthe] Zatojm= Nde I
Agasr 242 (LE)Y NANZES =Yg 5-AAACATATG
GTCGCTCAAGTTCAAAAGCAAGCT-3S A3t 1, 7}
EA o] Zato|lHs 2HAFET} BamH [ Astas 2
(B&)2 =93 5-GGATCCTTATTTGTTGGCAGCTTC
GAAGTATTC-3'E AHES St Al9lE dabd, ofATtEAL
< WA ofAutEtH o F WHolA[7] TSA1 WHo| Tz
(S73A, D75V, D75N, D103V ¥ D103N) AZRE Y3
TSA19] EetAN|ES FF O 2 st 7} Z7]|& HolAFl =
go| & o] §31¢f 12} PCR ¥ &, PCRAES 302
opu| =Tty FHEAYT Zato|E Jhste] 22} PCRE 3
of o] iy FHAE AzxsAtt. 12 € 23} PCR2 &
2 ¢DNA 100 ng, ZF 20 pmole?] Zz}o]H 9} 5X Taq-PCR
Mix (Genotech Ltd)y& ¥oiFal ¥HSAIRTH HojA PCR At
£2 pCR 2.1 vectorol] AdstA o gt=7] 2t ALL
FFE oFste] A7 E EA5t] Elsith. Nde I
3 BamH I At a2 A2|3 TSAL 9 ¥o] eid 54
A5 e F@HE pET 14boll =352 BL21(DE3)
g UE AAH FA=QEA

Az SRz ol ZA

TSA1 @i d-& AA|5t7] 913 LB vjR|of] Hdo] 1
ZE2YE 89435t 1 mM isopropyl-1-thio-D-galactoside
IPTGHE 9 HH& F=ste] FAE EstAT

250 B47] & o] 43}o] ul 3t His-tag TSA19} His-
tag EAHo] A E33 XFEE-S Ni-NTA chelating
agarose CL-6BZo] ¢3}3 300 mM imidazole $H38-Y
(pH 8.0)0.2 2|14 EE3¢lth. SDS-PAGER £A]5}o
54 oA 2oste BYES oo A AR
—70Col ®¥stqt

istas 84 £4

Bl e sl oEA itstas &4 Htstas
ofste] AFste g e EAlo] B sl shdas
thA] 2 E o NADPHVL Atgte = £ =8 7|2
3ttt 0.2 mM NADPH, 6 uM B 23 =41, 0.3 uM B 2
FEA FPas, 1 pMY Z4Z deA A E, 50 mM
HEPES #589(pH 7.0/& ZUSH: 0.5 mle] #3492
30C7} HEE A EE ¥, JitEeaE 1 mMo] HEE 7}
St ¥Hg-& A|&she] B33 = A(U2800 UV-Vis Double
Beam Spectrophotometer, Hitachi, Japan)E& ©]-&3}%]
340 nmof|A] NADPHY] &34 = 74 E =434 H20, 21].
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Schizosaccharomyces pombe T34t ABA & A (citrate synthase,
CS)E AHg-3te] 43T A B o] S o= QI3E Blo} 4t
% 2718 Aok 4O Z4eldth AE2A A4E
2 1 UM< £33t 50 mM HEPES €389 (pH 7.0))
S ARE ST ERBEAS o] g3l 4308 97
St A A|7He] 5o WE 360 nmol A WO At A= E
=73gch2z).

RN
B3 2-Cys HEA |G ZAA & HESR 2]

3 2-Cys Prxto] £38h= WA SA A E 1,0247]
> REAHY AE 5 AT 967 MEE FH3HS o
99% ol EEH F71E BFE 10/ HchFig. 1A). o7]ol&
HEAHEA Zof GAof Bas opoldy U ARAY
ok Z0] A AEQl A7 (0] R TSA19] ofu] At 7] €]
2], Cysd8 9 Cys169)2} &4 A9 714 223 27 Q
Cys48 ¥ F 79 57 27| (Pro4l ¥ Pro49), & 7
o] Eg /A" Z7](Thr45, Thr50), 121 S FEHTIAF
A7) (Glus)7h YR, HEH F AJ2H QA 7] Afolof] &
] ok 23k EAF 7] (AspT5, Aspl03)3} FHEA T Z o]
= A9 of27|d 27| (Argl24, Arg154)7} QLT (Fig. 1B).

Cys48, Pro41, Thrd5¢} Argl124 Z+7]= A¥ 2-Cys Prx
2 W ol BE HEAEAY & BEH Ao &
AT S B4 Zast obn]ie T A AH QY Y
= & HZE 0] Ql= Pro4l, Thrds U Argl24ef 93] &8
o] gk, g9} BHABHES Pro419] WEd 19 9
3 AL 7hsAdol AgtEol HAakstEe AT 2ipAkS)
(overoxidation)E 9ro}EtTh Thr45= ofu|le L] A|AH|
A 271% 3.0 A% B 4 AL 0|27 o] FAR T

o © 0w wo® £

8 € 23883 8

...... P . T/SSCRT/SE covmasncn kD
B

ofof] f-2jsitt. Argl1249] @714 FotUd 17 AAHA
o} ofu] e ek A|2H Q] 3 YAk A7t 74 Ao g
H 23 71A YA SHaL lo] &4 A A|2H 1] pKa gt
= RFo] o] 23} FAS HAEA Frhar HuEQITh4, 23~
25].

Asp759 Asp103 A7) = ZHZF 100%, 99.7% HEE 1 Q)
22 SR Ser732 97% REFH T AHY Prxo 2
ATFE Ao o5t 75 9 1039 ofATEAL X7]= o]
A7b 2ol RrEo| A= AFA LA oA &} o] FA Y
A& 245t Z49422E 14 A = oA 9l
< B3t H26].

AS7HA AE 2-Cys Prxatoll &3t= HEA|H F4l 2
HEEo] Jlovt As AGE A g2 ofATEA X179 Al
A 719] 75 gotE7] flaf I E opAuiepri o
ghsto] Jolo] Ao njA= P AHEL, AdS &
gtd o2 X|gste] ofAutEAN Alflo] AR TSA19 H&
AlttobA] &4 2 Ak 2 A0 A= PSS AHEdT

Az A% TSA1Z Ho| Tzl o] A

ofATEALS] S5t F oS dotk | Y3f 758 9
103 ofAWELL 7|5 oAtz o 2 2 $HAIZ] D75N
9} D103NzZ}, of AT EALS] S 9] Fa4E Yotr 7] 3]
w0 2 X|3kA]7] D75V D103V Tl A-S Zn|5kgc}. A
A 2719 £44719] 7)5S dotr7] 8 AlF2 gEfde
2 Attt

AAE A =g TSA1T Ho] thill 28 SDS-PAGEZ £4
Sttt A4 TSALS}H BE o il A2 23 kDad]
S o974 Fei 2 eyt th(Fig. 2A). D103 o] gz o] A
< o BolgiF o nlaf o]F o] o7t T2 YA A Y
Byt o= C48 WHol GiE 9] o]Fo] =A Uehd A&

KN
=

o
=

>Qi|6323613|ref|[NP_013684.1| TSAL [Saccharomyces cerevisiae S288c]

MVAQVQKQAPTFKKTAVVDGVFDEVSLDKYKGKYVVLAFIP4ILAFT#FVC48p49T>0
ES'IAFSEAAKKFEEQGAQVL FASTD’>SEYSLLAWTNIPRKEGGLGPINIPLLAD T
NHSLSRDYGVLIEEEGVALR*“GLFIIDPKGVIRHITI NDLPVGRNVDEALR™4LVEA
FQWTDKNGTVLPCNWTPGAATIKPTVEDSKEYFEAANK

Fig. 1. The highly conserved amino acid residues for Prx_Typ2cys group (A) and amino acid sequence of Saccharomyces

cerevisiae TSA1 (B).
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Fig. 2. Analysis of purified yeast TSA1 and mutant proteins by SDS-PAGE. The purified proteins were separated by 12% reducing
SDS-PAGE (A) and 12% non-reducing SDS-PAGE (B). Coomasie brilliant blue R-250 was used to visualize protein bands.

5 Ao} wadt Astedrier). e 2 A4 A7)
9% 5}‘2‘1—% o] S73A, D75V} D75NE TSA1 =L 3sHA

o 2 JEta, D103Ve D103NE 439 kA
g ola:w% EHsto] ohS Thoret Gl ekt (Fig. 2B).
o] A3} 73812] AlA 7|9} T5¥l 9] opATFEA WYL B
o) 7he] ol AF WAl FFL WAA g Ao
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2 A E e ol 103 Wo| Tl o] w]gAHE o] 3}
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Fig. 3. Trx-dependent peroxidase activity of purified yeast
TSA1 and mutant proteins. Trx-dependent peroxidase activity
was measured by the oxidation of NADPH. Assay mixture con-
tained 0.2 mM NADPH, 1 uM yeast TSA1 (@), mutant proteins
((S73A (a),D75V (m), D75N (), D103V (@) and D103N (<)), 6 uM
Trx, 0.3 uM TR, and T mM H,0,.
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Fig. 4. Molecular chaperone activity of purified yeast TSA1 and mutant proteins. Chaperone activity of yeast TSAT and mutant
proteins was measured to protect thermal aggregation of citrate synthase in 50 mM HEPES-NaOH (pH 7.0) at 43 C. Substrate aggre-
gation was monitored by measuring light scattering at 360 nm. Chaperone activity was measured in the absence (O) or presence of
TSA1 (@) and mutant proteins (S73A (a), D75V (m), D75N (1), D103V (#) and D103N (<)) at subunit molar ratios of TSA1 to citrate

synthase of 4:1 (A) and 8:1 (B).

H g o 50%2] B4 et Sith(Fig. 4A).

AR TSALY EFQ E&F AHHE S & AHET] 9
3 TSA1 9 ¥o] Tl dal A EEAL T a4 Hl&E 81
2 ukg3te] 24319t D103Ve D103NE A3t =E o
o] 43CoA A EZA a4 F B gt &F
< AAISHh(Fig. 4B). D103V} D103NS A ¢Jgt of2 ¥
o] AL B A2 AL AL Sl A E &
AL Uedi=d A=A 440 SRt e o9l
n& AA Z2utE g A oIS o] &5t FHA
P42 AmE A7} TSAL, S73A, D75V € D75NL 133

£ A5t o= AE &4 At dAlskct. o
Al EAE 271 8] o FA| 7} Hof AFAE FAdst=| °
o o|FA o HEH Yl Y ofATEA 27|17 2
F2E el o5 Z71E WolA7 = F ¢
2 A E A0 BEE HEY= AeR B

24 ogh R

o
=
5] 9]
SRR
of A4H A G40l & REH FATEL B7|7} 7]
ofshis Aoz BerEh

o

2 ol [

2 o

HEAAEAL E 0 EA, Bl 2|54 $AFL, NADPH
2 o|Roj7l H 54l AATe) UG o] §3te] Tl
sge A e BodS4 B as ST} o2
Qo] AwlAol] o3t 3L Golrt AR BHS 2 &
olth. A 2-Cys Prxitol &3k HEAHEA HuA

102470 & FEHQA NE 5 A gt 967 AEE FE
st3le W 75RIT 1039 ofAMEA TH7]= 99% HEE Q)
I, 7390 Al A7) 97% HEEYLE Bpetn & B
9 oFATEAL Z7|ek A7 2] o) s EE )R] ekt o]
ZE717F TSA19] F7HA] &4 @4 ujA= 9§ Lote
7] Y3 Az dHF S o] &5t BAEE YotE Tt in
vitro A8 F5te & BEH 7171l 1039 of AT EALS
758 oA EAETH Bl o HE4 HEAHEA S € B
A} A2 EAJol o FFE v|X] 1, 1032 SHs= B4
A E 40 S8 98-S st RSt a LSl 75
#1039 SAsIE HAFE & 4= ATk B3 739
Al™ 7] GA] Fastase] g v 7|dS ¢ ¢
At FT Eof a1 HEAH 541 TSA29] 7983} 109
Hol Al 718 Al2H I 7|2 HolA7]l F$- F Ho
ol mE apAstE A G4 3 AFEE &4 0] SUHE A=
o] o] B-sheet +29] F7t2 FAEHE AR Bt
t}H28]. o] & T+ AlF &7]E TSAL 29 9atd 2% oLt
A o YAstgt. v o] 73H ] A7 ZH7]+= B-sheet
o] C-Iete] YAshe 272 HArstaE A S0l oigh g3
ol tEA et ALCE FHEY. 3 A W A
55to] ofATEAF 7] 9] Blol7} wAkSHE A Aol ]|
© 9% 9 g A/ (thermal stress)ol| v]A]= G AT
a7t ok B3 opAREA 27] 9} BHAEEHE T B
W B2 AR 29 wh3of Aol 7t B a9lo] AR
gt F7F A7t 2o Aol

fihe
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