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Abstract The fermented soybean product, cheonggukjang, is favored by many people, partly due to its bio-functional
ingredients. Since the fermentation process of cheonggukjang is mediated by enzymes, including proteases, produced by
microbes, analysis of the proteome profile changes in cheonggukjang during fermentation would provide us with valuable
information for fermentation optimization, as well as a better understanding of the formation mechanisms of the bio-
functional substances. The soluble proteins from cheonggukjang were prepared by a phenol/chloroform extraction method,
in order to remove interfering molecules for high resolution 2-D gel analysis. Proteomic analysis of the cheonggukjang at
different fermentation periods suggested that most of the soluble soy proteins were degraded into smaller forms within 20
hr, and many microbial proteins, such as mucilage proteins, dominated the soluble protein fraction. The proteomic profile
of cheongguljang was very different from that of natto, in terms of the 2-D gel protein profile. Among the separated
protein spots on the 2-D gels, 50 proteins from each gel were analyzed by MALDI-TOF MS and PMF for protein
identification. Due to database limitations with regard to soy proteins and microbial proteins, identification of the changed
proteins during fermentation was restricted to 9 proteins for cheonggukjang and 15 for natto. From de novo sequencing
of the proteins by a tandem MS/MS, as well as by database searches using BLASTP, a limited number of proteins were
identified with low reliability. However, the 2-D gel analysis of proteins, including protein preparation methods, remains
a valuable tool to analyze complex mixtures of proteins entirely. Also, for intensive mass spectrometric analysis, it is also
advisable to focus on a few of the interestingly changed proteins in cheonggukjang.
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A& 50g protease inhibitor(Roche, Indianapolis, IN, USA)7}
E°] 31& 0.1 x phosphate buffered saline(PBS) 100 mL2 7}8}
0°CAlA AA3] awmkeps -8 Dlde 289} B3-23)
IHES 108 7+ ASYAED (50022 AAST TA] 302 T+

4ColA 20,000g= LEAHEE st ZFEL AAT
$022 pm dFH2HE 3 AZoh DA S FHA77] A8 F
AZAAE NEE AL 10mLe) &5 B9 Ho &
A5 1080 T3 ol A7F9FE A3l A8 B0
€ g% 2 A9 ANEL S AAS] 13 Natarajan 5(29)
2] vhA-S Wysle] ARSI dAE 0.1 M Tris-HCI(pH 8.8)
o] ¥3}¥ phenol® #23}Z phenol g 541 33<] 100% v
B2 E0i3E 0.1 M ammonium acetateZ —20°Col|A] Al 3
AAZT FAEE 20,000 g2 DAL 3 BT 100% o
<2 33, 70% AEEE 13] Hol & vhy TELXVIE ARA
Zo. dzd gd BoS o3 A7195& A% rehydration
buffer(8 M urea, 2M thiourea, 2% CHAPS, 50 mM dithiothreitol
(DTT), 0.5%(v/v) ampholyte [pH 3-10])° =ith. U3t A71d
& 98iM DA ETZS sodium dodecylsulfate-polyacrylamide
(SDS-PAGE)§- sample buffer(0.05M Tris-HCl [pH 6.8], 10%
glycerol, 02% 2-mercaptoethanol, 2% SDS, 0.1% bromophenol
blue)oll =0l 95°Co A 1027 71313t
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Sample bufferd] &< WAL 12% separating gel, 4% stack-
ing gelZ ©]F )7 disc SDS-PAGE mini-gel(BioRad, Hercules,
CA, USAK AIES ¥I 120V ZALE X7 308 A= A7)
4% Atk A719Ee] BUA gelo 2218 9E bandsE
coomassie brilliant blue(CBB)Z HA 3} UMAX Powerlook
1100 scanne(UMAX Technologies, Dallas, TX, USA)E imageS
Ak o)z A719EL rehydration bufferd] o} e A8
400 g°] 120 L rehydration bufferdl] oF A== 3k Immobilized
pH gradient(IPG) strip(7cm, pH 3-10, == pH 4-7 nonlinear,
BioRad)oll ¥ IEF-Cell(BioRad)old Lk 47195 isoelectric
focusing((EFYE JAP3I%ch: 57 e TFHIE 50 VoA 12
Al Bt rehydrétfon, 250 VOIlA 2417}, 500 VOllA] 1A17F ramp-
ing, 4000 VollA] 6A1Z}+ focusingdtAth. [EF $ole IPG stripS
equilibration buffer I(50mM Tris-HCl, pH 8.8, 6 M urea, 30%
viv glycerol, 2% wiv SDS, 2% w/v DTT$} 4% bromophenol
blue) oA 158, &3 o]oJA) alkylation buffer 2(50 mM Tris-
HCl pH 88, 6 M urea, 30% v/v glycerol, 2% w/v SDS, 2.5%
w/v iodoacetamide, 4~%F¢] bromophenol blue)olAl 158 WS- A
Zth. IPG stripg 12% polyacrylamide gel(8x6cm) Yol 2
0.5% agaroseZ A2 F 120V, 15°Co14] bromophenol blue7}
gel?] € Fio =2 & w7lx] Hr|9%S Ag3det. A7
5 F= geld CBBE 9M38l7 UMAX Powerlook 1100 scan-
ner2 gel®] image® U gel imageS PDQUEST(BioRad) ©]v]
2 ¥4 Z23W0F HUA gel 7H] @ld WHEE v waigich

CHEEO| trypsin 5

@A spots = bandsE scalpelE ZEhfo] 1.5 mL Eppendorf
tubeE 713, 200pl, 50% acetonitrile( ACN)Y25 mM ammonium
bicarbonate buffer, pH 8.0 1524 23] Ho} FUc}t. Gel Fz2He-
200pL 100% ACNSE ©3 Speed-Vacuum =74 AZA]
Ak, AZH gel 244 10pL 25mM ammonium bicarbonate®]
0.1 mg trypsin(sequencing grade; Promega, Madison, WI, USA)
o] & &4oz £ 37°CAA 16 AZE o)A wHgAIZIT
olFA A W7 peptideE 271 A3 50 uL 50% ACN/5%
tri-fluoroacetic acid(TFA)Z 23] FZ314th AolA peptided )&
SpeedVac 727X} 10 pL 0.1% TFAS] o]z o] £
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& ZipTip Cl18(Millipore, Bedford, MA, USA) column®] 103]
ol @ =ElA 3k peptide’t FEEHA 3L ZipTipE 10 uL
0.1% formic acidZ 33] HolkE TR peptidesZ 5pL 75% ACN/
0.1% formic acid€ &ZA1Zth

Matrix Assisted Laser Desorption lonization-Time of Flight
(MALDI-TOF) Mass Spectrometry(MS)2t Tandem MS/MS
24

MALDL-TOF MS$} MSMS #4& 93] AlZE matrix £
(5 mg/mL  Alpha-cyano-4-hydroxycinnamic acid(CHCA)Y/50% ACN,
0.1% viv TFA, 2% w/v ammonium citrate)oll 1:12 4o} F3L
MALDI- A& el AlE 7 1u04 H2sts 3th DE-STR
MALDI-TOF(Applied Biosystem, Framingham, MA, USA)$t
MALDI-TOF-TOF(Applied Biosystem)E ©]-8-3te] MS % MS/
MS dataS A2t MS survey scanning®lA] MS/MSZE AT m/z
800-3000 G 3¢] peakE argon 7+2:9} FEAIA collision-induced
dissociation(CID) MS/MS data® AUt Ms-Fit(http:/prospector.
ucsfedwprospector) 2 MASCOT(http://www.matrixscience.com)
& 0|23l peptide mass fingerprinting@®MF)$} peptide sequence
= 2ot} AA W42 E methionine®] A3}, cysteine®] carbam-
idomethylation, B-9+43} trypsin ¥s1& 2iste] SWISS-PROTS}
NCBI protein databasesE 7431t}

2

HIEo| =8N cHiE F&
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oA AMHT AE 508 protease ASNAE Eol AT 0.1x
PBS 100mLel B 1N7F B¢ d29dM @iag F283
T} 223 vuae WA 12%9 18% SDS-PAGER #43ld ©
W ol Wals Btk Fig 19149 7o) REAIZ 30A7ke] 7
31 A profileto By & WIS HolA] e Zo] ¥
HUF TEIF 458 FTANE U F84 dyE
A% 10 kDacl3ke] ZHe: peptide® Ea|HE Ao AF DA
s}t Fesole Bajrt 25 g 4F0] dE EAth
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HIE Wy MZH Y eisishe thEe] 2-D gel profile 24

Zgxoz 7t wg Ao 58 @uE2 PBSA =of 3l
oo [EFE 4ty A795S 7] fsire AE S0 3
L 9RO weaRe AAsekt gl o]& $lEle] 10% TCA
2 Hsle] gde FAAY|Z AdE dNds ddEgs
T} 100% TSR 343 Fol FATh FEe] AAE AEY
AT A3 A3 A7D9FS AHsfske EFo] dot o] Ht
B A719% AFAS dEd d#go] UMt Fig 2= 2D
gel AolA] 7F HEAZY HE PF3 A8 FE2T HAS
B3t A3ely) & 10/ & 204124 9] A 10
kDa o)e] v 2y 2 wwd o 423 2Jo|E Holi 3l
th 2 2 3007 432000 vl BT pl F2l
o] Yehbs Zog v wazt Mg ot e
2579 F A g2o] o|RRAY L& mAEo] TE &
WAEQ Aoz FAHAT) o] Ade HFHEA o3 Tz
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Fig. 1. Time course changes of soluble cheonggukjang proteins on
1-D gel. Soluble proteins of cheonggukjang from the fermentation
period of 0 hr (lane 1), 10 hr (lane 2), 30 hr (lane 3) and 43 hr (lane
4) were separated on 12% (A) and 18% (B) SDS-polyacrylamide gel
and proteins in the gels were visualized by CBB staining. Molecular
weight of the standard proteins are designated in the boxes (MW,
kDa).

3-10¢] IEF gel#HFig. 1) pH FHo] 4-7 gel& AME-3le] &
A 2 profileS W3 THFig. 3). thiite] wiFe] pH 7
oste] Aol Al en wE e #8449 F IuE
B 40kDa ol8e] F7|7F 5 ol Wi LEvt g8d A
ZAo| A 40kDa ©]3te] A whild B gl o) #
7t ojubT 40-80kDa AE Z7)e] @ldoe] FF5 o] F9)
o} 43A7F HE F 23 F84 dEE F AR ©
Wz B4 72 UYdd % ¢ wjgde Jehlle Aes uF
o] B wf FIM AT 2 @AY stede] oS B
(Fig. 3). = 2ol AZ Yehts @dEe vAE f2 £ v
AZo] Hulg A Bl gid o8 ddd guld dHo s
vehd Ao2 FA3ATHFig 3).

ME HIFo| £24 thiEXN EY

g7t Gad AF TN F28 F84 DA %
9 A719E0] JFsd AR UEY] 93 g HE A
sk QuER o2 AMEEE desalting columnd: ©]-8-3F desalting,
10% TCA A& o}-&3 desalting, phenol ¥ FZ3 ammonium
acetateS o183 FA F AAES Al 10% TCAZ JHAA
salts AAsRE PPES AEste] HFHOZ phenol FEHC]
A Ao Thild Ag7) olA] A7|FEIA ML T Bl T
gL 197] wEd(data not shown) ¥ A= o] WhHo =R
AL QY3

YRR 84 F wulgo] o3 M7 F gel BN pH
47 Jolel] Veh}r] W&o pH 4-7 IPG stripE o83t o)A}
A A7NAES AA S THFg 3). olAH 79T gel Bl
B S AES oz 507) Adste] aypsine 2 B 5
23 peptidesS MALDI-TOF MSZ A3 318 A gs] Ao Ms-
Fit}  (httpz/prospector.ucsf.edwprospector/y  Mascot(http:/www.
matrixscience.com/) B4 71%5E o|&3to] databasesE A3t
peptide mass fingerprinting(PMF) Wy o2 WA s FH3L
U Fo 474 ARt FEX G2 ofE AFErt 1L A%
2 949 F AL FAF A S g FRE QA HJS
(Table 1).
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Fig. 2. Change of soluble protein profiles from cheonggukjang during the fermentation period on 2-D gel. (A) Proteins from each
cheonggukjang fermentation period of 0 hr (a), 10 hr (b), 20 hr (c), 30 hr (d), 43 hr (¢), and commercially available natto (f). Proteins extracted
by a phenol method and concentrated by lyophilization were loaded to pH 3-10 IPG strips for the st dimensional IEF and then second
dimensional 12% SDS-PAGE. (B) Proteins from 0 hr (aa), 43 hr (ee), natto (ff), were separated on 18% gel to analyze the low molecular weight

proteins under 30 kDa.
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Fig. 3. Comparison of soluble proteins from cheonggukjang and natto on 2-D gel. Phenol extracted soluble proteins from cheonggukjang (A)
and natto (B) were separated on pH 4-7 IPG strip and 12% SDS-PAGE gel (18 x 20 cm), and 50 randomly selected protein spots were analyzed

by MALDI-TOF MS.

HE AIHDT natto THYE profilee] H[I £4

A% AFEY 2D gel 39 784 DUZ profiledt B &
Q) Bacillus subtilis} Bacillus nattoZ A3 natto?] 5844 &
A9 profiled W3}y Y3 2L Wiz dEg B3
o @ F oot Bacillustol N g @Yol wH
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FHTHTable 2).
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Table 1. Soluble proteins from cieonggukjang separated by 2-D gel and identified by peptide mass fingerprinting

spot no. score Wn;?glﬁ?(l})a;) p! (cal) ggsl:(ag:; pl (exp) Protein function
2 41 40031 6.29 40500 4.7 protein disulfide isomerase”
11 25 13276 4.52 14000 4.6 GyrA
22 31 17620 4.77 19000 4.8 ribonuclease-like protein”
24 27 14677 4.61 13400 49 YqhY
28 26 28611 5.61 26000 5.25 G-carbocyhexanoate-CoA ligase
29 52 15582 5.58 18500 5.15 conserved hypothetical protein (Pseudomonas)®
33 25 43476 5.31 40000 5.6 histidyl-tRNA synthetase
34 29 33153 5.67 29800 5.3 YwqM
44 39 57466 5.94 52500 6.3 aldehyde 5-hydroxylase”

*Proteins from plants are designated in bold and italic.
"Non-bacillus proteins are specified for the source microbes.

Table 2. Soluble proteins from natto separated by 2-D gel and identified by peptide mass fingerprinting

molecular

molecular

spot no. score weight (Da) pl (cal) mass (Da) pl (exp) Protein function

6 56 72295 4 73000 4.90 transketolase

7 31 71076 5.17 79000 5.00 YfmA

8 55 69654 5.26 65000 4.85 methyl accepting chemosensory transducer’

15 26 47550 5.67 44000 4.80 adenylosuccluate synthetase (IWP-aspartate ligase)*
17 30 49508 5.93 42000 5.10 signal recognition particle-like (GAP) component’
18 24 55573 5.55 47000 5.25 SpoVA
21 40 36237 9.52 38000 5.05 maturase”

24 35 39446 6.6 38000 5.35 G-adenosylmethionine synthase”

27 46 26520 6.23 25500 4.70 dihydrodipicolinate reductase”

28 29 20500 5.85 20000 4.75 ribulose-1,6-bisphosphate carboxylase/oxygenase’
31 22 13563 5.55 16000 4.75 Ybel .

35 46 53109 6.72 56000 6.00 putative protease (Haemophilus)®

36 32 41168 5.72 44000 6.00 alcohol dehydrogenase

40 43 75519 6.17 79000 6.30 ATP-dependent DNA helicase (Chromobacterium)®
43 43 42066 6.54 34000 6.20 phytochrome O°

*Proteins from plants are designated in bold and italic.
"Non-bacillus proteins are specified for the source microbes.

nattodll X 2% 589 DAL 8-18% F=TH] SDS-PAGE
gelollAl F]3tal(Fig. 4) getd 10523t 2t gel 7o E3)
£ AL aypsine 2 E&3t] AL peptide®] amino acid A
EE AFRAPHOE ZASISTHTRble 3). AF A A&
Aol Boshe PAE 2ol TR ARSShe F9] 5] o
€ H 5% 23T 9 database®] 2@OZ F whEe] oo
o] ATt databased A BRI He AEo| wdEe] g}
80% olde] MEIYAE vehd AL 7154 e vwd= 3
3t

n #

2D gel® O|S8H N Halof BTN BN YHE 018
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£ ATE AE FFPel 29} Y= 7154 B U@
gL A% 7124 A7EA DUAS BYa] B 2E
34 FolM WEE Holt 44 BN HYS 23 A
2 QYA FPoERY 329 £84 w9 Folt of
gxoz el ANF DAz Bu el Aael o3

e F owd g2z 2aay 5 840 IR F wud
5] Utk ol& ©@¥A FoA 71FAe] Atk ¥R a@ud
Z natto kinase(21), AAPH L2 Alg-o] 7FF3E protease, HAE
o] & poly-y-glutamate(24,25) F°] AAT SAEZ HIAYS
g 2] Fo 783 7154 @RFE e oF7A g8 Aol
gk 2y dwidoz 84 wmAe gE J)sy 23S
REE 5A4E LT F 7] g By 2He profile ¥
3 Arshe AL 714 B g0l N4 229 4
Aol tF @72 & o FukEojol 3k 8% dAFolth

T 98Ae FE3] A8 AFFE ssAY AxER &
I HEdd 5 9F A2 T mE d3Evh #9 AFCM vt
2 A2 A7 50gS protease inhibitor7} E0]20E 0.1 x PBS
100mLel ol 17 & oA Egozx 840 w2
DA S A olFA de wAe AU|GE A 2Er)
Z dojuA] B BAE dovleE we E4E AAS 9
& AL 10% TCAZ IAAI|Z 100% NEL2 33 Ho}
Fo] Wl EZL AASE dAY 1795 | ol
P x B3 o3 A7 E wEAe] glz B
o] T2 gel G717} ofEY). o] A F i o)
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Fig. 4. MS/MS analysis of soluble proteins from cheonggukjang
and natto. Proteins were separated on 12% SDS-PAGE, and the gel
was sliced into 10 pieces for trypsinization to make peptides. Five
peptides were selected from MS scan and de novo sequenced. The
resulting sequences were queried to search SWISS-PROT database
by BLASTP.

A A7195-8 delshs EF0] Bol g onlshzd olF
3 B2 AAs] 8] phenolE A|EE F23le] Hls) EEL
QoS phenol &0 =o} Sle WS HAsle gEe d2
A JFH] olzH A7195 S & F ATHFig. 1)

HHEAJ o] B2 oA A9 E gelS HojA A7+ H=E &Y
o] Wsls viwstH LEEA gL FAM &5 FEA ©
WA (Fig. 2A-a)> F2 A% 40kDa o|3e]Z pH 4-5 Gl
AREHed HE7 Mol wat A 40kDa o3l]] &Y
Ao 7+A3k 30-90kDa, pH 4-5 FGo) SR8l dlE Eo)
Z7tele U2 AF9E Hie oe i mAEe] AA3L
t A Ealgde] ofs) F wle] Eam dazlde] ot
E vAE f8 PHEE], mucilage, protease, subtilisin, 5)°] &
7}8lal(Table 1 and 2) & ©HF F F8A 0] F7iste Ao
T GEER FEY & Ut

Mooney¢} Thelen(28)%] ¢J3i F @¥l=e] 2-D ot AFE
A, peptide mass fingerprinting(PMF) HPgol 23 Thuide] £
S AE HYLo o5 AA F v i 9uA 24E
Alzste] Ao 44709 AL FAHEAT. 2 A F2 WY
7 SRHAEL glycininF-9] ] HA 2/58 AABAL,
sucrose binding protein(14%), hypothetical proteins(12%) T2 =
veht o] 4% diAg 2 wo] BEA ALY ofF
7150l & WA JA 2 @A Jelyth a8y B 47
ANe F D AT 4849 dAg Rt B3] o
ol 71&9] AFoe thE g Bolx gith

2 AN ALE so7fe] dd AEE PMFE 4 2
 data®) A= E JEE score’t B vkon, FAE @y
AL EH EAL 24T & itk A% AFH e
o7le) wiFe] A=Y 2 F WNE f d9AL o,

AT AT a7 S dskske £ T ve. 443

2298 Thige 3 ckTable 1). 3 namoiME 15719 &
wao] 54 HAX AR f dide] 7, HER @
o] g7iAth(Table 2).

29| |H4 e et ol SEs7| fIE HE

Z(Ghein ma)?] §3A FRe o ung F£Ed HEY
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Table 3. Identification of soluble cheonggukjang and natto proteins by de novo sequencing and Basic Local Alignment Search Tool-
Protein

Band MS . .
No. Precursor Sequence Identified Protein
(Da)
1 2249 PRGALNFKEADVKPHGPVDEX alcohol dehydrogenase [Psychrobacter arcticus)
2 2012 GSSFGHCNCVEKHTKGGDLPR A/G-specific adenine glycosylase [Xylella fastidiosa]
2153  VMCSTPNSDANRVEGHVGAVR CU (copper) ATPase [Caenorhabditis elegans].
3 1825 KPDKASFYDPCVNER conserved hypothetical protein[Bacillus cereus]
1443  KNVFVACFACER beta-lactamase domain protein [4naeromyxobacter sp.]
1248 LKECLDTKNK serine/threonine kinase [4rabidopsis thaliana)
4 1638 KGGSHTGDKRDVASSH peptidase S11 [Psychrobacter cryohalolentis]
2705 NPNKTVENCHCKCALACAKAADSFR 2-isopropylmalate synthase [Nitrobacter winogradskyi]
5 2095 NGNTSLASGSKTKYGVGAKVR pyridine nucleotide-disulfide oxidoreductase[Bacillus thuringiensis)
1668 CCTASFCKSLAPPKGV cytosolic tRNA-Ala synthetase [4rabidopsis thaliana)
1290 AKSVAEDPGCASV YqgD [Bacillus]
6 1578 SKCRECARAPNCMR nucleoporin (Nup184) [Aspergillus clavatus]
7 1638 MKAADLFSAPNNTCR chloroplast lipocalin [Glycine max]
2501 NDDPGWMYVSETGLLFMGGKKR ABC transporter (ATP-binding protein) [Bacillus halodurans)
1690 FSSSAGESFETVGGKNS morphogenic protein [Bacillus subtilis]
8 1773 TLCRGKVCSRHFPR AMP-(fatty) acid ligase [Pseudomonas aeruginosa)
9 1499 REMTNSFAVCER cytokinin oxidase [4rabidopsis thaliana).
10 1254 RHRSLGGDVSGN dNDP-4-keto-6-deoxy-glucose-2,3-dehydratase [Geobacter sp.}
IN® 1748  CSTNERKSCETGVKPR serine metalloprotease [Legionella pneumophila]
1768 ACAKYDNCFGADKPRR glycosyl hydrolase family[Salvia miltiorrhiza)
2N°® 2153  GPRYNSVCFKGLVPEAGSSK enoyl-CoA hydratase [Roseobacter sp.]
3N® 1597 GHFDSNKCSYKVP PilY1 gene product [Xylella fastidiosal
2652 KPFFKKEVPGLVVSCGDGVTWNGM quinone oxidoreductase [Roseovarius sp.]
4N? 2669 CASKDCCSSCNGPSHGPTRHPPKSR Peptidase S26A, signal peptidase I [Medicago truncatula)
SN* 1209 SFTWTNAKVR glucosyltransferase [Streptococcus mutans])
2084 KVRTCKSDHGRFLSFLSFYCK protein kinase family [4rabidopsis thaliana]
1290 AKSVAEDPGCASV YqgD [Bacillus]
6N* 1884 EEGELVADMPSVSRPLR phosphoserine aminotransferase [Nitrosococcus oceant]
1909 CAPSAADHDMNAFGHPLR Dihydrodipicolinate reductase [Mycobacterium flavescens]
TN? 1549 KPGDGGRFTNHSGK glutathione S-transferase [Rhodobacter sphaeroides]
1144 MNRTGCARR UDP-glucose 4-epimerase [Roseobacter denitrificans]
8N? 1893 ATAVCTNVCTDGHNTCYR Peptidase [Francisella tularensis], yuaB [Bacillus]
ON® 1442 VPIAIDIICAGERK 3-hydroxyacyl-CoA dehydrogenase [Polaromonas naphthalenivorans]
2910 AKTASAAGGPNGGAGGPKETSTPGAADIFPVR glycin-rich signal peptide protein [Ralstonia metallidurans]
10N? 1222 VCPSDPYTCAR Glycosyl transferase, family 2 [Prochlorococcus marinus]
2083 CCRDAVSACERVDLYLKK NADH dehydrogenase [Arabidopsis thalianal]

8 #N, bands from natto sample
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