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Abstract: Type 2 diabetes mellitus (T2DM) is a global metabolic disease with potentially life-
threatening complications. Liver metabolism plays a vital role in the occurrence and development of
diabetes mellitus. It has been reported that the Chinese medicinal Anemarrhenae rhizoma (AR) can
relieve insulin resistance and diabetes mellitus. However, the effect on abnormal liver metabolism in
diabetes mellitus is still unclear. Therefore, we extracted liver proteins of T2DM rats induced by
high-fat diet (HFD) and streptozotocin (STZ), T2DM rats treated with AR extract (ARE), obesity rats
(fed with HFD), and normal control rats (fed with normal diet). Then, through tandem mass tag (TMT)
labeling combined with mass spectrometry (MS), we obtained the quantitative proteomic data.
Bioinformatics software was used for hierarchical cluster analysis and principal component analysis of
the data in each group. The volcano map for differentially expressed proteins (P<0.05, fold change>1.5)
was plotted. It was found that the treatment group was closer to the normal control group, indicating that
the quantitative proteomic data of liver tissue can reflect the therapeutic effect of ARE on T2DM rats.
Key protein clusters closely related to the treatment of ARE were screened out. The Gene Ontology (GO)
terms and Kyoto Encyclopedia of Genes and Genomes (KEGG) pathways of the protein clusters were
analyzed by David, and the result showed that AR’s alleviation of abnormal fatty acid metabolism in livers
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of T2DM rats may be related to the regulation of the expression of key proteins Ndufa6 and Prkar2b.

Keywords: type 2 diabetes mellitus; liver; Anemarrhenae rhizoma; quantitative proteomics; fatty acid

metabolism
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DUTSBE220719_02), Zh#ims: THrfESi = 45
PR, RS R BGE B R SR 7 d R IR E AR

T B SC 5 A 2 R IE R IR K RUORE BR 4
(normal control, NC, n=6), & F1EH K E1H 3% ;
HIE K E KR A AL 4] (obesity model, OM,
n=6), ffi =I5k} (high-fat diet, HFD) i35 ;
2 AU PRI K BSR4 (diabetes model, DM,
n=6), i = I8 K& Ak 2% 25 ) 4 ik Ak T &R
(streptozotocin, STZ) MW KiFET; HEHEHY)
AbEE 2 RUBE PR K BB 2] (Anemarrhenae
Rhizoma, AR, n=6), &t j7i K 6 H Wistar 1
PE K BUIE & Tk B MR A S 45 R AE M IE
WRERBEXIEA ., 6 H Wistar HEE KSR
HFD 23 SCI0 285 Ay AR TR R BB A
74 J Wistar HEPE AR BRUIR SR R R ARDRL 18 d 5 —ik
PRS2 25) STZ, PR B & 40 M 75 & KR
PREEREIRIG , FEE 25 do FEHS 25 KIEAT IBEI
SERIOREE, 55 42 RIFAT BN E 2407, ik
SR BRI Al A 2 b 200328 (oral glucose tolerance
test, OGTT) HYJ7k, MU T 11.1 mmol/L #IA
HRFTERUERT 2 B R K BB, B i &
PRUERY 2 B PR R BB R . 25 i I
B 2 h B S MR REAL o 5 2 EH 2 4]
HATIR SR 25555, 4G TR (5% MR
LR M) . FIBRERES , 42d Jabst. FIH
2h G MR | RS 2R & =8k . R
T =T RO [ S g A T R T £ 240 L B O AR A
AR, PR ) T PO K X R 4 K LR
TS R R A AR R R AT T
JREE T, IMEARIE T ZEF R i i E
T 53 e 8 8 5 2 R 9 T LA B R L TR 40,
1.2 HREAERRER

it FH 28 9 280 TV R A AR BAF s 7 T R o 45
KRB AFIEALE (BRI R 5—-6 K
) R OB A, FHAEB AR AL 9 mol/L
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JK & (urea) . 30 mmol/L 5 fL#§ (NaCl) .
10 mmol/L — % H BL & B W e Eh PR L (Tris-
HCl). 10 mmol/L ft Z [ #% (iodoacetamide,
IAM).5 mmol/L FE#lR 4N (NayP,0-).100 mmol/L
Wi — %8 (NaH,PO,). 1 mmol/L F {1k #h
(NaF). 1mmol/L #1fRE (Na;VO,). 1 mmol/L
B TR ek 0 1 AT o ) 1) AL 2 oP R . KR
A 6 min, BOWEE BIEW . 0 T A
R FEM LI, KAHA 5 HAY)7
BEMWFEHLEAFEMREGE %, RER
—80 CykAf# M.
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i ] SDS-PAGE X 12 Hit i JFJIiE 2H 42 1 3
(ERin g oAl I RO SR S e S B i e o = 3
HL UK 45 PS5 N3 i 2% D e i A (R G £
AW E AEEHBAR (20% CH;OH, 5%
CH;COOH) #ATH (A, fFE A LRE, WL
T o X TC R AR D A A ) B L RE
SCImage 3R {FHEA T K 5 % & -
1.4 FERREY

2 H 100 pg 5 B B -7 1) 2 AR A T
E BRI . =R IR R A4 (OM)
By 100 pg A Uh FFIE A 2U8 FURE S R4 T
VI AEREARER S REH ST IIA 5 mmol/L
TR MEREE (dithiothreitol, DTT), T 45 C4: )&
IR JE N 30 min, fIIA 20 mmol/L fill 2, fE i
(IAM), =i #EOCLE AL W 30 min, f§i
SDS-PAGE Ji&Z7r &8, HUkKE 0.8 cm. fiiH]
1.3 iy Bk A7 %5 S s i e o R i £
EALKWYIHN 1 mm® 24 IRFLE T 1.5 mL
BB BRPINAB G (30% CAN,
500 mmol/L NH,HCO;) ki H 2B TC 6, 78
BA BRI B L E TP INA N (acetonitrile,
ACN) ik, ZREEZZLREERK 2T
PR FREA TEER R EL.OEE TR, A
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&4 50 mmol/L NH,HCO;, 5% ACN, 12.5 ng/uL
T B, 1 T PO TR 2 o, R ORE TR A R K IS T
37 CHEIRAME 14 h,

WH, FE.oEBGl, i 17 000xg %
HE O, B WA E OB T kL
Flin AR (5% formic acid, 50% ACN),
17 000xg £5.0> 1 min, ##E 4 min, ¥ LEF5 L
— SR EEAIF, EERAPE 45 . A
ACN HEWK, HIA EEEIFTHELE
o, IRAIE RN R B BE, A1 pg ARBCE T
PCR EH L& VIR TR . &5, HE
O B PCRAE BT HAS R VR T AN e 4 105
AR IRBCRE i
1.5 BKEX TMT #Rid RARig s E &

1 mol/L PUZ IR (tetracthylammonium
bromide, TEAB) B H ddH,O i Bt 20 f5 %
Ak i 50 mmol/L, ¥ 50%3 i ] 50 mmol/L
TEAB Fi B¢ 10 £ R AWK IE 5%, LI& 5225000
FiF s o MAUKAR B BRBCRE & 5 iMAL 105 uL
50 mmol/L TEAB IR%5], 7070 i IR BOAE i ) 25
L, B 100 pL G 20T s 08 . UKAR
U TMT 330, 11 445 TMT 3550 oI A 50 uL
Jo7K ACN FEAMTR AT B0 o 43l B 45 uL TMT
RAUMA 5 DA RREAE L, #5288 127N
Fric AR 41, #5724 128C Fric DM 41, #5%5 129N
FRic NC 41, 3% 129C Al 130C Fric OM 41,
VE R S50 MR R E 5 o FE 4R A0 5 Rl A i pH
5, pH{EN KT 7.5, #ERM 1-2 he 5%
FES PG 1.5 nL BB IR R EH 5 Ul 5%
Je i) PCR & iR & kL, 1AIZET, HTFhrid
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i 20 pL H BT YR Cos BEER A, RS2 A
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http://journals.im.ac.cn/cjben

ddH,0) JHYE, HIGMA 20 L Z A (1%
CAN, 1% TFA, ddH,0) Ffiif, =& VfiyH 5%
1-2 o AT 10 pL ZEvhil A 5853 ¥ i 20 B
1.5 "PFRiC 58 U IRBAE S I Crs B A
TECE TARIC K “FT[ PCR B, R IS
BE 1. 1] Cog JARAEMA 20 pL 2200 A,
T E T AR id R wash”f) PCR &, )5,
] Cg BEERAE A 20 uL ZZ Wi B, PRI
B THRic A “elution”y) PCR &, EH I
1K, BFric Melution”f) PCR & B T H4ZS
R TR R 4R TR AT AR IC BRI
FPRICRCRIE R 5, KPR 1.5 hRIRAE RS
HFRIRERZET.
1.7 RESBREXSH

R A KBt 47 % BOBAH 70 85 (Rigol, L-
3120), FEAEEA CigfEH (150 A, 5 um, 4.6 mmx
250 mm), SFEBERE . A MRS | B ARVREELL 2
THEAE BT 1o & 1 min I 1 AMEES, 36
Wtk 604>, G IF 8 121400 AR TE N TMTI-12,
HIFTNEMT R 20 B TR, B0
500 ng FEA7 SR .
1.8 TMT #RiC /54 f g4 & 303
RE

iR d A Easy-Nano LC 1 200 & AH (3
T, JrEIRRRE . B AR DL S B LR 3,
kB 28 B 25 58 1R 2 T A5 #E A Q Exactive
HF (Thermo Fisher Scientific) i H#E17
Kl Bl S8 E . HEEE D 375
1 400 m/z, APERN 1.2x10°, A S5 # 6
(automatic gain control, AGC) & 3x10°%; %%
45 3% FH B0 O AL R E A 5 (data-dependent
acquisition, DDA); £ — 2tk FEHEA T 15
AV Tt — P B T U R EO AR B T
SR AR RE A1 S T
collision-induced dissociation, HCD), AGC X

(higher-energy
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1x10°, fRKE TS 100 ms, A3
PRI IE 1 B RN A B+

W B A UG T SO R 58 28 1 B8 R 4K
4 MaxQuant (version 1.6.6.0) JE1T8EIE %,
Y5 UniProt Rattus norvegicus #5145 %
(version June, 2020, UP000002494) #17H%¢,
ZHEE . BEVIZERE trypsing S KIEYI R
24 RKBEKEZRD 7 AEEmR; EEBmEN
PR IREEAL (C); AT AR Sy H i 2 R 41
R CmEARE ;. BkBe AT F /K7 FDR<0.01;
MS2 i B T RO R AR E 10 47 TMT, %
FRAAE FHBR 2RI AT
1.9 MUERESHREES T

i MaxQuant {148 245 2 1) J5L 46 7€ 1
A0 2H 2 o R AT AR T ] o B LA
FE T A7 BT o A Perseus (version 1.6.6.0)
AT AT & HEAE S AL (45 E
UE— oAb BRI Bl 2R (R 3 AR AR B DL B R 22 51
Bro W EIH— 1S B % B A1 Subtract HJHE LA
J Transform DJRESE M. BRI AEAHAME BhiZ 4K
%) Imputation JJRE5E K., Width Z8UE H 0.3,
Down shift Z0E N 1.8, #F—H Bz F5
TR O A 2 R T R R R
DA FE R8T DL P<0.05 FIZ2 55 A550 (fold
*2 HEmEHAE
Table 2 Method of sample combination

change)>1.5 Jy B{E AR HER £ 25 S RIbE M, il
FH2E 5 88 1 i — 20 0 S R 2H B0 s R A7 2 R
R HRBCEEE H K (cluster). FJH] David
TEZL M (https://david.nciferf.gov/tools.jsp) X
25 5/ B cluster #1T GO g X KEGG
T B 53T

2 ERSAM

21 FFEEEEHEREN. NEKREER
HEREMES

NARFTHIEEXE 2 BB PR R BB 2R T
AR, o3 0 BE R | R P SRS T DR 2H 2T
FIEERES, BUS pL & R EAT R
(B 1o BHEARER S YIS EA

x1 BERESVRERESEHE
Table 1 Offline reversed-phase high performance
liquid chromatography (HPLC) separation gradients

Time (min) A (%) B (%) Flow (mL/min)
Initial 100 0 0.4
05:00 100 0.4
08:00 97 3 0.7
45:00 78 22 0.7
55:00 68 32 0.7
56:00 10 90 0.7
58:00 10 90 0.7
60:00 100 0 0.7

Sample TMT1  TMT2 TMT3 TMT4 TMTS TMT6 TMT7 TMT8 TMT9 TMTI10 TMTIl TMTI2
1 2 3 4 5 6 7 8 9 10 11 12

13 14 15 16 17 18 19 20 21 22 23 24
Fraction 25 26 27 28 29 30 31 32 33 34 35 36

37 38 39 40 41 42 43 44 45 46 47 48

49 50 51 52 53 54 55 56 57 58 59 60
x3 TEEFEARBAIE
Table 3 Quantitative proteomic data
Sample  Total spectra  PSM MS, (%) Identified protein Identified peptide Labeling efficiency (%)
ALL 593 977 146 068 24.59 5919 52939 >91.2
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ion vk DM AR oM Ne AT, R WA s 45 LR SRR A
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25 —— .._, KB, 5 919 MEH, WICRUEKRT 91.20%
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Figure 1  SDS-PAGE prof;le of liver protein BEPERISIAT . DU T 0 2 53 AT E-2¢ Da 51

samples. 2¢”’ Da, {H4AKZH 5 Hiti-1e” Da %l 1e” Da,
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Figure 2 Workflow of the quantitative proteomics experiment.
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RS LE (B 3A). i OM AHEARER
(BRZER 129C F1 130C) FOME S H AT 2 A O
Mo, MEREC (RY) fHM 0.998 2, FEHY
SE R A A A DG R L BR RS e M
( 3B)o £ 4RE S % B I A S 5mE r fi
Tl —2L, logy(intensity) 4375 T 5-25 ZIi],
TR R R, AN RO e ELAR
wif (Kl 30),
2.2 FFRREATE =R H REEIEE R
B3t 2 BIHE R Im K RAR B AR 7T 3R

XoF I 20 21 1) i 2 1 o 4 508 AR A T A
SINTIG, BRER ST R4S BB 2 75 BB S i R
AIRIT R . XF MaxQuant 448 1S 2 1) &
P 5 (R T PR — Ak A R e 2 1 47 1 45 T
W AT BRI A (K 4A), P B
8 TR AL e 3 P B ] BB RO — R . R IRIK R
KEF (OM_1 FHIOM 2) BN —#EH OM 1
FOM_2 AT LIS IEH IR R EXT A (NC) RN
— . LIXTHRZL (NC., OM_1, OM 2) fE A H
Ko, 2 BB KRB AV BEEIT 4 (AR)
BARIGITH (DM) 17 HHEXT A, k4
HERAIT IS 2 RV R B T 15 BN 28, K
A A 1] T 1E R R T i — 25 AT 3
AT, AEECGTRR B KPS E AL (component
1 4 54.0%, component?2 & 25.2%) #H175¥E
AL, BB — R I DTER TR 25 4
WHERERE N —3, "IFKE KRR
(OM_1F1OM_2) HIEHHKEKEXIEA (NC)
Rh—H., UXEY (NC, OM_1, OM 2)
YERI R L, T otlki ROy 2 05— F s Jr
], 2 BUHEPRAE K BB BERYT 4 (AR) K
KIIT4 (DM) 15 EHEE X 4L (K 4B).
i P<0.05, fold change>1.5 1E by [ {E by U 7
L E AT, 22 R P H B R P4 2 5
HOK, KR Hrs R 5 2R BRI Pras R —
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Figure 3 Quality control analysis of instruments
and data. (A) Quality control analysis of
instruments. (B) Quantitative correlation analysis of
technical repeat group data. (C) The distribution of
proteins intensity identified in each group.

P<: cjb@im.ac.cn



3896 ISSN 1000-3061 CN 11-1998/Q =4 T #2*43 Chin J Biotech

H, RIBITHMBIT B ZERRELR (B 40),

212 EREN, Hl 165 MM EEA K&
47 A~ FVREE; AERA T A AR R 22 5%
W/ (F4D), 176 MEREH, Hd 1574
TREA KL 19 A FEEN; SRR EAER
XfHRZH 2% S (B 4B), S 64 MERE
F, 36 MR IEE N & 28 A~ BIEHEN,
U, 3T I 2 20 e R AL I B o M

WURIBEIR YT 2 RO B R S v e e — e R
RIZEAR, BRI Hr o 2R 5 R AL AN — B
2.3 FABEETERR 2 BIHERBIREL KR AY
5t % B A A8 Bn BR 4K 16

N T WIS R LN R AT RE L BRJE R
HE R, HRE 2 RUR PR R UL
BRBST IR FHEBRIGI T 2 OB PRI R U B
TE 7 A 22 S 0 AR DL RO 28 4R I v % 38

A B . AR '
[ —— !
s
N
w
Ls5r
o
5
S| — -
=3 0 70M72 NC,
g 1 F oM 1 | e -
e Y
—5_' 1 1 I—-I—-._._.‘
-5 0 5 10
Component 1 (54%)
C D E
50 - 180 - 50
[
45 - 160 - 45+ o
157 19
40r 65 47 140 40 36 .
s °r . _ 120 3
= o —_
= 30F = 8 30F
3 . S 100t E . .
<25t Normal < Normal  J 25 Normal
ilol) 20k oo, ° Up § 80 ': ° Up %(3) 20k . :. ° Up
151 Y e Down bo60r ., *Down T 1501 '.-.. e Down
& ~ ° g
0F o’ 40r . 10+ g
3 gl J :
5k 7 201 5k N
° 4
L O 1 1 | L 0 l\ | 0 | ! | |
-4 -2 0 2 4 —4 -2 2 -2 -1 0 1 2
log, (DM/NC) log, (AR/NC) log, (OM/NC)

4 2EBRBERFEEXREMBREIYET ERRAGTEERIIER YR

Figure 4 T2DM rats after treatment with AR extract are closer to the normal control than the untreated
group. (A) The hierarchical cluster analysis of quantitative proteomic data for each group. (B) The principal
component analysis of quantitative proteomic data for each group. (C) The volcano map of DM group and
NC group. (D) The volcano map of AR group and NC group. (E) The volcano map of OM group and NC

group.
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Table 4 Differential proteins related to liver fatty
acid metabolism

No. Protein IDs Gene name DM/NC ratio AR/NC ratio

1 070490 acsm?2 1.67 0.82
2 Q6AYT9 acsm$ 1.95 1.06
3 055171 acot?2 1.52 1.15
4 P51647 aldhlal 1.96 1.34
5 Q4KMC4  gfpr2 2.46 0.96
6 Q62730 hsd17b2 1.61 0.98
7 Q01134 chka 1.79 1.00
8 D4A3V2  ndufa6 1.98 1.01
9 Q5XI195 adh6 2.43 1.22
10 P12369 prkar2b 0.57 0.90
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