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Mycothiol (MSH), a low molecular antioxidant thiol compound, was purified and analyzed from Streptomyces coelicolor A(3)2
by the moncbromobimane fluorescence detection method modified by this lab. Through HPLC chromatpgram, MSH fraction
was obtained following the elution time of standard MSH (donated by Dr. Robert C. Fahey). That MSH showed the highest
concentration among the thiol compounds contained in the cell indicated that MSH was the key thiol compound having
antioxidant activity. To understand the role of gene of inositol monophosphatase (I-1-Pase) involved in the MSH biosynthesis,
it was isolated from S. coelicolor A(3)2 and cloned and overexpressed in the Escherichia coli. The expressed l-1-Pase was
purified through Ni-NTA column. The soluble protein consisted of 281 amino acids, and the molecular weight was 32 kDa.
I-1-Pase of S. coelicolor A(3)2 had the sequence homology with those of human and E. coli by 24 and 25%, respectively,
and had two conserved domains (mofif A and motif B) which were typical of I-1-Pase.
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inositol monophosphatase (I-1-Pase)
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Mycothiol (MSH)2  1-d-myo-inosityl-2-(N-acetyl-l-cysteinyl)
amido-2-deoxy-a-d-glucopyranoside®] FZ& 7}X 1 UthFg.

1A)1). o] Ed& & ol A XM= A=
A g A WAdo|Mr AAEE myo-inositol T

N-acetylcysteine “12] 1l glucosamine 5.8 o]Fo]Z A5t 3}
FEolt.

ogtg o2 £ Q3 mycobacteria® E&s| WHAEL Ai
EA401u A4 5B dig wolr| = A FostA 2
3= ZA49 glutathione (GSH)S AA3kA] 2=t 3).
MSH+= GSHH.T} 2548} (autoxidation)o]] i o &2 =t
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o MEAA millimolar +FCE £
GSHEZ AjAateles A EolA 2] GSHe} i
L FAEE V)5S AR AE MSHYE Ztede AL 9r)
gick 3 o2 WHATQ) Amycolatopsis methanolyticadl| 4] MSH
7} NAD/factor-dependent form-aldehyde dehydrogenase®] factorZ
Z-gah o]RAL on] & Uz $l= NAD/GSH-dependent
formaldehyde dehydrogenase®) GSH 7|%3} rAbstAl A-g3hcth
€ Ao} BAHATKS, 6).

MSHE #4317 9isie WA myo-inositolo] §HA & o]
ok st} A ©AE inositol-1-phosphate (I-1-P) synthase (EC
5.5.1.4)e 2|3 glucose-6- phosphate 2% I-1-P7} A ¥ 1L
t}&9) inositol monophosphatase (I-1-Pase; EC 3.1.3.25)¢]] ¢]
8 I-1-P7} ©204+8 g © 24 myo-inositolo] A HTH o]
3t de novo AR+ A EE free inositolS FF3HA =Y ¥
FEEAZY HEALY ojxT HAE HR BAste
Aoz BRIHYT(T-10). BJH inositol2 o}2] Ad3] ¥
AR FAAN g DA A4 ¥HES AHA MSHE
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Figure 1. (A) Mycothiol structure (B) Mycothiol biosynthetic pathway
from glucose-6-phosphate. I-I-P synthase catalyzed the conversion of
glucose-6-phosphate  to  inositol-1-phosphate. I-1-Pase catalyzed the
dephosphorylation of inositol phosphate.

MSHE Sakudagoll ]38 Streptomycesoll A &0 2 oA
HAARAD, BAD 715e #@EHAA g4 1 F
Newton5o] 23] RSO =F  Streptomyces clavuligerusol »]
MSH7} 2l/2 45 0] &itst 7158 2t thiolez o]ahe
Ao] 7+ Eth4). MSHE ol actinomycetesol] 4] A &)
A FENT 53] MSH dAle] #dH 5480 ddF
2 2 mycobacterium ZEZE A8 HEE F A=A
thet A7/ AP Yok, 4, 12, 13). myo-inositol AY T
Aol BHER I-1-Pase= yeast®} EFFoT EAstn o

2o AT MethanococcusOl M = A T A th(14).

x3 g2 Eolgle MSH

=
g 2B WHoE £, 4388 F 9 PHE 24
Sl

Mz 2 aby

A8 F 3 oY

Ao ALE3E WPAFS Streptomyces coelicolor A3Q2)E
YEME®| Ao} A 30°C =2 wjoFat 3 vh1S). 4TS Escherichia
coli DH5Sa @ BL21(DE3)S A&}, AAl (ampicilling
50 pg/ml FEE kanamycin, 25 pg/md)E FEShE LBuj A o)A
HickatArt ool AMSd 2249 9E 2 3d dEe
pUC199} pET26b(+)E A&t}

DNA =&t

A& & A, T, ligase, Taq polymerase Takara Suzo Co.o
A TFhste AHEEHA, E2YY BE 5 fRAREe
Sambrook5-¢] HH | uhelA 42834 TH(16).

HPLC chromatogramZ 0|2l MSH 24

S. coelicolor A3(2) 200 mg (wet wt)ol] 50% acetonitrile©]
E°131= 20 mM Tris-HCl $+5-89 (pH 8.0) 1 m(¥} thiol 3}
FE ok Agsl= monobromobimaned HZ%E7} 2 mMo)

HEE H7Ie & 0TodA 2027 2532 fHstHch
g ES GHAA 60TE 1583 ®

methanesulfornic acid® 12.5 xf A7} th 10,000 xgof A
1087 SR & F5AE 70T BHstHA B
o] we} HPLC (WISP Model 710B, Waters)2 243l &
218 A $EHoZ 025% acetic acid (pH 3.5, B &
Fdoz YN methanol& AHE3IAOH A g3l ot
B #Fdo] FEE 15%NXMRE AFsA 30%7HA4 T
TR SESHTh olnf f45L £F 12 mZ 3gon,
MSH #2& 833 %1¥ (LDC Fluoromonitor I, Milten Roy)
E o]239t} (excitation ¥3: 360 nm, emission I3 460
nm). ¥FE#A MSH-bimane derivative= UC San Diego9]
Robert C. Fahey W2 HE AF ol 49-& a3t

Inositol-1-phosphatase A Ao 224 a} dis
S. coelicolor SAAZEE [-1-Pase FAANE FE2JS}
93] NCBI®] Blast SearchE %3} homology’} &2 WA
9] I-1-Pase FAA domaing FHL T primers A 25l
PCR-& <33} t}(upstream : GTCGACCCGGTCGACGGGA
CC, downstream: AAGACCGGCCGCGTGGTCCCA). &3
WA ZZHS pGemT-easydl] A Ys & a4+ DH5ad] ¥F2
A% 3l ampicillino] X3¥ LB agar plateo] A} 16A|7Hs
oF wjedstch E7IME B4E Bt I1-Pase FAAE

AR & A

3R E [1-Pase A4 HHZZE probeE AMESto] A
A ORFE #5339 on] I-Pase x5 f=dd A7
7] ¢34 d&3 o] primerZ A 23l PCRE 433}
ﬂq(Nde [: TATCATATGATCGAGGACAACGAAACC, Xho
I: ATT CTCGAGGGCCTCGCCCGACAGGG). &4 v¥
S Ndel® Xhol o8 Hsle pET26b(+)o] 493 %
Ul DHSad FAZE gt FA AFAANE Gt
o, 3T ¢E8 &3 BL2I(DE3)OA ©HAS LPAAR
th AdE FAA Bx Fdete C Te FH6 67]9]
histidine 27]7} ¥ &% I-1-Pase 54E TEEE s1grch
I-1-Pase Tl AS FHA 7] $3] -1-Pase FAAE 7HA
I e AEE 16417 WiYgs g A= A 1%
AEo 341 wdstd, 1 F HF vE | mMY
IPTGE #H7bete 2417 o wifsie] 9 dS
H, o]5 gl ddH TS SDS-PAGEZ <1ty

uks{ =l inositol-1-phosphatase & A|

et H9)d) 6719 histidine 277t £ &% I-1-Pase &
28 I=dd A7 2EE dgTE RobA YR
&

% 292 B4sta, 15000 xgolA 1057 PR
gt AASAS  F et Histidine #7]E  Ni-NTA

NaH;PO;, 300 mM NaCl, 10 mM imidazole, pH 8.0)%
Ni-NTA columng B A|Z T} o]F 700 xg = 287+ &
AEelste] lysis buffers AASHT. FHE  Ni-NTA
columnol] 600 g9 T¥AL P& F 700 xg2 287 Y
AE Y3 columno] ZFsHA] 42 @ulA S A ASAG-
20 mM imidazoleo] H7}¥ wash buffer (50 mM NaH,PO,,



464

300 mM NaCl, 20 mM imidazole, pH 8.0)2 T wWo} Zx
columno]] &% A]71 ¥ elution buffer (50 mM NaH,PO,, 300
mM NaCl, 200 mM imidazole, pH 8.0)2 200 u{ 7}3}l<
Ni-NTA columne] Z&tAl 2= @A S 287 A4
weste] 2AA A AT

An o D@

M2y thiole] &AM

71&9) WS o83t S coelicolord] EAs= MSHES
A7 i E B2 At =go] Fasty] Wi 7]
£ BEE PHS WIS ddtn @ed WHez
MSHE| Z/24& AE3ETM@). &, 7|E9 wydAs
F54& ZEoE ®

Ak BAFORA BAol JFS wE F glon & Y
A

HEE Arstn HEE 60T 2020 2202 943
o] thiol-bimane ZAZAE FAsHGT 2y FAH
thiol-bimane 234 HPLCZ 23g3tm dPRdyoez B
st HchFig. 2). L A3 EFEZS MSH-bimanez} FY3}
A 16k A &E5HE P8 1T ZH MSH7 AZ
o EAgte Aol AWHULE o|EREH MSHIL S
coelicolor ol ¥3E 0] Q&= thiol 3gEo|g= AL Eel
& 4 YthFig. 3). AFAor B AFSL Faio s}
A MSHE 232 AAsta AFs & 4 e PEe A3

A

L]solation and analyses of thiol compounds from Streptomyces I

0.2~0.4g Cell
|
1 ml 50% acetonitrile containing 20 mM Tris-HCI (pH 8.0)
+2 mM monobromobiame (20 £ <100 mM)
l

sonication for 20 seconds at 60C

!

60°C water bath for 15min in the dark

1
12.5 #£ of 2 N methanesulfornic acid (25 mM)

Y
10,000 g X 10 min
!

supernatant (-70C)

HPLC analysis

Figure 2. Isolation and analyses of thiol compounds from
Streptomyces.

Inositol-1-Phosphatase X XAle] 224 L 93

NCBI®] Blast SearchE %3} mycobacterium®| I-1-Pase
GA7IMEE BAS T S coelicolor25-E 1-1-Pase -F-AAS
23St QIINAEHE Sele] Bl H8A7} LlPase
#8420 e BANGO, olAL probe olfeled §
coelicolor®] I-1-Pase A ORFE 5% < Utk 5
H Fl-PaseFAAE oA Fz G877 98iA, T7
ZIEREE o|&3h= pET26b(+) HEE AHESQct. Wd
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I-1-Pase 3R}l =3 ORFo| Ndel 3 Xhol AdE A
28 Addsta #3344 SE7)eS o]&3le [1-Pase 3
A2 SEZ3HT FEF FHARE Nded 3 Xhol AFEAALZ
Ao F DURAE pETI60(l LS.
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Mixed mycothiols in cell free
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Figure 3. HPLC chromatograms of standard mycothiol (A) and
mixed mycothiols (B) in cell free extract of S. coelicolor.
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Figure 4. Construction of plasmid pET26b(+)-I-1-Pase. i-1-Pase gene with
Nde1 and Xho1 restriction sites at both ends was synthesized by PCR
and cloned into pET26b(+) previously digested with the same restriction
enzymes.

C

g #= 2HAZCHFig. 4). pET26b(+) 2g WEd 22
3 I-1-Pase 5-AZH= 1 mM IPTG] oJa) S5 o] thekol
WAS FHHYL, o WS soluble T
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-1-PaseS AA8H7] 98 842 F Ni-NTA columno) F2A17)
Z 20 mM imidazole Moz BFES AAS G
imidazole©] 200 mM ¥&H elution buffer2 {3}= I-1-Pase

EAE AAEIEL o] HAFS FI tFEEY ETEo AA 122
gogn AAago] o BEE Yehdrk ZAE I-1-Pase

L 281709 olujxalo 2 FAT o] glon B2 32 kDa 66 -

o7 7|&Ed W3R I1-Pase (A, AT 2 Sizhel &

Aol A9 FALEYtHFig. 5). [-1-Pase 28432 Ws & o "

I-1-PE2X ¥ {85 £ inorganic phosphate %EE " = 35 7

Wz Zgsed 2SR, l-Pase Mg o] S%o] T} > Geep <—|-1-Pase

2 gel G W Row A m. I mMEE 10

[+]

M7 SEE 2FWA BHE Ll-Pased) FHAUSE = 2
9 W, S SIS B A A 24D
&gt o Age olF b ge 978 F4) o Ax N
o ERg ety MSH ATE 87 2 48 2zl
Be Ang AT AR, e

11-Paseo| oAt M @ -z 3

S. coelicolor A3(2)9] I-1-Paser= 2817]¢] ojp|:=ito g Figure 5. Overexpression and purification of I-1-Pase. Lane 1: molecular

A 5]0] glom, Blast Search A3 ol7} 2 1 o:‘lh_,] I-1-Pase mass standard, lane 2: cell free extract, lane 3: purified I-I-Pase.
9} Zvz} 249} 25% 9] sequence homologyE Rt dutde
2 LlPases 54 opleat AGS 7An Ytk 2

I-1-Pase motif AE DPVDGT olv|=4t AE-&, motif BE <%
WDFAAG oAt g8 7FA 2 9}k 1-1-Pase motif A+
4592, motif BE inositol AFF-HE LHA UtHFig. S. coelicolor A3Q)EEE] &4+3 A HA} thiolEA¢l MSH
6). S. coelicolor?] I-1-Pase® motif A9} motif B o}mi=ik £ HPLC ¥ monobromobimane 33 A& Wygoz By -
MEg 7L e ASE Hol 7]EY I-1-Pases} frAlgH AAEY 1 248 FASATE EFEZS MSH-bimane
7z 2 75 2% Aoz A, FUstA £2HE MSH 2¥2 315908 of2 thiol &
g % MSH ¥3Fo] 7P B& ZoE Hol MSHJ} S
E. coli MHPMLNTAVRAARKAGNLIAKNYETPDAVEASQKGSNDEY 40
Human MADPWQECMDYAVTLARQAGEVVCEATKNEMNVMLKSSPVDLVTATD 47

Streptomyces MIEDNET I DEFLARHTGDVEEAVRKAAAQETMPRWRRLAAHEVDQKAGPHDLVTDADRKA 60

motif A
E coli TNVDKAAEAV I DT IRKSYPQHT I I TEESGELEGTDQDVQRH! BRLAGITNE IKRLPHFAV 100
Human QKVEKML ISSIKEKYPSHSF I GEESVAAGEKSI LTONPTEHNI g1 BGETNFVHREPFVAV 107

Streptomyces ELYLTEVLPRLLPGSVVVGEEAVHANPASYGAIRGEAPYTIVIRVEGHROF VRGEEGFCT 120

E. coli SIAVRIKGRTEVAVVYDPMRNELFTATRGQGAQLNGYRLLGSTARDLDGTILATGFPFKA 160
Human SIGFAVNKKIEFGVVYSCVEGKMYTARKGKGAFCNGQKLQVSQQEDI TKSLLVTELGSSR 167
Streptomyces LVALAHRGVVHASWTYAPAGDRLATAARGGGAFLDGERLYAGPPEPGRDLRVATSHPDYT 180

motif B
E coli --KQYATTYINIVGKLFNECADFRRTGSAALDLAYVAAGRVDGFFE] GLRPIEEGELL 220
Human TPETVRMVLSNMEKLFCIPVHGIRSVGTAAVNMCLVATGGADAYYEMG THCTRINeRG ] 1 227
Streptomyces =~ ----- TDEQKRDLLALRTPGVAPRPCGSAGLEYLAVARGESDATAFSWEAATTIRERGLLL 240
E coli VREAGGI VSDFTGGHNYMLTGN I VAGNPRVVKAMLANMRDELSDALKR 268
Human VTEAGGVLMDVTGGPFDLMSRRVI AANNRILAERT AKETQVIPLQRDDED 257
Streptomyces VEEAGGTHLTRTGEPFRITGGNELPFTAARDAATARQVVALLSGEA 287

Figure 6. Comparison of sequence alignments of I-1-Pase from S. coelicolor with those from human and E. coli.
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coelicolor?] F¥ thiol SFEZ AGHSITh MSH A4
Bodle fh F 1-Pase?] fAA 715& Lolrr] 943}
o o] FAAE HHTAN B F BT FEE
FedA Azt BEE [-1-PaseE Ni-NTA columne A5}
o AASIHTE. AA)FE 1-1-Pase= soluble protein® & 2817}
sflito s TAEo} o] BAE 32 Daolch 91zt
2 )39l 1-1-Pase9} 24zt 249} 25% 2] sequence homology
£ Hgon, 7|29 I-1-Pase7} 7}X T Yv TE9] I-1-Pase
motif A2} motif BE S. coelicolor A32)x 7HA1 e AL
2 Baggn.

d A

2 dre drle a7 AAT 20049 A G
AR DAY (AR E: R05-2004-000-12321-002] =)%Y
o2 o]jFojFomn, o TA=HYrh
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