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Evaluation of the inhibitory effect of bamboo leaf-mediated
green-synthesized silver nanoparticles on reservoir
sulfate-reducing bacteria
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Abstract: [Objective] In view of the issues of reservoir acidification and pipeline corrosion caused
by sulfate-reducing bacteria (SRB) during oil and gas field development, this study focused on the
green synthesis of silver nanoparticles with bamboo leaf extract and systematically evaluated their
effectiveness and mechanism in inhibiting SRB. [Methods] Under alkaline conditions (pH 11.0)
and at 80 °C, silver nanoparticles with a particle size of 20—50 nm and good monodispersity were
successfully prepared through ultrasonically assisted ethanol extraction of active substances from
bamboo leaves. [Results] Real-time quantitative PCR results showed that 50 pg/mL of silver
nanoparticles reduced the total bacterial count from 5.21x10° copies/mL to 2.01x10” copies/mL.
Meanwhile, the abundance of sulfate-reducing functional genes dsr¥B and aprA decreased from
1.76x10° copies/mL and 2.03x10° copies/mL to undetectable levels. The 3-(4,5-dimethylthiazol-2-
yl)-2,5-diphenyltetrazolium bromide (MTT) reduction assay indicated that silver nanoparticles
reduced SRB activity in a dose-dependent manner, with the SRB activity in the 50 pg/mL silver
nanoparticles group decreasing to 40% of that in the control group. The lactate dehydrogenase
(LDH) release assay confirmed that the cytotoxic effect of the synthesized silver nanoparticles
ranged from 32.8% to 42.1%. Under SEM/TEM, silver nanoparticles were observed to adsorb onto
the cell membrane surface, forming a nanoscale coating that altered membrane permeability and
disrupted the cell wall structure. At a concentration of 50 pg/mL, silver nanoparticles completely
inhibited biofilm formation. Core simulation experiments further validated the effective inhibition
of SRB by the nanoparticles in reservoir environments, with hydrogen sulfide production
decreasing from 83.16 mg/L to below the limit of detection. [Conclusion] This study demonstrates
that bamboo leaf-mediated synthesized silver nanoparticles exhibit high efficiency in inhibiting
SRB, environmental friendliness, and resistance to microbial drug resistance. It provides a green
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prevention and control strategy for microbial corrosion in oil and gas development processes.

Keywords: sulfate-reducing bacteria (SRB); silver nanoparticles; green synthesis; antibacterial
activity; prevention and control of microbial corrosion in oil reservoirs
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AR . A, AREE . R A A
WML —SUBH, i [ B 24 4R A BR 2 W) (O B 4l
AR); LDH i &, JUm &R ERHEAIRA F 5
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Hr R A AT PR A w5 B e 2T AR O3
ThermoFisher Scientific 23 A 5 #OGHLEE 434513,
FHAR AR A IR A A SR R
ZEISS A ) ; FAMIIEIERET, Iz iR HlE
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0.22 pm THALIE AT T UE , TSI IR
RIFRIC NPT S BRI, & H

Hg il 245 B R AT SR I 4 B Ve VR T A
Ak B JS ARAT B ASFE a2 1-2 mg TR KK
i o A B ot AR e 21 4F % 3 (Fourier transform
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1.6 RN FHIESLIE
1.6.1 SRB E&IEH

SRB & 4 K5 # & A (g/L): NH,CI 1.0,
KH,PO; 0.5, Na,SO; 1.0, CaCl,-2H,0 0.1,
MgSO,-7H,0 2.0, FLEREN 2.0, FEREM 1.0 7]

7 0.001; HHL 0.5 g FeSO,4+ 7TH,O i T 10 mL
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AR S 55 AR T Sy R T B S e 1 4 L A
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B 25 mL, BRI E, 78 37 °C
SN HATHEIR ARG 5, B 24 h UKL
EMIT M E HoS W FE, FFZ2MEM 72 he S LA
0.5 mL/min BEPG 10 min 58 B 7 ASR 9K i 1A 5
SRB }iFedt, ILibfr 5 MER . L IbFR)EE
SRR R G, TEM R R 35 51 T ak sk il
H,S AR, PRSI S5 L AR 9K 7

ST R
2 HEXRE5W®

2.1 P BEREMERHE

PSR EY) ZY BB i i IR (E] 1A),
Xf 1% $2 B E AT UV-Vis 038P0, 5 K ik
I Y IAE 525 em™ b, R LLAMGIEEE B,
3.389.14 cm™ &b Ay S W Wb T 9 I A N—-H 4
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Figure 2 Particle size distribution diagram of silver nanoparticles synthesized from bamboo leaf extract.
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Figure 3  Characterization of silver nanoparticles synthesized from bamboo leaf extract. A: Micromorphology

image of the silver nanoparticles; B: XRD pattern of the silver nanoparticles.
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232 IRYKRKITFXT SRB FE RIS
ERYARLTFXT SRB 1 M B4 il R W&l 4B
Jii7n, 7E 50 pg/mL AL BV BE T 40 A TS M
B 40%, SXFRRAIA L, ARG KR T Ak B
J5 ) SRB A1 1% M BH i R R B AR 4 Kok 1
We BB, FE 100 pg/mL 4R 44 K kLT Mk B
SRB 1Y 4 ML TG PE L 4EFFAE 40%, RIITEER K
B T-He BB 50 pg/mL S5, B Tk BE B34 4
L B 36 P AN A2 A0 . R [V B R AT I O
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BRYARLT- P R 25 0T B — AT 4R R
AT UE SEAR G K 240 il SRB ¥ 14 7 1 2 A7
HALRMERE. &R E TS5 FAnE A,
HER) A DR Z 0] R A AL/ E T, T iR
EM SR AY, IIMSAE T 48 5 T b2
FEAS AT PO BT e, fERT s 4
Ja B R AR BE A Ve B R T A E AT
HA AR R A A T3R5, Fldnge
A B B AR B T AR, S EURE T
A RO E AR, DT ik % o 2 A B ik — 2B
i, X&EE A —EN%hEE ). DA-G20 1

A
507 [ Silver nanoparticles
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S
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A UK EEIAE] 50 pg/mL B, 1SR
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WELIR A5 SRR, AT T A B AR 44 Kk 1
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Figure 4 Effects of silver nanoparticles at different concentrations on SRB cells. A: Cytotoxicity of silver

nanoparticles on SRB cells; B: Effect of silver nanoparticles on SRB cell viability.

P4 actamicro@im.ac.cn, 7 010-64807516



Tl 5 | MY, 2026, 66(6)

2983

*®1 HAESEUAREBRRTEEEEYE

Table 1 Total bacterial count and sulfate-reducing bacteria gene copy number (copies/mL)
Sample (ug/mL)  16S rRNA dsrB aprA
Mean Standard deviation Mean Standard deviation Mean Standard deviation
0.00 521x10°  2.17x10° 1.76x10° 1.65x10® 2.03x10° 1.57x10®
6.25 3.26x10°  1.65x10° 9.70x10® 1.78x10’ 7.51x10° 2.68x10*
12.50 7.33x10%  3.45x107 1.36x10° 2.35%10* 1.96x10° 3.12x10°
25.00 3.98x10°  2.69x10’ 1.99x10? 3.12x10 0 0
50.00 2.01x107  3.18x10° 0 0 0 0
100.00 6.64x10°  1.69x10* 0 0 0 0

1 2.03x10° copies/mL, IESE SRB QG4 F
AR INIRAS . BEERANRR FIR B, AR
AWy i M SRB D fig Sk R 3 B SR AR B R
50 pg/mL Kb FEZH E TR 2.01x107 copies/mL,
H. SRB Rk B F AR T A BRAE . AN 7 i
GG E A6 R 9K R
IVEBCRIC I L, Hoh ey 120 mg/L 19 4=
Yy FE A TR A ) Ag 99Kk, BB SRB
FROFIE FRERER] 002, MR TAEgfbFik, H
— A= R ] B 8 SRB P AE b PR, TEL
Z bR R P R A ], A R ER S R
SRS EE N BE TR G I, BT A RER 2
B R VERTEEE, (G A] X PR EEa ok —
WG, HMEIZRE, R fl A 40% A2
A0 2 5 At SCHR AR A SR L, UESE
PPt A 6 A 9K 1T 2 2 10 il SRB Fh
HagE S5 ACTEE
234 SRYKKIFXT SRB EYIRAIF M
JA 12.5 pg/mL YK K 1) SRB & 51
FW WAL, #4T SEM 5 TEM 4387, 45
AN SA . 5B R, OIS (SEM)RZED)
A —E WM 2 MRS R, ER0 4H f  1i
R S S G AN 1 TN DR 7 e 0 S
AR AL ; TEM BG83 49 KR 1k
PR AE ARG B, 8020 i o B o 40 i BE SR B
S I RE L 2R

A 50 pg/mL ARG T SRB & AL I7
W AR 40 i SEM 5 TEM 25l 5C. 5D
fiin . 7F SEM RBP4k Bk R £
JCHL IR e W HERR R B A W i I ik
b, AR RRRE 28 FR ST A KR ORL T5 , TEM K]
8 WL B2 B R B 1 98 K JBURE W B0 A 8 R E
S0 i 5 0 IR R A% BH S LR A 12.5 pg/mL 4R
YKL THY SRB 5 HE 55 U A R B Ak
R WHMMEMRERY, R R4 AR 40 7
A RE AL TORAR /N ] 28 35 A0 M A DR A0 i i, 3k
FMTE B ROR , 0 e v AR A0 KR F2 B E it
MM R B, BH IR A W A 5 R e
filk, IRFREACR . FTHA T UK Ag
i 55 20 L 2 18] B AR FHATL )5 s 28 Kok - R 41
BRLEI—2, a0 Hu ZE IR R0, 9K kL
AT B2 M AR B, 5 3T 1 4K (reactive oxygen
species, ROS)ist 22 35| A S8 AL N, HEMIAD AL
P AN AR 2 A A0 S E0A0 L Y DNA 254452
5 Fu P EL BB 4% T Ag-Cu BNPs B4R 4
JRIEER TR . 455 R BT AILHIT 5T 09 SCHk Al i,
Ag-Cu BNPs fe A R R SRB 40 i) 6 #& A
WPk, fdnpshResz i, i SRB A K K@l
TN, L5552 Rl SR SCRR, MR
YKL 32 B LA IN SRB 41 A 5 A 4
MM, S35 SRBIGPET %, SRB YIREH A Y
P UUBC R,
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Figure 5 Morphology of SRB cells in culture medium supplemented with silver nanoparticles. A: SEM image of

SRB cells treated with 12.5 pg/mL silver nanoparticles; B: TEM image of SRB cells treated with 12.5 pg/mL
silver nanoparticles; C: SEM image of SRB cells treated with 50 pg/mL silver nanoparticles; D: TEM image of

SRB cells treated with 50 pg/mL silver nanoparticles.

24 PRPKAFEBBIIETINE
BE

AR, SRB IR ANk 6 Fros, 52
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AR A 83.16 mg/L, IS SRB #5485 H
FERFAE o AR GOK BRI AR IS, BRIR A IR
PRI OGRS ], HoS AR B S R 4K
TS, 144 h BHEZE 1.23 mg/L, S LA
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Figure 6 Hydrogen sulfide production at the outlet
of sand-packed columns at different time points.
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