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Abstract The IncX4 plasmid pSD11, which carries the multidrug resistance gene cfr was used to study the
effects of berberine, baicalin, aloe-emodin, and curcumin on stability of drug-resistant plasmids, thus providing
a theoretical basis for the elimination of drug resistance in pathogenic bacteria by traditional Chinese medicine
(TCM) monomers. The antibacterial effect of the four TCM monomers was analyzed by measuring the minimum
inhibitory concentration (MIC), growth curve, and growth kinetic parameters of Escherichia coli strain MG1655/
pSD11 (E. coli MG1655/pSD11) while exposed to drugs. Real-time Quantitative PCR (RT-PCR) and plate
counting were used to investigate the effects of the four TCM monomers on plasmid stability. Additionally, the
extracellular levels of lactate dehydrogenase and alkaline phosphatase were determined in order to investigate
the monomer’s effects on the cell wall and cell membrane. Results suggest that the four TCM monomers have an
antibacterial effect on E. coli MG1655/pSD11 with an MIC value of 1 280 ug/mL for berberine, baicalin, and aloe-
emodin and >160 pg/mL for curcumin. Meanwhile, investigation of growth kinetic parameters of E. coli MG1655/
pSD11 indicated that berberine and baicalin (1/2 MIC) significantly prolonged the lag time, whereas curcumin
(1/2 MIC) and aloe-emodin (1/2, 1/4 MIC) significantly reduced the maximum growth rate and prolonged the
generation time. After treatment with 1/2 and 1/4 MIC of berberine and baicalin, the stability of plasmid pSD11
in E. coli MG1655/pSD11 was significantly reduced, while the extracellular levels of lactate dehydrogenase and
alkaline phosphatase increased. In summary, our findings indicate that the TCM monomers effectively inhibit
bacteria, while berberine and baicalin were shown to reduce stability of the IncX4 plasmid pSD11.
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Table 1 Primer sequence
H[H Gene % ¥ Name /7% Sequence (5'—3") PP E Product length (bp) #7354 Amplification efficiency (/%)
vir4 virB4-F AGCCCGTTCAGCTTACGAA 189 95.6
virB4-R CACCGAGTTTCTTGATGATCCG '
galm galm -F ACAATCTGCCAGCGACGTT 124 104.1

galm -R CCAACCGTATCGCCAATAGCC
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Table 2 The minimum inhibitory concentration of four TCM
monomers and florfenicol against each tested strain (o/pug mL™)

Escherichia coli  E. coli E. coli
5H)
#5%) Drug MG1655/pSD11  MG1655 ATCC 25922

7K JE#% Florfenicol 256 4 2
/NEETH Berberine 1280 1280
# X FF Baicalin 1280 1280 -
P2 K3 % Aloe-emodin 1280 1280 -
23 % Curcumin > 160 > 160 -
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NFEHE 3 Z (Cun) AbEEA.

Fig. 1 Fitted growth curves of tested Escherichia coli. A: Different concentrations of berberine (Ber) treatment group; B: Different concentrations of baicalin
(Bai) treatment group; C: Different concentrations of aloe-emodin (Alo) treatment group; D: Different concentrations of curcumin (Cur) treatment group.
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A

WESA. BFT7~: HBRIME X REAILL, 2/ BERR A ) i 4+
FLER It S A M R S R R E e, BT PR R
WP TY, 290k B e = g i k. AL BE8 hJS, 1/2 MIC
A PR B A 270 S ATy T B AL, /4 MICHD %} & 2H 5 1
W25 5. R/ INBETK A % 5 i A2 R T ik A0 PR L T i B 1
#EIk. HEI5C. DA%, SHEX AL, RS TEN T, 58
I IFDHESE, f 420 Bl & 5 1N, FL2G 49k 5 e s i =
. Hob, RS R e R AT TR &
B 35 2515 BE A% WA 32 W B AR IO 0 I . 2 P . BTk xR 4 2
Al A D .
3 i i

NYERFIEE A HE B, BRI (pH. R FE BB 2
S0 BE S AT RAC FUR, PR A N AR, R s
32 I A AR AR 2 BN A K g o DR, i g SE
T g R AR A R AR 1] 3 A K B 70 2 S U T 2
A PRSP A 0 TR 3 L AR . A S 1 A R R I B ER B
AR I S T L PR AR R B B S A 45 TR A R
NS B AR, 3 18] 5 K A K T 3R 0 I e 56 R R A 85 ) 40
PR AR RS M. E I, A5 AT] 4 20 B A R A T 7 4 I T
Py AR [E] 17 AR 5038 o oy M4 R b 25 SR B2 N E. coli
MG1655/pSDIMII A B 1125 2 4, 453 BoR1/2 MIC/NEERR
RV 285 S 35 S K R P 2 T I T R AR S TR /N B T AT
SRS AF IS A, E. coli MG1655/pSDA1Ay3E v B 45 4iE
KAE I, AR g8, RIS EUE. 1/2, 1/4 MICE 2K
TR AN/2 MICZE 35 32 b 10k 25 PR AR A0 1 1 e K AR KO R,
AR [A). AR B ) ) SiE K 2 200 T 384 58 52 071 by tkmT AL,
1/2F11/4 MICIHI4F# o 24 Sk e (£ E. coli MG1655/pSD11(1)
AR TR ARG, A E AN

Table 3 Growth kinetic parameters of resistant Escherichia coli MG1655/pSD11 under the action of TCM

Eikl] P FNER ST ES

Group Maximum growth rate (Upa/h™)

S it I [ [EEAR B [
Lag time (A/h) Generation time (G/h)

X HE 4 Control
1% DMSO

/NEEGE AL EE4H Berberine treatment group

0.2792 + 0.0238 *°
0.2873 + 0.0347 **

1/2 MIC 0.2473 +0.0238 "
1/4 MIC 0.2486 + 0.0209**
1/8 MIC 0.2708 + 0.0273 "

HA AL FLY] Baicalin treatment group

1/2 MIC 0.2492 + 0.0211 "
1/4 MIC 0.2601 + 0.0227 **
1/8 MIC 0.2678 + 0.0254 **

PR £ b4 Aloe-emodin treatment group

1/2 MIC
1/4 MIC
1/8 MIC

LR AFL Curcumin treatment group

0.1400 + 0.0149 ®
0.1717 £ 0.0112 B¢
0.2127 +0.0132 °°

1/2 MIC 0.2039 + 0.0101 ®*
1/4 MIC 0.2496 + 0.0126 “*°
1/8 MIC 0.2757 +0.0190 *°

1.2941 +0.1855°
1.5268 + 0.2577 ®

1.6794 +0.2188 °
1.4950 + 0.1954 °
1.5033 + 0.2205 °

1.7378 + 01956 °
1.5553 + 0.1988
14423 +0.2113 ™

1.5735 +0.3741°
1.3988 + 0.1939°
1.2748 + 0.1591°

1.5109 + 0.1162°
1.5772 +0.1073°
1.5340 + 0.1421°

1.0862 + 0.0925*
1.0632 + 0.1283"

1.2285 + 0.1181%°
1.2196 + 0.1026**
11232 +0.1131%

1.2167 +0.1028"°
1.1663 + 0.1020**
11341 £ 0.1075%°

21745 +0.2307°
1.7613 + 0.1154
1.4209 + 0.0883°°

1.4799 + 0.0736 °
1.2092 + 0.0608 **
1.0971 + 0.0756 **

ExHBAME, NRNGFRERREREE (P<0.05) , ARKGFREFRZEFREE (P<0.01D.

Different lowercase letters indicate significant differences (P < 0.05) and different capital letters indicate extremely significant differences (P < 0.01)
compared to the control.
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Fig. 5 The activity of extracellular lactic dehydrogenase (LDH) and alkaline phosphatase (AKP) of the tested strain under the action of
different concentrations of berberine and baicalin. A: Content of extracellular LDH under the action of berberine; B: Content of extracellular AKP
under the action of berberine; C: Content of extracellular LDH under the action of baicalin; D: Content of extracellular AKP under the action of baicalin.
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Fig. 81 Circular representation of cfr-carrying plasmid pSD11 (mapping based on the information of Ref [5]). The circles from outside
inwards show separately as follow: (1) The size in base pairs (bp); (2) The coding sequences transcribed in the clockwise direction; (3) The coding
sequences transcribed in the anticlockwise direction; (4) A plot of the GC content with step size of 200 bp.
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