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[Abstract] Objective To analyze and identify the chemical components in the Nocardia rubra cell wall skeleton (Nr-
CWS), and to determine the contents of monosaccharides accurately. Methods The extract of Nr-CWS was separated and
analyzed by UHPLC-Q-TOF/MS method. The chemical components were quickly identified by matching the data with the
information in the Metlin database. The monosaccharide contents in the Nr-CWS extract were determined by UHPLC-MS/MS
method after derivatization. Results A total of 64 chemical components were identified in the extract of Nr-CWS, including amino
acids, monosaccharides and so on. A assay method for 8 monosaccharides by UHPLC-MS/MS was successfully established. The
content of arabinose in Nr-CWS was the highest, followed by galactose, which indicated that the main polysaccharide components
in Nr-CWS may be composed of these monosaccharides. Conclusion In this study, we analyzed the main chemical components of
Nr-CWS, which are amino acids, fatty acids and so on. The content of monosaccharide after polysaccharide hydrolysis was
determined by UHPLC-MS/MS. This will lay a foundation for the screening of the active components of Nr-CWS and the study of
its pharmacological mechanism.
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JfRE S A~ 20 R B B, b ) B A3 A2 A, ELAR IR
Foft 1843 S A L 1) 2 BRAE FHIB AN TE 2, 3 K 5
M) SEC I R A R i 452 2 A FAIL A A 9 o AR
i 5% #815% Hl UHPLC-Q-TOF/MS 43 M1 7 1 1 SE %f
Nr-CWS £ B Ak 2% B oy iE 47 53 85 50 A, 45 531
FErp B A2 1y 5 6 L i 2208 B 53 64T K A
SR Je Xt K it I ) BRI A T A AR A AR B, 5 oAt )
By EaAH o, UHPLC-MS/MS EUA 3R B e tte-®),
FER R L LR R nT DA o ) R R
WERY & i BT AASHESE R AT UHPLC-MS/MS J7
Xof FRUBEATT A Ak ™ B R AT R S A I A L X S
HITT J& Nr-CW'S 3 P il 43 i 18 K 245 LR AL 1 11
5 B4 S Al

1

1.1 FIAE

ZHE(R-1290 Infinity = S0HAH (38 2 58 W
% B IR (CLEEE, Palo Alto, CA, USA) HRERZAHEIE
6538 U G FT -5 43 BE € AT B B] 5T 3% ( UHPLC-Q-
TOF/MS) , %2 $48-1290 Infinity /&5 %50 AH {43 £
45 -H1 555 B YR (44848, Palo Alto, CA, USA) &
Wk % 5 12 6460 — FE U % T it i ( UHPLC-
MS/MS), AMIDE &4+ (3.0 mmx 100 mm, 3.5 pm,
Waters, USA ), Waters Xbridge C,g {454 (2.1 mmx
100 mm, 1.7 pm), Milli-Q50 SP 47K il % 2 5t %
(Millipore Corporation, MA, USA ), B #4846 ( I
MHERHMUES A B A A, DHG-9145A7) .
1.2 H#5A

Nr-CWS $EBUY) (L 7 4% H R A W RHE A R
] R T A HREL) ; Sephadex G-100([E 2548
AL 2ER A RS | ) s D-H 888 . D-Bob . L-F2
Wi D0 D-EEE . D-AKWE . D-FFUHE . D-BT
PLAABE (S E>98%, E 25 B2 A R A FD;
LR (TFA), 1-2K5E-3-FF - 5-niy bk ( PMP,
] 24 4 A {24300 A FRZA 7] ) s HPLC (835 25 H it |
NG (BR 78/ 7], Darmstadt, Germany ) ; Z 5, H iR
(Fluka /A ®], Buchs, Switzerland) .

2 FESER

2.1 Nr-CWS $ B AL s o547 5 %71

2.1.1 UHPLC-Q-TOF/MS .45 %5 i 444
UHPLC-Q-TOF/MS 43 #7 #£ 4 $# 1& 1290

Infinity A (33 28 48 A 2EEEAR 6538 DUBLAT-1 >

AT ] R B B (Agilent, USA) AT, &

P4 B AE Amide @35 4F F 47 (3.0 mmx100 mm,

3.5 um, Waters, USA), i 40 °C, 1iishtH A 2 0.1 %
FR/K ST, T shAl B N CHEH W, Tt 0.4 ml/min,
Uit I A SR AR B VR, BRI 254 R 2 0~1 min, 5 %
A; 1~5 min, 5 %~20 % A; 5~20 min, 20%~45 % A;
20~30 min, 45 % A, HEFEEN 5 ul, A ShE g R
PRERTE 25 'Co HIMEZE B FUR(ESD R HIE ., g T
BiAY . Q-TOF/MS il 24~ : B4 R, IE
BT 4 kv, fEFET 3.5 kv TR
11 L/ming SRR 350 C; 5L 48 6 H
45 psig; i A HLJE 120 eV; Skimmer HLJE 60 eV, Jii
T 1 R £E 968 B m/z 50~1100, 43 H7 filf 4 fig & 10~
40 eV,
2.1.2 Nr-CWS HEHUIAE S il 2%

I Nr-CWS 2B T 1 ml 4K, 78501
JHE V5 it ) il B Nr-CW'S $2 U B3, B 100 pl F
1.5 ml EP &, LA 3 f5 i 09 S Bt A7 8 FTTE o
SRJ5 4 °C F 13 000 r/min B> 15 min, WL 200 pl
LEW, TR AT UHPLC-Q-TOF/MS 4347 -
2.1.3  Nr-CWS $2HU b2 s o3 10 34 5 4001

%l UHPLC-Q-TOF/MS 43 ¥ J57 %} Nr-CWS
PEHCHIRE S A TR b 43 15 5 AT, SRR IE
TE TR BB T, S5 Metlin 2085 %
HR (5 S ELX 28, AT X Ne-CWS #2504k
2N TR T S ), 2SR 1 R 1 PR
2.2 Nr-CWS 3234 7 245w 409 &2 M 2
221 HUOBERRIEA A T A

HERRFREL D-H #20E . D-1H . L-FR 20 D-
Wi D-A %M D-AHE . D-2EFLBE . D-FTRiAA 4%
10 mg, 73518 10 ml 2580, S M/KES, HFE 1 mg/ml
VR T 25 BB RS M SR . A RS 9 TR R B
PRt SR, TR A e N 28K AR B, il AL 100 pg/ml
() ERHR B AR VA
2.2.2 AR Al A 1

K % B B 12K 3 -3-FF 3 -5k g ik il (PMIP)
1.0 g, & 10 ml fiff b, Jn HY B g 0T e 45, #25),
il 75 0.5 mol/L 1) PMP HI S .
223 HURETAEALETAR AT

2 B SR A PR SRR 100 pl 2 ml
EP &, B0 100 pl 27K, LA 100 pl 0.5 mol/L
f) PMP FIESI W, IR E 30~45 s, T~ 70 “C HEFE
A 30 min, BUB R ZE R A 100 pl 42, i
JHE 30 s AN, JINEE ZE K E 1 ml, BN 500 pl &4,
WaliE 30 s, 1R, 755 M2, B4 3 Ik, 12 000 r/min
B0 10 min, K24 0.22 pm AL IEREE T, BUK
JEW T T UHPLC-MS/MS 4347, W3 2.
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. 1 2 3 4 5 6 7 8 9 lb 1.1 1.2 1.3 1.4 1.5 1.6 1.7 1.8 1.9 2.0 2.1 2.2 2.3 2.4 2.5
FifA] (¢/min)
811,12
4
j 30 335, 40414549 5354 5¢
. 1 2 3 4 5 6 7 8 9 1.0 1.1 1.2 1.3 1.4 1.5 1.6 1.7 1.8 1.9 2.0 2.1 2.2 2.3 2.4 2.5
HF 1] (¢/min)
1 Nr-CWS £ 4357t UHPLC-Q-TOF/MS [Eli%
A FRE; B, IE B 7R
F1 Nr-CWS H{LE 454 UHPLC-Q-TOF/MS HiEiER
P EW AR [M+X] IR mlz B8 15 ] (#/miin)

1 2-(S-glutathionyl)acetyl glutathione M-H CyH34NgO13S, 654.162 5 0.91
2 2-(S-glutathionyl)acetyl glutathione M+H CypH34NgO45S, 654.668 0 0.91
3 estradiol-17alpha 3-D-glucuronoside M-H C,4H3,04 448.209 7 1.12
4 tyrosine M+H CoH1NO; 181.190 0 1.13
5 cer(d18 : 0/23 : 0) M+H C4 HgsNO;4 637.637 3 1.30
6 palmitic acid M-H C6H3,0, 256.424 1 1.31
7 stearic acid M-H Ci3H360, 2842715 1.31
8 L-threonine M+H C4HgNO; 119.120 0 1.33
9 D-xylose M-H CsH,(Os 150.130 0 1.34
10 N-acetyl-D-glucosamine M-H CgH sNOg 221.2100 1.39
11 meso-2,6-diaminopimelic acid M+H C;H 4N,Oy4 190.197 1 1.39
12 leinoleic acid M+H CgH3,0, 280.445 5 1.41
13 choline M+H CsH;sNO 104.170 8 1.56
14 L-rhamnose monohydrate M-H CgH ;5,05 164.160 0 1.64
15 docosapentaenoic acid M-H Cy,H340, 330.2559 1.67
16 proline M-H CsHgNO, 115.1300 1.93
17 fructose 1,6-bisphosphate M+H CgH40.,P, 339.996 0 2.22
18 glucose 6-phosphate M+H CsH304P 260.135 8 2.28
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i Y2 TR [M+X] SR miz P &R 1] (#/min)
19 fucose M-H C¢H /5,05 164.150 0 2.34
20 L-proline M-H CsHyNO, 115.063 3 2.34
21 PG(18 : 0/20 : 3(8Z,11Z,14Z)) M-H Cy4Hg,010P 800.556 7 5.96
22 tetracosanoic acid M-H Cy4Hyg0, 368.636 7 7.07
23 orotidylic acid M-H CoH3N,O,,P 368.190 8 7.65
24 sphinganine M+H Ci3H3oNO, 301.507 8 7.72
25 valine M-H CsH;NO, 117.150 0 7.74
26 cervonoyl ethanolamide M-H Cy4H3605 372.540 8 7.94
27 phytosphingosine M+H CigH3oNO; 317.507 2 7.94
28 tryptophan M+H Cy1H,N,0, 204.230 0 7.97
29 trihexosylceramide (d18 : 1/12 : 0) M-H Cy4gHgoNO 5 967.608 0 8.10
30 histidine M+H C¢HoN;0, 155.160 0 8.45
31 L-asparagine M-H C4HgN,O5 132.1200 9.65
32 galactinol dihydrate M-H CpHyO13 378.3270 9.66
33 3-hydroxydodecanoyl carnitine M+H C9H3,NOs 359.500 8 9.70
34 L-cysteine M+H C3;H;NO,S 121.1200 9.84
35 cysteinyl-threonine M-H C;H14,N,O,4S 222.067 4 9.98
36 D-mannose M-H CsH 1,06 180.160 0 10.10
37 MG (0 : 0/24 : 1(152)/0 : 0) M-H C,,H5,0, 440.386 6 10.11
38 4-(methylnitrosamino)-1-(3-pyridyl)-1-butanol glucuronide M-H C,6H23N304 385.369 1 11.32
39 D-glucose M-H CsH 1,06 180.160 0 11.34
40 desmosine M+H Cy4Hy4oN5O4 526.603 1 11.38
41 L-methionine M+H CsH;,0,NS 149.2100 11.59
42 glycogen M-H Cy4H405; 666.577 7 11.90
43 levan M-H CigH3,046 504.437 1 11.90
44 D-galactose M-H C¢H,,04 180.160 0 11.92
45 L-beta-aspartyl-L-aspartic acid M+H CgH,N,0, 248.190 1 12.00
46 muramic acid M-H CoH7NO, 251.233 8 12.16
47 1-pyrroline-2-carboxylic acid M-H CsH,NO, 113.114 6 12.25
48 ADP-glucose M-H Ci6H,5N50,5P, 589.3417 12.25
49 DG(42 : 10) M+H Cy5HggO5 688.506 7 12.27
50 isoleucine M-H C¢H3NO, 131.170 0 12.55
51 leucine M-H CsH3NO, 131.170 0 12.79
52 PGP(16 : 1(92)/18 : 0) M-H CyoH7303P, 828.491 8 12.99
53 PGP(16 : 0/20 : 4) M+H C4H76015P, 850.992 6 13.01
54 TG(62 : 6) M-H CesH,140¢ 990.861 5 13.60
55 ganglioside GM3 (d18 : 1/16 : 0) M-H Cs7H04N,0,, 1152.713 2 14.15
56 valyl-methionine M+H CoHoN,O5S 248.342 0 14.18
57 DG(18 : 2n6/0 : 0/22 : 6n3) M-H Cy44H7005 678.522 3 15.27
58 PS(16 : 0/18 : 2) M-H CyoH74NO (P 759.990 0 15.90
59 PGP(18 : 1/22 : 6) M-H Cy46H73015P, 900.491 8 16.62
60 CDP-DG(16 : 0/18 : 0) M-H Cy46HgsN30, 5P, 981.545 6 17.41
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Feis EHHTR M+x] TR mlz LR 8] (#/min)
61  TG(22 : 6(4Z,7Z,10Z,13Z,16Z,19Z)/24 : 022 : 6(4Z,7Z,10Z,13Z,16Z,192))  M-H  CyH;1406 1062.861 5 18.28
62 TG(24 : 0/24 : 0/24 : 0) M-H  CysHyO¢  1143.1119 19.25
63 serine M-H  C3H,NO;  105.090 0 27.23
64 alanine M-H  C3H,NO,  89.090 0 27.28
%2 UHPLC-MS/MS 27 E B Rig & 14
e e REEEG/min) A BRESTRE S AEYS TR BET FHT A L (eV)
1 D-H & Hk 2.012 CeH 204 180.1 512.1 511.1 175.0,217.1 34
2 D15k 2216 CsH 405 150.1 482.1 481.1 175.0,217.1 31
3 L-FRZE0E 2423 CeH,40¢ 164.1 496.1 495.1 175.0,217.1 31
4 D-LHk 2.504 CeH 204 180.1 512.1 511.1 175.0,217.1 34
5 D% H 3.725 CeH,,04 180.1 512.1 511.1 175.0,217.1 34
6 D- AW 3.917 CsH,405 150.1 482.1 481.1 175.0,217.1 31
7 D-F:FL4k 3.918 CeH;,04 180.1 512.1 511.1 175.0,217.1 34
8 D-BIRAfbE 4.086 CsH,40s5 150.1 482.1 481.1 175.0,217.1 31

224 FUBETAE M UHPLC-MS/MS 434 564

UHPLC-MS/MS 43#7r R HZHEAE 1290 Infinity
TAH (i 22 5 M HEAE 6460 = T DUMFT 88 156 Joi i
1 (Agilent, USA). & i 53 25 7€ Waters Xbridge
Cyg (0354 (2.1 mmx100 mm, 1.7 pm), #: & 40 C,
WA A Sk 20 mmol/L Y £ PR B /K 55 i (= /K I
pH 8.0), Wi shiAH B S LNEWWL, it 0.4 ml/min, Jit
Bl AH R R B BE UE B, BE ML &5 4F R : 0~2 min,
15%~20% B; 2~4 min, 20%~25% B; 4~5 min,
25%~95 % B, 5~6 min, 15 % B, k£ 20 E] 5 min,
FEJG A ] 1 ming #EFESRSH 2 pl, A ShiEAEAR
EEREE 25 Co = EUGAT RSN B
B FUR (ESD SR B 7, 290 0 4 255 7 W
P BN R 3.5 kV; THRZRFLHE 11 L/min; <,
IR 350 °C; 54k ) 40 psig; #E R HLE 80 eV
Skimmer HLJE 60 eV,
2.2.5 Nr-CWS $EHU) i Z2 4 1) 7K i

FEEH Nr-CW'S $ECATRE 1 ml, fITA 2 mol/L
f) TFA 2.0 ml, BLA 110 °C iy E2s THEA v, BRbE
ZUEFKfR 6 BHIZEER, 4 C AU TFTELT
M, R RO TR, INE 2K 1 ml Z¥%, H AT
fRAb B
2.2.6  Nr-CWS $2 54y v SO il o0 435 AR AR A i 1
#1431 UHPLC-MS/MS Fi4 & 1 5

i 25 WL Nr-CW'S 25U i /K ff W 100 pl, $22
RIS BUEAT A= A I A TR A 3L, A %% T BT
Ab PR B FE G R 2 Wl 1 UHPLC-MS/MS 4317,
1A e AT Ne-CWS B 5 177 4 40 5 19 UHPLC-

MS/MS A& UL E 2,
2.2.7 OB AOBRIE S A E PR AR

i 25 I BRI 5 B S VAR, HE RIS R AT
AT A TR AR PR , K 2 R BT A B R b
VW 2 wl ] UHPLC-MS/MS 43 #F, DL A& B i
TR R R B A T TRT U A, 3R [l U )y
FUAHC R, BT RS, R A5 L S/N=10 F
3, A B BRI PR, &5 2R WL 3.
2.2.8 tHEEIRE

B2 K i FATT A AR SN I 1) SRR B b e
W, Fi BRI UHPLC-MS/MS Z3 i 5 S5 4, 144
HERE 6 YR, THA A E 25 5419 RSD o0 3.13%, 4554
T2 ARG B B R AT, A7 6 0Bl e iy 2EK .
2.2.9  HURTAEARRE SRR E M

Nr-CWS $2 U 75 W 28 7K St AT A AL R
IR RCE, 439 F 0, 5. 15, 30, 60, 120 min 3
¥, #£4F UHPLC-MS/MS 431, Ml 2 Hofk B, i
i PR E TR R AT O, 45 R 6 W SE 45 R Y
RSD K 7.63%, R AKE T AE 2 h NERE M R 47, £F
BTN P ER
2210 BRI

] —HERE , EEME 6 Uk, THA I E 45
J RSD 4y 4.67%, RIIZITIEMEE R, 76

AT AE A ELR
2211 [EICRELE

e 5 W BT 0 S 1Y Nr-CWS H2 Bu i A 42
VT 554 1) SRR AR SR T, 227K R AT A Ak
NI, 4T UHPLC-MS/MS 4347, T34 7 247 ] )i



el 2020429 H 25 HEE 38 55 5 1)

428 Journal of Pharmaceutical Practice, Vol. 38, No. 5, September 25, 2020
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8
4 6
6’78
2
5 A_r
LL NS L i
05 10 15 20 25 30 35 40 45 50 05 1.0 1.5 20 25 30 35 40 45 5.0
C i [E] (#/min) D A 1] (¢#/min)
4
3
1 5 7
05 1.0 1.5 2 250 30 35 40 45 5.0 05 1.0 15 20 25 30 35 40 45 5.0
if ] (¢/min) if ] (¢/min)

2 BPELTHEYIA UHPLC-MS/MS &L
A8 BT AE ALY UHPLC-MS/MS — 2% B [#l; B. UHPLC-MS/MS — 2 BTl &l (m/z 481.1—-175.0, 217.1);
C. UHPLC-MS/MS —#4JF %K (m/z 495.1 —175.0,217.1); D. UHPLC-MS/MS —ZJFi% & (m/z 511.1—-175.0, 217.1)
1. D-H 520, 2.D- 18, 3.L- RZEHH; 4.D-50; 5.D-F%505; 6.D-ANH; 7.D0-2FFLAH; 8.D-BT R

R3 BEITEYRIEERLZ K E S IRFENIR

75 &Y ml )= r WS LRl (ug/ml) R (ng/ml) KR (ng/ml)
1 D-H &% Y=3832X-924 0.996 0.05~10 20 5
2 D-¥Hk Y=656.8X—109.5 0.994 0.10~20 50 20
3 L-FRZENE Y=10253 X - 386.4 0.992 0.50~100 20 5
4 D-AHE Y=902.3 X—133.1 0.994 0.10~20 100 50
5 D-H A HE Y=28753X-3429 0.993 0.50~100 100 50
6 D-AHE Y=2391.1X-1004.6 0.995 0.05~10 50 20
7 D->F3 % Y=3482.4 X—1093.5 0.998 1.00~200 100 50
8 D-BaTRiff1 4 Y=5436.8 X—2102.3 0.992 5.00~1000 50 20

N 86.93%, RSD N 9.15%, £/ Hril & 1k . R4, 4% B AT UHPLC-MS/MS 45 #7451
22,12 HUBHES R E ST AAR S BORE S AT 43 B 4 AT, I g HL v PR A
H5 %W Nr-CWS $E U 6 1y, 287K Trim, GERULER 4, T LLE 8 B Al 4 # RE Bk

4 Nr-CWSIREW (1~6) h s MBEWEHE IS ENELER

) R RS (ng/ml)
I s
D-H &k D-1% 1% D-FZEHE D-Jeik D-H %0k D-AKWk D-2F-3Lk oM CIERIEY
1 0.9 53 122 18.9 55.1 20.9 320.8 456.1
2 2.1 4.6 214 12.4 483 19.2 205.6 504.8
3 3.2 35 30.5 9.8 61.9 23.1 223.0 3273
4 55 6.6 19.8 15.4 45.8 27.8 305.4 462.8
5 1.5 4.9 23.4 14.7 39.1 12.1 311.7 489.1
6 4.7 7.6 25.1 225 52.7 272 289.2 510.8

FHIE 3.0 5.4 22.1 15.6 50.5 21.7 276.0 458.5
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K, A TR RN 2 LB G A
3 i

Nr-CWS $EHUY 4k 2% 553 1 43 B 401, >R
UHPLC-Q-TOF/MS 43#H7 777 %} Nr-CWS 2 U
i VA YRR A T R o 2 A AT UL R IE L ST
BT Y SV E TR A, a5 Metlin £5cdi 22 h AR5
Y5 B b Fe oA, JEE 5 Nr-CWSS $2 5
64 b2y, s 2R . IR R L R
W HOBERR | RS K S By, DI Nr-CW'S 2 5
THARZ WA= Y, HLAE IR | g R
BEIE RS R ., X B 2 Ne-CW'S S 3 & 15
YR £ B850

HF Nr-CWS #2553 4%, KA UHPLC-
Q-TOF/MS J7 vk BB HEA T 0T, AL REAG I
FIA B ARE L SY, WIACHE . -FLVE . PSS, ViR
Nr-CWS $HUY) h =254 Z 0005, LKt
b J 720 5% B UHPLC-MS/MS J i gk 47 #6900,
8 ™ BAMEARREBILAG I 21, L BAThir A7 A A UM G 5
Ty, UL Nre-CWS H (1) 2245 32 2 i BTy A
P FUELL A, SO Ry itE— 20 B 28 L o AT 4 ) 25
FEFER

Xof SRR HEA T A3 BTN T A AR £, FRATT3E
A AT AR AR AT A AR T 2% ARSI B A B, &
AT A AR, HaE i B AARG  FR T AR, )
YT /D, My s aa g SR B, RS 2 . E
P BB PERIIBCRIFF G /Bl 2K .

4 g

A W 9% % Fl UHPLC-Q-TOE/MS J7 ¥ X} Nr-
CWS $2 ) b b 22 i o R A7 1 PRl 43 25 5 43
Br, 55 Metlin £ 1053 B0 2 L xt, S50
H Nr-CWS 25U 64 b2l oy, EEATER
FEIR . WEE . BRI IR S5 LS5 % Nr-CWS 42 ey
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