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[ Abstract ] Objective: To quantitatively analyze the changes of Staphylococcus aureus in different
processed products of Angelicae Sinensis Radix. Method: The real-time fluorescence quantitative polymerase
chain reaction method (Real-time PCR) was established to quantitatively analyze S. aureus in Angelicae Sinensis
Radix decoction pieces which bought from different producing areas, different enterprises and different storage

time. The fluorescence quantitative reaction system was SYBR Premix Ex Tag Il of 10 pL, each of forward
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primer and reverse primer (10 pwmol-L") of 0.8 wL, template/genome DNA of 1 wL, double distilled water of
7.4 pL. The reaction conditions of the fluorescence quantitative amplification curve were pre-denaturing for 30 s
at 94 °C, denaturing for 10 s at 94 °C, annealing for 12 s at 60 °C, extensing for 30 s at 72 °C, cycling 45
times, single-point detection signal at 72 °C. The melting curve was made from 72 °C, and the step temperature
of 0.5 °C was kept for 15 s to collect fluorescence. According to the results of Real-time PCR, representative
samples were selected from Angelicae Sinensis Radix decoction pieces for comparison between plate counting
method and Real-time PCR. Result: The content of S. aureus in different processed products was sorted by rank
of raw Angelicae Sinensis Radix>soil-fried Angelicae Sinensis Radix>wine-processed Angelicae Sinensis Radix.
The content of S. aureus was the lowest in the samples from Weiyuan area of Gansu province by comparing with
other producing areas. Compared with the retail enterprises, the content of S. aureus in raw products and wine-
processed products from production and sale enterprises was lower. Different storage time had certain effect on
the content of S. aureus in raw products and wine-processed products, and the content of S. aureus increased with
the increase of storage time. The detection results of plate counting method were 3-4 orders of magnitude lower
than that of Real-time PCR. Conclusion: The established Real-time PCR is superior to plate counting method in
specificity, sensitivity, reliability and reporting period, which can provide an effective method for rapid and
accurate quantitative detection of S. aureus in different processed products of Angelicae Sinensis Radix.

[Key words] Angelicae Sinensis Radix decoction pieces; processed products; Staphylococcus aureus;

real-time fluorescence quantitative polymerase chain reaction method (Real-time PCR) ; pathogenic bacteria;

specific primers; plate counting method
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Table 1 Sample information of 76 batches of Angelicae Sinensis Radix decoction pieces
FE i Ht5 adi A 7 i ) FE i it M A P )
S1 M-1-1 HlRIKS 2018-03-09 14 M-1-4 Hl RIS 2018-03-09
S2 M-1-2 HRRIKS 2018-03-09 15 M-2-1 HlRIKS 2018-03-09
S3 M-1-3 Hl RIS 2018-03-09 16 M-2-2 il RIKS 2018-03-09
S4 M-1-4 HlRIKS 2018-03-09 17 M-2-3 HRRIKS 2018-03-09
S5 M-2-1 HilkRIKS 2018-03-09 8 M-2-4 HlARIKS 2018-03-20
S6 M-2-2 HilkRIKS 2018-03-09 19 M-3-1 H R £ 2018-03-20
S7 M-2-3 Hl RIS 2018-03-09 110 M-3-2 Hf R £ 2018-03-20
S8 M-2-4 Bl RIK S 2018-03-20 J11 M-3-3 HR R £ 2018-03-20
S9 M-3-1 H iR £ 2018-03-20 J12 M-3-4 Hf R £ 2018-03-20
S10 M-3-2 Hf R £ 2018-03-20 113 M-3-5 Hofr g & 2018-03-20
S11 M-3-3 Hof g B 2018-03-20 114 W-1-1 AR 2018-03-08
S12 M-3-4 Hof g B 2018-03-20 J15 W-1-2 HAE R 2018-03-08
S13 M-3-5 Hfr R £ 2018-03-20 116 W-1-3 AR 2018-03-08
S14 W-1-1 HA T IR 2018-03-08 J17 W-1-4 HAE R 2018-03-08
S15 W-1-2 HA IR 2018-03-08 J18 1602017 o 2016-02-17
S16 W-1-3 HAE IR 2018-03-08 J19 1609054 HA 2016-09-23
S17 W-1-4 ERZRRS 2018-03-08 120 DBBI61 Nz 2017-12-16
S18 1705052 R 2017-05-17 121 20170813 H 7 2017-08-13
S19 1705054 B0 2017-05-16 122 171101 H 2017-11-21
S20 1709099 Hor 2017-09-21 123 1610260282 ENzil 2016-10-26
S21 1708021 Hfr 2017-08-20 124 20161103 ot 2016-11-03
S22 C1605016 Holr 2016-05-16 Tl M-1-1 HR Rk S 2018-03-09
S23 1705108 HoA 2017-05-11 T2 M-1-2 HMRIKS 2018-03-09
S24 1705109 How 2017-05-31 T3 M-1-3 HlARIKS 2018-03-09
S25 171002161 TR 2017-10-12 T4 M-1-4 RIS 2018-03-09
S26 DC5061 HoAr 2017-05-06 T5 M-2-1 HlARIKS 2018-03-09
S27 2017081702 HoM 2017-08-17 T6 M-2-2 HlARIKS 2018-03-09
S28 171201 HoM 2017-12-11 T7 M-2-3 HlRIKS 2018-03-09
S29 1706200191 HM 2017-06-20 T8 M-2-4 HiRIKZ 2018-03-20
S30 1804002 M 2018-04-01 T9 M-3-1 Hf g & 2018-03-20
S31 18010261 HM 2018-01-20 T10 M-3-2 HoA IR 2 2018-03-20
S32 20171202 HM 2017-12-29 Til M-3-3 HA IR 2 2018-03-20
S33 20180101 HoM 2018-01-20 T12 M-3-4 HA IR 2 2018-03-20
S34 20171002 H 2017-10-26 T13 M-3-5 IR B 2018-03-20
S35 161201 Hl 2016-12-14 T14 W-1-1 R 2018-03-08
11 M-1-1 kRS 2018-03-09 T15 W-1-2 HAE R 2018-03-08
12 M-1-2 H RS 2018-03-09 T16 W-1-3 AR 2018-03-08
13 M-1-3 HN Rk S 2018-03-09 T17 W-1-4 HAE A 2018-03-08

NP AT HOER, A B A BRI I R BOv A S 3.3 4 (4 Bk Real-time PCRAYE S, U4

AL T A A [ R v B — B, 1 T I A E L A

H 8y 5k
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Fig. 1 PCR amplification of Staphylococcus aureus
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Fig. 2 Identification of recombinant plasmids by restriction

enzyme digestion
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{0 A BR TR 16S tDNA JE [R5 H o S e X4 09 v 42 3%
A REEH . SR AYHESS T AR
1Y 16S tDNA KK i Bt . 1 rrnDB (https: //rrndb.
umms.med.umich.edu/) Z I 2 7] 1 4 B (7 55 % BR H
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Fig. 3 Amplification curve of Real-time PCR for Staphylococcus

aureus
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Fig. 4 Melting curve of Real-time PCR for Staphylococcus aureus
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rh G € 2 3K TR S R AT 5 BT, e B R )
T B v 4 0 A Bk R B B AR R IR

3.5 & w A ER R0 CE O 0L SR TR
BAE 15~150 cfu AY-F B, 31507 A L H 30 A S 750
I SBE (14 4 B €0 ) 2 3K TR TRV L i €0 R 2 PR e i A
LR R Y SRR N U E D R E N S RC ARk 3 1]
JeM LR BV AR 2 mm. G5 RRIERER
10 MFEZA (S8,S10,S21,827,832,714,117,323, T3,
T12) 4 Re Rt 4 v €5 4 2 BR A, () B, O
% K 500,100,3 000,400,200,150,1 000,5,100,

500 cfu-g',
4 itit

4.1 Real-time PCR#E# A& MM HEGTX 251k

A A A BRI S R D AR 22 iR

T U AN [ ] e 4 69, % %5 3K A Real-time

PCRAG A Z . 1T 16S rDNA 2 41 1# 1Y & & R <7
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x2 THMEAKRTFEERHARENEE
Table 2 Content of Staphylococcus aureus in 76 batches of

Angelicae Sinensis Radix decoction pieces by Real-time PCR /g

B & e & WA e oy ki)
n A Ao s e AL AR s e AL
BRTA & i BRIA 5 it BREA &
S1 8.43x10° S27 3.16x10° 718 1.97x106
S2 1.09%10° S28 2.79%10° 119 2.08x10°
S3 1.09%10° S29 2.92x10° 120 1.44x106
S4 1.97x10° S30 1.90x10° 121 1.43%x10°
S5 8.02x10° S31 3.07x10° 122 9.50%10°
S6 1.18%10° S32 1.70x10° 123 2.04x10°
S7 1.89%10° S33 1.67x10° 124 1.24x106
S8 2.13x106 S34 2.27x106 Tl 1.20x10°
S9 9.07x10° S35 1.28%10° T2 8.11x10°
S10 1.05%106 J1 1.47x10° T3 1.29x10°
S11 1.30%106 12 4.66%10° T4 7.14%10°
S12 1.73x106 13 1.43%x10° TS 1.41x10°
S13 6.45%10° 14 3.84x10° T6 1.29%x106
S14 9.27x10° I5 4.43%10° T7 2.59%10°
S15 6.62x10° J6 8.74x10° T8 1.19%x106
S16 8.31x10° 17 1.09%x10° T9 9.57x10°
S17 8.41x10° 18 1.02x10° T10 1.24x106
S18 2.51x10° 19 5.14x10° T11 9.54x10°
S19 2.43%10° J10 7.32%10° T12 1.57x106
S20 2.50%x10° J11 4.51x10° T13 6.08%10°
S21 2.35%10° 112 1.18x10° T14 6.89%10°
S22 2.35%10° 113 1.10x10° T15 8.56x10°
S23 1.43%10° J14 3.30%10° T16 8.79x10°
S24 1.28%10° 115 4.64x10° T17 6.40%10°
S25 1.24%10° J16 4.78%10°
S26 2.17x10° 117 8.00x10°

S, ELA 20 B R SR R S R A0 A I R R
HAR A H e 51 WA A LA 4 6 R AT ER A 16S
tDNA A ¥ A 45, ¥ PCR 7= ¥ 7% & & pTOPO-T
Vector 2 1 b, il 2 k2 A6 5 A% B8 1 4% % I8 5 .
4 J5 kL PCR S 28 AN e 43 AT 5 % B0, S e e 91 5 D
o o AT AR 280 87 ) U8 1 A 99% LA b, UE S R
PR T e i it £ 2 FHOR 35 4IE L SYBR Green
1 o %% 56 g B 69 58 B PCR 3 48 4 45 5 1k, FL
SYBR Green [ 187~ XUsE DNA I& & ) 57 3k 43 Br
PR ¥ — kA Bl T O oE A M4 AT PCR E B 45
o MR RTINS 45 R R AR TOGRT IR B 1A I
LR BE 82.9 °C, i 5] Wy kb T L BEIRAS P8 =4
N XU 45 7, R R T 4 B AR R P W S e T
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P, DT i 2 i 245 2 0 A A

4.2 U TR e 4 6 A R TR Y
B UEAS TR) i e 4 0 2 BR B AR A
225, 5 B L S AR D O X R A AR 4 B
10 7 TR BT A o 0 B D PR AR T A
BEam AR — P 40 T 1Y 2 E AR T 100 °C A B 5 min
Je #B A3 AU T, T 4% AN 4 4 Y 3 B 235 %1 100 °C LA
R S BE 4 TR 2 B 4 B 00 A R 5 D R
FH AL Kb O A A8 i T A 32 i S 0 R A T g
Bl 4 B (0 R A BR TR S U, AT AE + 4D o AR o i — 2
T Y T RE S PR Y 5 R A R A R Y
THEES T S8 bl BAR S S 51k R
7 A% P i 28 3o 70 A sl b i, — O 1A R A ROR 4
(Rt 5 — D T 3 e i AR 4 € T 4 Bk B 4 X
o5 T AT T A R KR

4.3 AR i AS TR 0 ) o e 4 B e 2 BR R A
WONT A G R A ER B UL RE O 1 R
WG AIRMAEYZ — ) 2 FETEMIEK .
P SR o 24 A (0 A BR A T LE 1) I B S
A H A, A B (0 A Bk DR 2 K i
SR KN AR X TR B RS Y. 4
B0 4 BR B TS YL 00 K K B W HE 303 R R
NS I AU B 7 N e Pt R OO 1 1 O R4
] 7K 9 U A Bl K T R %) S K [ R AT
Al 2 fff + 4 Kt T K AR 22 B — 2 5 g . FEARHT
FE YU AS [R) e ) o v 4 €0 A BR B A Y LU
R TR 7 b e AR A — R L U T R
R WIS Y AR B N

4.4 ) EE Al S [ ) T A 60 R A R
& m i SRR EM A, A 7= 858 4l
A DLAE 24 U9 245 B A9 R R M T R 32
JEC 41 B A5 R Y X 4 B 0 A BR DA R AT R L AT
Rif A1 1 SRR e A BIL 3R T, 2 05 AR R g vl Aol B
N B H T b T B A 0 R A BR B T e 1 2R
5 B Al AR S IE AR RN T AL B AT
i S PR YT 75 B B 5 | A 4 B 60 R AR AL DR AR
P B Al Y A 20 00 I 2 b 4 (0 A 2 BR
(10 5 A X I . A B 0 2 R B AR B s 2 — b
NI AR 50% L - BN 1 B2 Bk 1 #0477 4 5
R A ER A, B I A ol R R s T B MLl A BRI e
JE I 100, 3B i R A B TR Ak M M s (4 R €A 4 Bk
BRI % ) B 0 TN 5375 Y 25 1 B«

4.5 S [F) i R IsF TR) S () 0 ) r A 0 €0 2 BR B
MEEST SHOEHARE RS RS
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SRS, 8 38 By 7% 3k T DA AR K RAE [ B 6] I
Fl pH ZER ARG , (45 o 075 4 3K 8RB 98 72 AR ) 1Y
A5 B N A IR A7 76 R SR PR s T LK
B[] 77 % B o PR IRt i 7 T ] ) 1 4, B 5 oh 4
B (0 4 7 BR B OAS W SR AR K, e S T
T, 2 W1 24 Uk R MR 7 3 3 B 22 T[] B ) Asf i
K52 BTG Y i 0k 4B 4 00 4 Bk A
M0 RE A3 il — SE AT L O, G0 R A s LB RS Rz
FHEE LR (AR PR .CRE)HA”
SR VEP 2 =Sk R R RS N TE (SRR
P ZUWE | BRI AR AL, B A T R T e S
T AR Ep LIRS S = N (R IO R (=297 A e
—, TE Y UE 2R R ER R 1 S5 BIE 5 R AR Ol T
R AR A U > A v A € R 4 3K 1Y
8 S TR N E LA N IR A TE N NN 954
24 1 I 1 AR AV R A 803 1) 46
4.6 Real-time PCR 5V 40k il & 4 o 0 5 4
BRI R 2R 00 Ak SCHkiE WK, Real-
time PCR $ A J& H A e M 0 . 5 & M I 47 51 149 31 [
B 28 TA B A% R 43 52 1k R 2 o A O s ofE 7 7%, L
77 A R A R R AR SY R
T Real-time PCR S G H0GE 45 R A &
A I S 35 S 1 5 BH P F P B T 5 T e 4 R
% Real-time PCRAIL 3~4 /N4 ¢, H A7 #2514
25 . X AT R 5O AT B PR R R
SR TT BE 5 Y IR R 4 00 4 BRI AL T TR
B AR AT 5 FRR 25 (VBNC) BURE Sl FP A 16 H Y 4 8 4
A% BR A R0 DL 2 TR R 7 R B AT B AR BA G
AT RE 5 Y AR AR — S K TR B A C e A,
e LEN G VSR a7 Y E DN TE T/ I = BN
B T AR VR X G B8 A BR TR A — 0 0 AR
FHP2 7R B 55 0 R v 2% K o 4 B 60 A Bk
H—EMEXR.

Pk Baird-Parker V- Hix Fl1 73 8§ % 22 hy (0 4% Ge ks
T 4 €0 45 %4 BRI O YA AR AE RS 2 ) R, 2R B gk
1 HwmEREANGRS M WILSON 45 fiff 55 45 i1
15 88 7 kAN TE T KAtk i 4 0 60 4 7 Bk A A B R
Y 5E ;Real-time PCR 1% 5 852 w5 8 &2 PR 4y A6l )&
10 A TR B 3 AT A KRN Bk S 43 s A R ) v
JEE R S IR A 00 4 BRI P PR A R R
WPk . BEAh, 2400 VBNC ik A K B fE
T3 AT Ak T AE IR A O B R B 0 # ) R B0
PR Y 0T e 4 M AF R W AR 19 B L Real-time
PCR X 3 Ff 41 B 19 6 0 68 77 0) AT sz e >4 19 4 %% (0

MAEREMIEARE . S0 — i, A S R T B
23R AE K 1 K35 T 1 9% Real-time PCR AN L {H
208 B 50 LG BT 110 B R S AP Y B
AN R E A R ORI A R R
AR U e 4 0 A R O A I O
5 it

A% W 9% 3 +F Real-time PCR H A K # 542 124 14
AN Ta] 0 ) & b 16S rDNA 3[R 1 #5500 , Ai xoF He
HEAT 26 68 58 . 45 F R BN R0 ) 7 i R TR
Hb AN T 0 R A ol DA B AN [] A 98 T [R] % 4 8 €2 7 %
BRI & A — g, MR T
B MEAF IS H A W E M, 0T O 2K R R
T Y AU DA B A — 2 B30H SRR, O O LA B
P A5 BT BRI — S B S K . (BB S
WAFAE — SR JE 22 Ah Y I FE b 4 o5 (0 8 4 BR B
FE TR M H I 20 DNA T30 AR B, J5 28 5 508
FI 1 B A WAL TN £ 5 Real-time PCR 4% A AH 45 4 14
D58 R 24U AR S T A A B0 R A Bk E T R
DN, 3k e {1 PH P &85 SR, AT BT 0 o A L S A o
G V0] 25 BR DA 1) 485 2 1 O
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