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Efficient preparation method of samplesfor proteomic analysis of
anaer obic hydrogen-producing granular sludge
LI Hua-Hua"? LIANG Qing*?* CUI Han*? XING De-Feng*?

1 School of Environment, Harbin Institute of Technology, Harbin, Heilongjiang 150090, China
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Abstract: [Background] Anaerobic hydrogen-producing granular sludge has more biomass, better settleability
and hydrogen production efficiency than flocculent sludge. Proteomic study on hydrogen-producing granular
sludge is helpful to revea the molecular mechanism of microbial metabolic changes in granular sludge,
which is beneficia to optimize the anaerobic metabolism process. However, sample preparation method for
its proteomic analysis has not been reported. The gram positive bacterium Ethanoligenens harbinense
YUAN-3 has been the only reported auto-aggregative hydrogen-producing strain, which can form
hydrogen-producing granular in batch and continuous cultures. The genome of strain YUAN-3 has been
completely sequenced. Therefore, granules which were formed by strain YUAN-3 were used as model
samples in the following experiments. [Objective] In order to facilitate proteomic research on
hydrogen-producing granular sludge, protein sample preparation method for proteomic analysis was
optimized. [Methods] Protein yields from liquid nitrogen grinding, sonication, and homogenization on was
investigated. Protein quality of samples prepared by trichloroacetic acid (TCA)-acetone precipitation method
and phenol extraction method was determined by Two-dimensional gel electrophoresis. The proteins were
further labeled with iTRAQ (Isobaric tags for relative and absolute quantification) or TMT (Tandem mass
tag) reagent and analyzed by using mass spectrometry. [Results] The protein yield from liquid nitrogen
grinding, sonication, and homogenization were 2-fold, 3.9-fold, and 5.2-fold higher than the control
respectively. Compared with TCA-acetone precipitation method, the protein spots, especialy including basic
proteins and low molecular weight proteins, significantly increased and uniformly distributed in the phenol
extraction sample. 1 797 and 1 644 proteins were identified in the iTRAQ and TMT labeling samples
respectively compared to 2 701 predicted proteins from E. harbinense YUAN-3. The distribution of
identified proteins across different ranges of molecular weight, isoelectric point and subcellular localization
was similar to the predicted proteome of E. harbinense Y UAN-3 based on its genome with some exceptions.
[Conclusion] Combination of homogenization and phenol extraction method works the best in sample
preparation for proteomic analysis of hydrogen-producing granular sludge, which contributes to obtain high
quality proteomic data.

Keywords: Hydrogen-producing granular sludge, Gram-positive bacteria, Proteomics, Sonication,
Homogenization, TCA-acetone precipitation method, Phenol extraction method

Microbiol. China

EEREEMERHIATHE, SR
(Proteome)filf 52 v fiff Bt A= il 1A Hh 52 2% 119 A= B REAIL
it T H L ABORTBL, DFEE], mRNA K-
AR I A R LA R A KRR AR, TE4H
WA A R B, A N A 5 R
I8 A MRNA =5 FRCE A 40% /240, B 1
4% (Proteomics) DL A AT 52, 2T ik
F18 £ 11 J5 2 27 B R AT [ g G 0 1 5 40 L P A0 2
FUBT R B4, ol DU 2 P 8 i i 7 722
e, JETTE A YA A S A AR AL S T REIL

W TRZ P9, R A R R e )
TSI —POBT RS, 8 1 SO EOR S R DI A Y
HABRG T RESEE, AUTRENRERE
PILA AT ATt A 55 M, TR P A Bl
AP Z A R SN IR Z AR G R, H AT
R A0 Z T TG KA E | PR
R | It RS S B
Jo A~ e ) e AR R B AR T 2 AR
fR ) o i, AR X — H SR BRI 2 1 ]
AR EIR G T R EA . T AR A

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



AR PR EUIURLTS YR 2R 1 B 0 MRt i ) i 8l 48 7 1869

FE S 0 B AR 2E 5, H RO 38 A 2 R il
B, R R A PR T R P R R
il # =0,

R V5 e 2 — R A ) SR T 1 R R T
AAAEE, HA N 0.1 mm-5.0mm, 7EERRE
FoR, ROk e A] s SOV AR AR BREE T, AT
S0 S I L e BE LA R T 23 g 9 g
ShR-E W) (Extracellular polymeric substances, EPS)
. AR, BRERSFNEIESY, A
NS Y TRERITA L ETR) IR K (kB M G|
BERAE — BIE UKL, 2 ORLT5 B iy 22 5%
PR RS U8 U AT T2 I S
TEFARZ —, MG R EGTR, 7 E bk
15 IREA R g e EaeRk L e
PTG THE G REE T 2 A6, FRg
1.6 mm, Bt BRE SR, BRI . AR R
B R WA [ A B AR R W] LU i
LD TRERIA IO A & 211 S =R U E R GBI (O
KATE FBAE AR LR RS0 . T AR 52
SRR AN VRS TR TR EP R B Y LS R N
28 )y Ty O8] e RS YR A R 1 R4 AR S
ARULSCHRARIE o 1S IR P LA (Ethanoligenens
harbinense) & Z, i Y & I 1 il &0 10 32 22 D fE
#£1% Ethanoligenens harbinense Y UAN-3 J& M /R 1
7 AT R R T AR, AR T A R
J1, RN T EE e H AR L BRI AT IR 5 AR N
0.5 mm-10.0 mm ¥ H EEAE R, BA RIF T AR
FABME, [RIE H T 5 — TR B TS AR TS e 2
HBRHR/NER, BT Eaddsnymibatr, FEitk
TEBEIZ R MRTE B T35 P RORL 15 VeV A o v
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XA e S R TR RO R PR S R R
R —2, Al {4 N B 2 A R BRI,
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iy A, BRERBES RS TR R aifl
e S AR A, s R Ak

(2 M RE B S BRSRBE S i s AN 22 [
R 4 T 4 25 {152 20 Jifd 7 (Pseudomonas aer uginosa)-
KW AT 1 (Escherichia coli) 4 Jik 58 4 )2 58 B 43 )
& 2.14+0.54 nm 5 6.35+0.53 nm'?2 | # > [T H
T hi 55 28 # KT 7 (Bacillus subtilis) 5 4x 2 {4 4 %45
EK P& (Saphylococcus aureus) (1) ik R0 )2 5 FE N
33.6+4.0 nm 5 33.8+5.4 nmZ2 | W4 /R I 2 BEFF
PR T L R PEE B, At ml oy He e s
G PR R 2R e i k5%
1 MRS HE%
11 EFERFIFUE RIEFE

JEREE 11, Promega/AF]; TMT 6-plex iz,
ThermoFisher /2] ; iTRAQ 4-plex i7], AB SCIEX
/vl 2D Clean-Up ifl &, GE Healthcare 24w,
e, Merck Millipore /A +]; WEIHLIKAY, GE
Healthcare /A Fl; A% IE{L, MP FastPrep A F];
TP AL, T U2 AR R A IR A T A
THEA @ | Jii%{Y, Thermo Scientific A, PYG
PR AR A5 97 5 1 53 2 B SR 25] e il
12 EFRFHREERGE

E. harbinense Y UAN-3 /1 £ PY G R &I R:
Fdrh(pH 7.0), 35°C. 120 r/min 50 F 335 2%
B, BOBUS Y, 10 000 r/min 2.0 5 min I
WK, BRI, PBSZMHR(pH 7.4) 5T,
ELOBRR BN, EEWHE IR, WAYRIET-80°C
vKAE
1.3 FEBRISWEE K

SR TR IO ) R B il $e i 5 TCA-PI
UIGER:, SCIAL RS BOCHR[26-27] . 8 PV B
i 2D Clean-Up i &, WUl ML ik LD PR 2 IR
CHR[28] -
14 ZBEBB TMT #Ri25 iTRAQ #rid
141 TMT 6-plex #5ig

0.75 mg EHH A 100 pL 6 mol/L AYERFRAR
PEATEEYS, MRS 1 mol/L f Tris-HCl (pH 8.1)
4 pH R 7.5 DI, IMAZIRES 20 mmol/L
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() DTT, 60 °C 4bFH 30 min #7185, BHEEIR
JE AL BE R 40 mmol/L (ITLZ Tk, 28 IR
1 h #Frhe b, FRISEHE SRS 2B £(10 kD,
05-3.0 mL), fE&A 2 mol/L JRZE 5 50 mmol/L %k
TRE W BT 2 h, SRIGTESA 50 mmol/L
WRIR EEL IR R BT 2 K, BHR 2 h, Biss
J& . RESR AT & A 1:50 (B 1 R ) i
EAM, 37 °C ATV . BV S A KB
Amicon BUEEIUE, RIS LS TR BRak B Ik
H TMT 6-plex il ikBL i T TMT Frics
142 iTRAQ 4-plex ¥ric

0.75 mg EHFHIA 150 uL %4 50 mmol/L
DTT i 1xLDS EA:ZE ik, 90 °C /Kift 10 min, HX
10%HHRE S T SDS-PAGE (10%)5Eic Tk, 5
FERE iR HE AR S (1-2 em)f58 1 Hi ik . B A
BEREYI R, INAZHE 4y 10 mmol/L 7 DTT, 60 °C
ALBR 30 min TR . B HI EETG, ALK
1 20 mmol/L L2 BERE , ZEEEE 1 h ke
Ak RESE AT A 1:50 (AR 11 AR ) B i
HAM, 37 CHITHYIE®R . FEH 60%LIES
590 iR A4 ¥ TR I i B4 AR B AR e Tk
SRIG LA TR A BRAR FE 0 . T ITRAQ 4-plex
BRBHEA T ITRAQ FRic
15 RIESEMEEFESHR

I AN TR €535 5 #R I BT 1 156 FH (Nano-L.C-
MSIMS) 7 bR e 5 R BRBERE A T BT S5
BIFRIC IR BRE A IA T 0.1% =2k, FAER
Trap#E I, A 10 pL/min fA3iis F 0.2 HHERE 5 min,
Feaie A Trap #EAHIZE RSS2 300 nL/min 1Y
T FH T B (0.16%H iR, 80%ZIE)EA T4 A
BEM . 4%-15%0¥%5 K B YEi 25 min, 15%—25%i1)
T B PENK 65 min, 25%—50%F1) A B YA 55 min,
Fit {SCR B O AR B8R, MS 24335
Ar¥EFCA 120 000, HEHCE FoR B HEA B 20 B3R T
MS/MS i, MSIMS HHir4r#E% R 30 000,
T AR RIEE e B BN 30%, shASHERR:RLEMT ]
>4 30 s, Nano-LC-MSIMS 75 i) , 7 MUDPIT

BT RIS AT X1 Tandem (Sledgehammer /i)
WRGIESATBIR AR, Bdi% N Ethanoligenens
harbinense YUAN-3 %{#}i %2 (Bacteria.ensembl.org;
genome assembly: ASM17811v2). [ 5E &1 b2
Jbfe 2 I A D Y R A DL K 6 2 B2 i TMT/ITRAQ bR
id, AIASEME MR N 3G TMT/ATRAQ #rid 5
RE AR A, B 757 i iRz iR E
HNH-7x107° 5 2x107°, - F#E>20 000, fik
B log(e) <2.0. $RBURE BT F R, RAIsRFRE
BT LB o A BB A T — A Gt o i o i
BB E . a5 AT ]
Compute pl/Mw (https://web.expasy.org/compute_pi/),
WAt M o7 54 B 1k PSORTD 3.0.2 Fiil
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FEa AT AL, PRI B bR R S B, [
LA JURP R B v %o R AR IR (A )
211 RAMMEE

TEWFA IR AL, KA T oS 2 1 JIR
WA 5RNE LR, RELPEN 1 g AR
FREUR R N 4.4240.24 mg; 45 AP

10

— L
=
5 8t
5
<
8
X
E
=
o 47
=
=
e
He 2 —

0

Control  Grinding

1 REMBENERRRENFMN
Figure 1 The protein yields by liquid nitrogen grinding
method
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FEA SR B A 1 8.88+0.45 mg, 2 Xf BRAE
[ 2.0 £
212 BEMWEE

B BEARE S A1, At RR & B8 5 SR R T R
550 W, PRl 20%, #/ 1s, [ 8 s, 4l
100, 200, 400 MEH, fefa—AFEMmEE 24N
550 W, {EiE 30%, #iF 1s, A&k 8's, #fT 400 4~
PE¥R. G5SNE 2 fis, Bl R IR A,
PRI (RN . JTr X RERE S BRI B
FHit/b, MRIE 20%-2E1 5 400 AMEERALBR )RR
rn PR 2, A 17.35+0.27 mg, JE X IR
mhir) 3.9 1%

213 HYHpRSIRIEEEE

TEANMI R A DEA TR R AL B, A s ]
%4 20, 40, 60, 80. 100 s, Y #HisF Tkl 4.5 m/s,
BERERE 20 s) , AGHOKHRE A O T B UK EREIR 3 min,
SEOLNE 3 i, R HRER AR S R,
TR LB (]2 80 s FFE S 4R B AR i i £
h 23.14+0.42 mg, SEXTHEFEM Y 5.2 f5.

DL EZEIRERE], S e AL, SR
PR B B | AR RSCR ARt T LI 7 B R
RRFEAR Tt b 88 R g XURS: o P R B
SRERVE DT IR B, MRS BIAR, (H TR B[]
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U5 6 -5 8 % ER P R R i
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Protein yield (mg/g bacteria)
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Figure2 Theprotein yields by sonication method
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Figure3 Theprotein yields by homogenization method
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SR IBOR S RRYE, AT LIAT ROl 2 17K St it 1 1
Py BT RIS RE TINEAE S, il
FEAR AR LAZEAL . 20T R R AP IR R B, A
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PRI, AT SR J S5 3 00 . bR
e —M REFEAER, HORRETREmZ,
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M, ZRANK 4 B, e EAERE(0.5 mg)tH
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Figure 4 Two-dimensional electrophoresis map of total
proteins which were extracted using TCA-acetone
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respectively

23 TMT #RIB/iTRAQ fMRic P HERLEE
KT R 25 SR AL BT i 1R £ K
B g AR T TMT 6-plex bric .8 E H
P 5 ITRAQ 4-plex FRic i B FIAE ML . 7E
YUAN-3 JERAH R IA 2 700 ASHEH,
iTRAQ 4-plex tRic BB #E Y UAN-3 B8R FI AR dfh ot
YEF 1 797 AMEE, b ERA I e
66.5%. 1fif TMT 6-plex #ric 4 YUAN-3 B8 FIAE i
HRAEMOEE] 1 644 AR, IR DR AL AR 1A
60.9%, & [BTH A5, S5 DL A e £
S ML RE A AR AR, TS A 1
5 YUAN-3 R4 H 0 26 A o F i . A5
WA E LA AT T HO . SR YUAN-3 JE[H
PN A, iITRAQITMT FRickein % E

FIMEAALIT 3R

(1) /NMrFREA AR, JUHIE 0-10 kD
MR 1), #ig b, BP0, EHR0F
R BRI AL S A B SR, RN
AR IR 5 159 20 A AR D KB R H b, TR
1 T /Ny TR ATERE T P S J LR
T TRAQTMT ArickE it % B/ NV T 2R
1 L s D A

(2) %A 3.0-5.0 IR 1 555 5 9.0-13.0
FIBR 2R 1 Ee B (3R 2) o i A B A
SR S Z BfEEIEAMC LR, /Ny
B LR B R R 1, ANV R
R IEEIRBER R, AR 2R A i i 155
FL S I AR BRI R, iITRAQITMT ARick:
o S E B S H S 3.0-5.0 YR TR M5 S H N
9.0-13.0 fBHPEE 1 Ll s 5/NVrF R T
A

(3) A 2 24t S5 At U A/ 2 1 L 3 ik 2>
RIS 155 240 B T 6 1 B fBsl b (3 3). Hh TR
F 5 AR TR 2R A AE S TR K A5 A R, TR 11 il
ARAEXT 5 HES b K 25 AL IR T R D), (A A 1
# 1 H# YAUN-3 iTRAQ/TMT fricHmPLEER
Mo FESHS5LEFREATNEBLE
Table 1 Molecular weight distribution of the proteins

identified by iTRAQ/TMT labeling vs predicted proteins
from YUAN-3 genome

Molecular Genome ITRAQ TMT
weight (kD) (%) labeling (%) labeling (%)
0-10 8.81 3.78 4.56
10-20 21.66 17.97 18.37
20-30 20.99 22.48 22.63
30-40 18.36 20.26 20.26
40-50 1251 15.14 14.42
50-60 6.92 7.23 7.42
60-70 341 4.23 3.83
70-80 2.30 2.78 2.49
80-90 1.70 2.06 1.95
90-100 1.04 134 1.34
100-110 0.59 0.67 0.73
110-120 0.44 0.67 0.55
>120 1.26 1.39 1.46
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% 2 H#k YAUN-3 iTRAQ/TMT frickmP L EEH
HNEFBE AN H 52 ERETNEBER

Table 2 Isoelectric point distribution of the proteins
identified by iITRAQ/TMT labeling vs the predicted
proteins from YUAN-3 genome

Isoelectric Genome  iTRAQIabeling TMT labeling
point (%0) (%) (%)
34 0.6 0.3 0.4
4-5 11.0 9.2 10.0
5-6 30.5 36.4 38.1
6-7 17.7 18.6 18.9
7-8 6.1 6.1 6.0
8-9 111 1.1 10.8
9-10 17.9 14.6 12.7

10-11 4.1 29 25
11-12 10 0.7 0.7
12-13 0.1 0.0 0.1

% 3 H#k YAUN-3 iTRAQ/TMT frickmP L EEA
B 4R E 1L 43 0 5 £ EE A TN E AR LR

Table 3 Subcdlular localization distribution of the proteins
identified by iITRAQ/TMT labeling vs the predicted
proteins from YUAN-3 genome

Genome iTRAQ labeling TMT labeling

Subcellular localization

(%) (%) (%)
Cytoplasmic 55.2 64.2 66.8
Cytoplasmic membrane 26.0 223 19.6
Extracellular 20 12 12
Cell wall 0.4 04 0.2
Unknown 16.3 12.0 121

S A& AR S KB B R, BRI T
iTRAQTMT FIFRICACKRS. B4k, IHEMA 5S4
1A IS A 7K R 2 X S 43 B T TR R
R IOTE A TP i 2 S 45 B0 e i Sk
iTRAQ/TMT #richf it % 2R 1 5 4%
A1 2R T E A8 D A

PRI DAL, iITRAQITMT FRicke il
SE SR 1 A7 FLES S TR YUAN-3 JE K 40 A i
A2, 805 TR Y UAN-3 JE K 28 i
WIEE A A7 b, dE— RIS R S TR
il 28 7L RR S R AT HL A 5 AR YUAN-3 Hig A2k
IR, AT AT 2RO 56 19 8 (1 4 5 -

3 WikE4w

AW BRI AT TS . R . 2ES)
FRRRXT P EUMOR A TR, HRTCT R ashe
T AT B P AH SR R WAGE o DARZ AT
AEFRAYSZIORE A AT IEAL, 3 FhRGRE L T BN
AIFRIBCER A3 i xt FRAE LY 2.0. 3.9 5 5.2 1,
UL AT IR (80 o) B3 ) Al Jk T g S 4 2%
FC BH: TR A A

3 3 0 i) L Yk AR 58 TCA-I DL ik 5 oK
P A SR Hh AR TR U R SR, 4
T, AR I SR P R AN S
%, FEATERU KIS R A B B 2
o tb e I i [ W W T R A S DAY N e =w A S
(R 55t B B 22 . TCA-TNRITTIE 2 SR B 7K
SO I8 TR R 1 76 X e] H Ok Pl i b A7 AR
Ui B 1R R TS 0L, 52 A, PRIAR LT
BE AR FEC B RN, SRR
PAELE, 38 FHOR B fl PR L SR HU Y B 33 B S BT A
(Xanthomonas campestris)iE R £, #HIiEA 5
TR L Pk AR B 1R e Wik
S G AN TR 1) B R USRI Tt 2 B, 32
DR B PRI SR U R T TCA-N R
We, BB AU LKA

W BTG, ITRAQ FRICS TMT FridiyiE
FIREA AR E R 1 797 5 1 644 MR, LI
FIREFE %M, iTRAQ 4-plex L TMT 6-plex HA W
FHIFRCRCE,, iITRAQ 4-plex ARic FIAE il H % 5 2]
(R RO 2B AR E RS R R A —
%, 5 TMT 6-plex trictitt, iTRAQ 4-plex fric
) YUAN-3 SR IR v 45 30 00 2 1 o 1
T 5.6%. 7E iTRAQ Fric WS 20 RSB FIFE
Fib s e F 1 452 R, 5 L TR A
B 40% 74478 7E#R B (Clostridium sp. strain
BOH3)[Y iTRAQ Hricsk il 2~ , Ml )i
TR AR % E 3 838 AT, B0 ATy L DR 4 T
EE 20924 4750 . 16 N I 45 %% 55 i (Neisseria
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meningitidis)) TMT #ric & AL s Hr @ ad i
TEHAR K EF] 609 N, o HILP A N A 4
Y 28.29%6°% 7ERIHHFFE(E. coli K-12 MG1655)
TMT pmid iR R s tireh, B4 3] 3123 4k
1, i PR A R R 9 63%, 72 iITRAQ
4-plex Hric s TMT 6-plex bric i) Y UAN-3 B2 Ik
i P ST A R B A B (AR AR T E. harbinense
Y UAN-3 J5E PR 41 1ol 2 1 4500 1) 60%. 1 i 4 e
A 5 Y UAN-3 LR AR IR (A 21 L 25
HL L AR A A T T R . SRR, 1
GyFaE. SR ANME O S A S
TR B H A 55 T E. harbinense YUAN-3 H 4%
ANRRIEA

25 B RTIR, ST MR (80 9) 5 R MR L
(18 28 1 4 O 2% T T PR AR S ORI T 5
2 ERPHYEANTE , 1205 A R A RBCAT SE A 8 1 4l
Bl , 76 SRR FFORL I H PKORE 2R 1 B ZH R
oM, ATVE SR AUk 5 e LA K 24 G B TR
BEATRSN RS % .
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