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The MALDI-TOF MS determination of yeast proteins producing H.S
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Hydrogen sulfide (H.S) is a by-product of metabolism of amino acids including sulfur and alcoholic fermentation, it is generally
thought of in terms of a poisonous gas. Though H.S can have a negative impact on the perceived quality of fermented
drinks due to an undesirable aroma, it plays prominent roles as a neuromodulator in the mammalian brain as well as a
smooth muscle relaxant. Nowadays studies on the proteins which produce H.S are carried out in various fields such as
structure, function, and metabolism. Here we propose to develop a simple and rapid H.S forming assay method, which will
lead to speed up preparing the H,S forming proteins for identification by MALDI-TOF MS analysis. We detected three kinds
of proteins which produce H.S in the crude extract of Saccharomyces cerevisiae. Those proteins were cystathionie

Bsynthase, O-acetylserine sulfhydrylase, and cystathionine vy-lyase.

Key Words : Hydrogen sulfide, cystathionine Gsynthase, O-acetylserine sulfhydrylase, MALDI-TOF MS analysis
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Figure 1. H,S forming Greplacement reaction scheme.
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L-cysteine, Bmercaptoethanol, PLP= Sigma (USA)ollA ¢
3}3ATE. Ton-exchange resin®] DEAE (diethylaminoethyl) Sephacel
£ GE Healthcare (UK)°IA 934t} Buffer A 50 mM
potassium phosphate buffer (+0.1 mM PLP, +7 mM £
-mercaptoethanol, pH 7.1)©]3 Buffer B Buffer A°l 1 M<]
NaClS #71ste] A3t £59] TH4)i= Bertin precellys
24 (Bertin technology, France)E A}-8-3}9It}. UV-visible &5
2HEBL Agilent 8453 (Agilent Technologies, USA)S A3}
I, MS #2412 ABI4700-TOF/TOF mass spectrometer (Applied
Biosystems, Framington, MA, USA)S AM&-3l51th

oF Y FxA

B Ao s oY AW (S cerevisiae)E BY4741
(ATCC 201388)% oFA & aRX CBSY FAA7} AA
% CYS4 (ATCC 4006696) 12]3L OASSS £-AA7} AAH
MET17 (ATCC 4005211)& A3ttt opAdd el ar 9
HjokRS 93k wix| 2 Egh oJok wix|Q) YEPD (1% yeast extract,
2% bactopeptone, 2% dextrose)S AHE3F9L, CYS49} MET17
£ L-glutathione®] AES 1#3te] YEPDO filterZ o] 3}3}
L-glutathione S 30 ug/ml®] =7} HE2 Hrlslgeh RE
AR wjek 2AL 30T, 250 pmS A8k 1547+ FE
Hj < SFTh

e El M 2knt HoS Y S4EH
Tild =2 Bradford ol &J3l UV-visible 529 EH
< o]&3te] 595 nmolA FREE SAIAOH, EFAEE
Bovine serum albumin (BSA)S ARS8} TH20). 18|31l o]
wE Ay 282 280 nmolXM Y FEEE SH[H FHAR]
AFE S 9. Sl AT & e duEy
82 714821 L-cysteine®} Smercaptoethanol©] Z+ZF 10 mM<
3Het KPB (355 %= 50 mM)©ll 04 mMe] Pb-acetate, 50 uM
PLPE ¥33F A9 fHo] %9 crude extract®} WA
ok W2 37CoA 587 AL, AAEE Pb-S FHE
UV-visible 5~HE# 9] 360 nmollM E3=5 24315904, 5).

P 1o [ oo

XA 2 giml (0.1 M KPB, pH 7.0) 0.5 ml9} glass bead
(37 05 mm) & 1:1 (FIH) 2 3] bead beater= 57t
2 35 393, 94 EE71E o83t glass beadE
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et W 27k tA] 12.5% SDS-PAGEZ 2|3l MALDI-TOF
MS 4 A82 ANt

MALDI-TOF MS £4

gal5Ayg s dilds ¥3e SDS-PAGEY gel 7+
whild 7R §491 trypsin 0.015 ug/mlo] EFHE 50 mM
ammonium bicarbonate &4 37CllA 1247} in-gel digest
HF4& AAL, Zip-tipE o83t AFE A8E FHlEGh
MALDI-TOFE ©]-8-3}4 peptide mass fingerprinting (PMF)3}
MS/MS ion search 49l #4& F3] & opujiit A
24 285 NCBI non-redundant database®] Mascot (Matrix
Science) softwareE ©]&-3to] Fslrd A Ay IXsh=
gl g TFE FRISHATH21).

dn 3 nFE
OlME SToMel &slra My i THHE gol
oMl R ZHE AL crude extractE native PAGEZ T
A5 Relsto g3lead QS g3 29, F A9 A
w7t A4 AKFig. 2, lane 2). °lE T FFY ©@He]
g3l E Y F Advke Aotk  dES Lecysteine %
[Bmercaptoethanol ]  ¥F3-9lA]  Rreplacement ¥Fg-o] 7}53gh
B¢l CBSSF 0ASSE F50] H313L, ©|5 &Rlsh] fsf 2
F27) AAE CYS49h MET17 ERES o83l 5Y3 49
< T3 Stk MET17 8RS o835k 23 o A% native
PAGE gelold T WA w7} Yehz] 2thFig. 2, lane 1).
o] wild type native PAGE gel’d9] oA A WA u+=
CBSol 98 A& <m|gith. CYS4 &9 native PAGE 23},
wild type native PAGE gel’d9] Adt 3 WA wr} #2E X
oAtk YERE T #A o= 0ASSel o3 AAdE AL
AZATHFig. 2, lane 3). dog9 HFS T Fio 7S
vjstal, gAe] HelE =wslr] ffs) CYs49h MET17 EXES
AHESH71 2 8tk

Figure 2. H,S forming activity analysis on native PAGE. Lanes; 1,
MET17 yeast crude extract; 2, wild type yeast crude extract; 3,
CYS4 yeast crude extract;, Each 140 ug protein was loaded. Upper
band and lower band indicated by A and B, respectively.

CBS2} OASS 2|2 MALDI-TOF MS E4 A2 Fd|
MET173 CYS4 E29| crude extracts (242 50 mg®} 81 mg)

£ DEAE Sephacel column chromatographyS- ©]-83}e] A=A 313
ot MET17 &%9] crude extract® column €% 5 ml¥
Hsgom 72 £2Ae 96 wellol] 23 3le] F3l-2dA
SAZ St e HAY S FISIATFg 3A). 7+
glo] ARl Tlde] gt sl &4 UV-visible
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Figure 3. H,S formation analysis after DEAE Sephacel column
chromatography; (A), MET17 yeast crude extract and (B), CYS4 yeast
crude extract.

CYS4 crude extract®] column £&%& 3 ml¥ EHE 319
3, FslragA g40F Qg 899 A WHkFig. 3B)%
7} #89] A Ao kv 848 aHzE JeR
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Figure 4. Elution profiles of DEAE column chromatography of
MET17 (A) and CYS4 (B). H,S forming enzyme activity (dotted line)
and eluted protein patterns (solid line) were measured at 360 nm and
280 nm absorbance, respectively.
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Column %] 5, Pb-S¢] YO fole] Mo] wigh MET179]
12004 149 E3(Fig. 3A)3 CYS42] 29-30 EE(Fig. 3B)
Eo] gl XA, FAoF IL A A3}, centricon tube
(Millipore, 10 kDa molecular weight cut-off)S Al&-3slo] &=
39t 5% 23 (8 mg/ml)EL native PAGES AHE-31

chil A S8 B3 3 Pb-acetateS AHE3F H,S 9
ZAHRI 0 2 native PAGE gel 2] CYS4 @83l MET179]
g 4oz wrEolZl Pb-S WE 9XE FAIEHL. 1
2]31 Coomassie Brilliant Blue (CBB) &2 © 2 native PAGE gel%
A H 3 (Fig. 5), High molecular weight (HMW) marker
(Amersham Biosciences, UK)9}9] H|n & WHAF| A ¢k whid
o] ko] 2SS A AT A3 MET17904 Qo
71 AL 400 kDa (Fig. 5A, lane 1), CYS40lA4 Aozl e
WA 100 kDa Lo Aoz &elo] HUTKFig. 5B,
lane 1). CBS®] 7%~ octamer (400 kDa), tetramer (220 kDa),
83l cgHel Z truncated dimer (78 kDa)s o2 FEj7}
RuERa17), & AP octamer TZE 3l IS &
o] EFOUKFig. 5A) A O E 400 kDad] ©iELS CBS9}
cystathionine v-lyase®] EAEFAYS GO B2 1 oligomeric
TE= 3MIEHR] gth 18] OASSY] 73-$+= tetramer (200 kDa)
FE7F RuEH22), 48S FAME dimer FEfEtar A7

€ 100 kDa®] ©AS 3918 4= SIGITHFig. 5B). oA
native PAGE gel Ao Pb-SZ %4]E CBS9} OASSE X g3k
Bours Zehd & 5 X SDS sample *]2] buffer} 100T
oA 587 boiling ¥, SDS PAGES 433}tk Z3 native
PAGE gel 42] 400 kDa A=9] ¥A13e 7H© MET17 ©id
2 SDS PAGE gel %94 55 kDa#} 40 kDa9] B41gkS B4
i1, CBS9l9] b2 whiZo] X3 o s 7S s
CHFig. 6A). 100 kDa J=9] A4S HYH CYS4 &%
L 45 kDad] BAFS HtHFig. 6B). o3 A oy
SDS PAGE®] ©ijd wlofA T} ds Fejsted, MALDI-TOF
MS 4 Alg2 ARSI

Sh
ot
=
Lo,
L

AKDa M 1 2

Figure 5. Native PAGE analysis of fractions producing HS. Lanes; M,
molecular mass protein standards (molecular mass in kDa in parentheses)
thyroglobulin (669), ferritin (440), catalase (232), lactate dehydrogenase
(140), and bovine serum albumin (67). A and B gels indicated the active
fractions of MET17 and CYS4 after DEAE column chromatography,
respectively. The active bands were appeared at 400 kDa in A and
100 kDa in B. Lane 1 and 2 indicated the activity stained gel and
Coomassie brilliant blue stained gel, respectively.

MALDI-TOF MS £
SDS PAGE #4100 2XE 33442 Ash= MET17 ©id
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(Fig. 6 a and b)¥} CYS4 T A(Fig. 6, c)o] ¥gtd FES
Ze} gAg &35kl MALDI-TOF MS #4918 313tk
CYS4 2HE dojzl v AL (Fig. 6, ¢) YWHao|x ZHA%
PMF (peptide mass fingerprinting) W22 4] Stk Trypsin
g2 K (lysine)@ R (arginine)?] C Tt A3 F95 £
izl =59 BAFOZRE /b5e ofn|eit NES
AL, 0ASSY ofmiAt X EF YA Ete obv| At A E
BRS JehIthFg. 7, C). OASSE O-acetyl-L-serine® 3}
Z22 o] (HS)S 71AZ A3l Lreplacement ¥HS-S 3
acetate®} L-cysteine®] A& Fvl 3= 242 484 93123),
B A¥e] A3} 0ASSt L-cysteine@} [B-mercaptoethanol 2]
Breplacement ¥FE Fufsle] AslEAE AT e BRI
3tk 0ASS9F CBSE &5 HIENI B6S! pyridoxal 5-phosphate
£ HEAE AMGSe #dola i) AA71A-e CBSS
FYsitta AZ4E. 4847 able 19 YERT 9t

Table 1. Identified proteins by MALDI-TOF MS spectrometry
MS/MS ion search

SDS PAGE data ~ MALDI-TOF data

Protein name Score
MW (kDa) MW (kDa)
Cystathionine Gsynthase 388 55 55.990
Cystathionine y-lyase 347 40 42516

Peptide mass fingerprinting

SDS PAGE data ~ MALDI-TOF data

Protein name Score
MW (kDa) MW (kDa)
O-acetylserine
sulfhydrylase 39 45 48.568
KDa M 1

+=a (55kDa)

+—b (40KkDa) | +=—C (45kDa)

Figure 6. SDS PAGE analysis of extracted proteins from native
PAGE. A and B gels indicated the active fractions of MET17 and
CYS4 after DEAE column chromatography, respectively. Lanes; M,
molecular mass standards (molecular mass in kDa in parentheses)
phosphorylase b (97.0), albumin (66.0), ovalbumin (45.0), carbonic
anhydrase (30.0), trypsin inhibitor (20.1), and a-lactalbumin (14.4).
Lanes 1, MET17 yeast (A) and CYS4 (B) proteins producing H,S,
indicating a (55 kDa), b (40 kDa), and ¢ (45 kDa).

MET17 ERolA F35as AT + e aid 24
SDS PAGE gel 7394 55 kDa¥®} 40 kDaS Zt= F 7
@A E Ut o] native gel Aol F3led EA4E
Fol3l Ao s HdWM=S B3I (Fig. 2, lane 1) DEAE
column chromatography?] elution patternZZ}Fig. 4, A) T4
I (dotted line)ol A] shoulder’} Ho]A] &2 &, a1

1 rlo
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FAo] Bgadzel IAske A, F JHEAH A=t 7 R
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pathwayoll = Aol &2 F dldo] BAEFAE
Sl 3le 7Fs/do] & AeE AZbEnh MET17 &N o
7 5 o] FAeAE FEg ofv|=At MEREA ] T
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TH(Table 1). Ao} IA|sh= opv|=Ait MES zie Tl Ed S
MascotZ 5743+ 23} Fig. 62] a W= CBS, Fig. 69 b &
cystathionine y-lyaseZ &% = =H, MALDI-TOF MS data
9} Ix)5l= CBS$} cystathionine v-lyase] oAkl M IS
Fig. 79 YeRaL 9tk Cystathionine y-lyase= CYS3 f+#A}ol]
A&f|A wEo] 2= WA ZM L-cystathionine L-cysteineZ}
A=Y}l 2] a-ketobutyrateS F/dS= dA0]tk Cystathionine
v-lyase= CBSS} 3 L-serine &2 FE] L-cysteine?] 4 A=
o #Asts AAEAN IFTEY He ABEAA CBS
o} Y WyoR dsraE AXMse a4E dA o
Hs, 24). olte] AHES THE, B AT, Huel
golraE Adste dMAES st JgsiA 538

a-= A
o =
F e wEe San:

A

1 MAKSEQQTDS RHNVIDLVGN TPLIALKELP EALGIEPQIV AKLELYNPGG SIKDRIRKSM
61 VEREASGRIH PSRSTLIEPT SGNTGIGIAL IGAIKGYRTI ITWPEEMSNE KVSVLEALGA
121 EITRTPTVAA WDSPESHIGY AKKLEKEIPG AVILDQYNNM MTPEAHYFGT GREIQRQLED
181 LNLFDNLRAV VAGAGTGGTI SGISKYLEEQ NDEIQIVGAD PFGSILAQPE NINETDITDY
241 KVEGIGYDEV PQVLDRELID VWYKTDDEPS FKYARQLISN EGVLVGGSSG SAFTAVVEIC
301 EDHPELTEDD VIVAIFPDSI RSYLTEFVDD EWLEKNNLWD DDVIARFDSS KLEASTTEYR
361 DVEGNATVED LHLEPVVSVE ETAKVTDVIK ILKDNGFDQL PVLTEYTGKLS GLVTLSELLR
421 KLSINNSNND NTIKVEYLDYV KELNNFNDVS SYNENESGEK KFIKFDENSK LSDLNRFFEE
481 NSSAVITDGL EPIHIVTRMD LLSYLR

—

MTLOESDEFA TFAIHAGEHV DVHGSVIEPT SLSTTFRQSS PANPIGTYEY SRSQONPNREN

61 LERAYARLEN AQIGLAFSSG SATTATILQS LPQGSHAVSI GDVIGGTHRY FTKVANAHGY
121 ETSFTNDLIN DLPQLIKENT ELYWIETETN PTLEVIDIQK VADLIEKHAR GQDVILVVDN
181 TFLSPYISNP INFGADIVVE SATRYINGHS DVVLGVLATN NKPLYERLQF LONATGATRS
241 PFDAWLTHRG LKTLHLRVR) AALSANKIAE FLAADKENVV AVNYPGLETH PNYDVVLEQH
301 RDALGGGMIS FRIKGGAEAR SKFASSTRLF TLAESLGGIE SLLEVPAVMT HGGIPKEARE
36l ASGVFDDLVR ISVGIEDTDD LLEDIKQALK QATN

Cl MPSHFDTVOL HAGQENPGDN AHRSRAVPIY ATTSYVFENS KHGSQLFGLE VPGYVYSRFQ
61 NPTSNVLEER TAALEGGARA LAVSSGQARQ TLAIQGLAHT GODNIVSTSYL YGGTTNQFEI
121 SFERFGIEAR FVEGDNPEEF EKVFDERTKA VTLETIGNPK YNVPDFERIV AIAHFHGIPY
181 VVDNTFGAGG YFCQPIKYGA DIVTHSATEW IGGHGTTIGG IIVDSGKFPW KDYPERKFPQR
241 SQPAEGYHGT IYNEAYGNLA TIVHVRTELL RDLGPLMNPF ASFLLLQGVE TLSLRAERHG
301 ENRLELAKWL EQSPYVEWVS TPGLASHSHH ENAKEYLSNG FOGVLSFGVE DLPNADKEID,
361 BERLSGAQVV DNLELASNLA NVGDAKTLVI APYFTTHKQL NDKERLASGY TEDLIRVSVG
421 IEFIDDIIAD FQQSFETVFA GQKP

Figure 7. The comparison of MALDI-TOF MS data with CBS (A),
cystathionine y-lyase (B), and OASS (C), respectively. The part of bold
and underlined peptides exhibited the exact matching.
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