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Abstract: Objective To study the extraction method, structure information, and antimicrobial activity of the protein and polypeptide

components from Chinese medicine bovine bone marrow (BBM) for improvement of its medicinal value. Methods Ten kinds of
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extraction and three kinds of preparation methods were used to take the protein content, extraction rate, degree of hydrolysis,
antimicrobial activity, and molecular weight as investigation index to screen optimal extraction ability and preparation parts of bovine
bone marrow protein (BBMP) and polypeptide. Results The comprehensive evaluation index of protein extracted in water, NaCl, and
Tris-HCI solutions was high, their contents were (52.20 + 0.58), (50.19 £ 0.21), and (43.21 £ 0.05) mg/mL, respectively. The
antimicrobial ability was related to protein content. The SDS-PAGE analysis showed that the proteins from BBM contained
approximately secondary subunits which related to protein and peptide with molecular weight in the range of 66 000 and 4 100—
10 000. The LC/MS data showed that the molecular weight of peptide extracted in water, 0.5 mol/L sodium chloride, and 30%
(NH,4),SOy, solutions were 1 027.84—9 916.32, 1 131.17—4 989.95, and 1 150.46—9 917.00, respectively, and the results were
basically consistent with 1-DE electrophoresis bands. Conclusion Water extraction method is simple, and fast with relatively low
cost, which is suitable for industrial production of BBMP. The SDS-PAGE and LC/MS method is adopted to analyze and provide a

theoretical basis for construction of BBMP fingerprint.
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Table 1 Comparison on 10 kinds of extraction methods

. , B HEE e B A5 /mm
i H ik P/ (mgg ) EHE/(mgmL™") PR/ %
CA EC
A 7K 17.1+0.2 52.20+0.58 68.43+0.06 8.07+0.06 9.1140.11
B 10% NaCl 12.4+0.1 28.4410.01 46.27+0.06 8.17+0.15 8.99+0.01
C 75%Z. B 33+0.1 13.64+0.01 13.174+0.15 — —
D 2% NaOH 22402 18.38+0.24 8.13+0.59 — —
E 2% KOH 4740.1 19.15+0.01 18.70+0.10 — —
F PBS 4540.1 16.35+0.12 18.03+0.06 8.12+0.16 —
G A HERK 9.7+0.2 39.274+0.25 38.734+0.12 9.10£0.01 9.04+0.05
H 5%UK 21 22.040.1 1.8140.02 88.1940.10 — —
I 50% Z.f 82403 19.54+0.02 32.734+0.01 — 8.10£0.10
J Tris-HCI1 20.1+0.1 4321+0.05 80.3740.06 9.12+0.11 9.06+0.05
]
—not detected
F2 TREISIEIBABRELER
Table 2 Comparison on preparation effect on different extract parts
5 H s RER(mgg")  BEE(mgmL™) BRI % FUEIE LA
CA EC
a TR 17.1+0.2 52.20+0.58 68.43+0.06 8.07+0.06 9.1140.11
R} 14.4+0.1 28.524+0.03 57.61+0.02 8.0740.08 —
b 0.5 mol-L™" 10.4+0.2 50.1940.21 41.57+0.11 9.12+0.03 9.13+0.05
2.5 mol L™ 6.9+0.2 46.26+0.08 27.56+0.06 8.05+0.15 —
5.0 mol-L™! 123+0.1 26.41+0.03 49.32+0.10 8.1140.10 9.15+0.03
c 30% 11.0+0.1 35.11£0.01 44.14+0.16 9.13+0.03 9.16+0.19
50% 13.1+0.5 52.35+0.08 52.4140.05 10.07£0.04 9.09+0.04
70% 6.2+0.1 41.71£0.01 24.80+0.02 8.10+0.12 10.13£0.08
— R RN

— no antimicrobial activity
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YEF: ARG BT B (38 43 i3k — 22 CM-650 [
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Table 3 Comparison on hydrolysis degree

TiH HBAL IKFREE/(U-mL™)
a (K R 40.12£0.03
AN 21.7340.02
b (FALED 0.5 mol'L™" 44.84+0.04
2.5 mol-L™ 34.6610.05
5.0 mol'L™ 23.5140.01
¢ (Tris-HCD) 30% 27.3340.02
50% 40.2240.03
70% 31.50+0.06

B ki, R Z AR, 2 IRE
B, RICR. PUEEHSERTRELZ K. NEA
FEMPUEIERR R, 25 &R S5EEH R
mTHED, XRPARRSEASE. Bk
BT, SR WK 4.
3.5 SDS-PAGE #3#f
XIANESEROT Tl 2% R F 4T | SDS-PAGE
I3 %R R AR 7 R A AE 4 100~
66 000, #F i il B A7 B fche iU AT & B 22 HE .
Tris-HC1 2 H + (NH,),SO4 UTIE 5 30%5 A1 7E 4 100
FEAFT 66 000 A HIERZ Ik & E gy, Bon—RH

x4 PAPHEFLEULRRILER

Table 4 Comparison on purification effects

H1 i Bl B A2 /mm
alith 5 5% EER/% EHEE/(mgmL™)
CA EC
DEAE-52 47.50£0.01 83.504+0.08 10.2010.09 11.10%0.11
CM-650 29.80+0.02 69.901+0.10 9.10%0.12 8.30+0.03

A LB M A RepE U A 2 K. R B 50% A1
T0% A B A RE A AR, nT LA I
IKIRFALAE 9 500~ 14 400, 66 000 Kb HI By, 4%
W, BaREHSES. 0.5 mol/L NaCl £
RILE 4 100~6 500 4 H L) 22 BR 1S A BE M, AR
9 500~ 14 400 4b. 66 000 4b H B2 ik 5 8 i,
Wt B 1B A7 2 il £ 2 KB RO %2 — - 2.5 mol/L
NaCl #BH2H7E 66 000 & HILE . 5 mol/L
NaCl #4715 A5 B8 7E 9 500~14 400 4k 66 000 4t
50% L BEFEEGE AL 117 S 7R 7E 9 500 AT 66 000 4b;
T5% L BER AL 5 50% L BERRALARL, (HiE o
LS. R b, S H A i S s
FMREEEARR, HEMRIUNEBRNEDS
7E 66 000 AbA 147, S54-1M7E A A X 7R
A 66 000) EHAHIT; 2 KEE AT R8T 4 100~
10 000 Ak, 75k — 2543 B Al Ak I e FAHXE 731 ot
&2, SRWE 2.

X EREEE 1 2 PR SRIUER 1 R LRI ) B AL
AR UM BT 31 8 12547 SDS-PAGE 74T,
15 tH % FE B AR 23 TR R A AE 4 100~
66 000. /K#E GEREMEE &, FEBHHEAMZ
B RS, K3 CARRED 2R A K&,
DEAE-52 &5 & R ME S ALTE 4 100~6 500 A H L2
ki . CM-650 456 R 2 ik 7E 6 500~
14 400 &b. 746, N T AR, NaOH #2505 4

66 000

45000
35000
27000

20000 M—
14400
9500

6500
4100 m——

M 1 2 3 4
MGG 8 FAHXS 70 TR B 1K SRR AL 2-70%BR BRI
VERBAL  3-50%MBR L UTVE ML 4-30% B ER ¥ L IE#E AL 5-0.5
mol-L™ NaCl #2HU{7  6-2.5 mol-L ™ NaCl #2HUERAE  7-5.0 mol-L™!
NaCl $EUEIL  8-50% L BHREUERSL  9-75% LEFHRHX A AL
M-protein marker, low range 66 000—4 100 1-water extract part 2—
4 were 70%, 50%, 30% (NH4),SO;, precipitation parts 5—7 were 0.5,
2.5,5.0 mol'L™! NaCl extract parts 8,9 were 50%, 75% ethanol extract
parts

2 BHhTERIMNER SDS-PAGE S [EE
Fig. 2 SDS-PAGE analysis for BBMP from various

extraction methods

2NERAL, Hod 2.5% NaOH $EEGHAL 17 R AE 66 000
A B, R B RS . 5% NaOH $2ECEEAL T
HEHEGEM, HO52Z S IAEM .. 5% R
B, RIEES KGR, i AN TS, U2 Fhos
3 AR B AR KSR T VR BT R 1) R A AR A R
H.#.— PBS $2 B A T 8 H 5 2 Iy [F] i H 3,
KB PBS L2 R 2 K B iRz —, 3
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AFRER KA PBS FREUJG 45056 T A M S R R
b, AEfH. B2, KR GRERE) 72
SREA 45 S T AR, DEAE-52 1 CM-650 AESH
S A3 B K BB RIS, mTVE N 2
etk ik —, SRILAE 3.
3.6 3 MR IO ZALAY LC/MS BlE ST

Z RIS FE A AR B TR, H g
PR, WG, KIRERAL (ED ThEBLAEH 25
FhZ KB, MR T REAE 1027.84~9 916.328Y,
] B0 K OR+9, X AR 7 T BN 4 947.51,
] B /N A3, X AR 2 TR N 2 757.38
0.5 mol/L NaCl #ill % & 0r L5 33 Fh% IKEL,
o B ER 2, A7 87%, FHX T IRELE
1131.17~4989.95, 5 HLIKE P &R Ry LA )
&, Hrb e R KN+, KRR T R RN
4 989.95, HLMIEUR/N A2, KR ANX AT REA
2 270.62. 30%fi B JUIE B FIEL F A 30 £
FEBY, MIXTr FREAE 1150.46~9 917.00, 5 HLIK
W AW & o Hr R R KON+T, X RS 43
TIREA 7444.87, BATEUER/DNA 4, XA 7+
JREN 334523, 4F L, AKEEIAL AR BUR R (+9),
0.5 mol/L NaCl #BAz s Hifif 2 Ik B B i i 2 (87%),
30% i 9% 2 T IE FB AL 22 AR X 435 o3 &9 Rl
(1150.46~9917.00), 4R WK 4 K% S,
66 000 r—-J-F
45000 -..._r_.m-. :_' i n—.-

— bl b

35000 s ; r
27 000 | W bl -

t ] e

20000 K" ——

R "
14 400 . Y 1
9500 H s _
6500 W= Lae. —- H
4100 j -

M 6 7 8

1 2 M 3 4 5 9

M-S & A A 7 TR A 1-K3REE ORED  2-KiR
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Table S Comparison on polypeptide segment information from BBM 3 extract parts

PR HAUE 8] /min FHXS 4 F R (HHLfA)

KEEHAL 5.471 1 138.72 (+5), 1 215.60 (+3), 4 947.51 (+9), 4 974.02 (+7), 4 972.02 (+5), 2 073.27
5.930 4 598.11 (+8), 4 593.42 (+7), 4 596.64 (+6), 2 757.38 (+3)
5.187~5.634 6 589.66,7 487.97,7 787.89, 9 916.32
8.916 1044.76, 114522, 1 272.05, 1 422.01
9.491 1138.83,1035.77, 1 139.23
10.476 7 599.06
10.742 1027.84,1116.46,1 152.27

0.5mol' L™ 5.343
NaCl & 6.049

4989.95 (+7), 4 988.97 (+6)

1 863.78 (+4), 1 533.28 (+3), 1 862.76 (+3), 1 977.13 (+4), 2 848.04 (+5), 2 846.99 (4)

HGRAL  6.941 2 815.02 (+6), 2 814.00 (+5), 2 813.00 (+4)
7.101 3266.62 (+6), 3 265.58 (+5), 3 263.55 (+4)
8.037 3 412.81 (+6), 3 412.80 (+5), 3 411.761 (+4)
9.006 1130.17
9.540 3 481.97 (+6), 3 481.95 (+5), 1 153.61, 2 460.71 (+2), 1 677.39
9.754 3796.45 (+6), 3 795.44 (+5), 3 794.41 (+4), 4 098.32 (+4)
9.889 1989.41 (+4), 3 976.76 (+7), 3 975.75 (+6), 3 974.74 (+5), 2 270.62 (+2), 2 867.24

30%MRE 6.875
VIVERRAL 9.676
10.090

2 185.55 (+5), 2 034.32, 2 162.39
3795.90 (+6), 3 794.85 (+5), 1 222.837 6, 1 348.682 8
3 628.58 (+5), 3 345.23 (+4), 7 447.87 (+7), 1 150.46, 1 222.72, 1 274.89, 6 798.28 (+5), 1 455.18,

1 938.04,2 391.84,2 537.61, 2 700.01, 2 908.63
10.131~10.246 5319.18, 5 739.15, 6 250.25, 6 810.94, 7 331.92, 8 125.69, 8 559.38, 9 365.41,9 629.16,9 917.00
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