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Abstract

A simple and cost-effective approach has been used to synthesize biocompatible nanocomposites of graphene oxide, glucose and copper oxide. Basically, three types of nanocomposites (i.e., Glucosecapped copper oxide nanoparticles, GO stabilized copper
oxide nanoparticles and GO stabilized glucosecapped copper oxide nanoparticles) are synthesized at 35, 75, and 100°C. All the nanocomposites are characterized for their physical properties and studied for their antibacterial properties. Antibacterial
testing against laboratory strains of Escherichia coli and Bacillus anthracis shows that all the nanocomposites synthesized at 35°C possess better antibacterial activities compared to other nanocomposites and GO. In this study, the order of antibacterial
activity for synthesized nanocomposites observed iIs Cu/Glu/GO > Cu/Glu > Cu/GO, suggesting that the Cu/Glu/GO possess comparatively significant antibacterial properties owing to the synergistic effect of copper, glucose and GO. However, it should
be further explored to be an alternative antibacterial agent to overcome antimicrobial resistance in near future.

Graphical Abstract Methodology Color test
The net reaction between an aldehyde and the Cu 1% js shown in equation 1.
ﬁ‘“s(e\’ Penetration resulting 52 mL Distilled Water
N n : + Hot Plate (35/75/100°C) RCHO + 2 Cu?* +5 OH- — RCOO™ + Cu,0O + 3 H,0 ----------- Eql
I s in cellular leakage " Stirring 300 Tpm — 2 2 (Eq 1)
'Y jlnl ) e ‘m\“a“e L . L .
Yo ) me ?‘.\0“ l While in the case of Cu/GO nanocomposites, precipitation observed is of black color
{f‘,\/;;’:’:‘f/q X Add 4 mL NaOH (1 M) indicating the formation of cupric oxide (CuQ) (12).
0000 g Stir 10 min .
YY XY l > C
_d_‘_-(\:?,:\/_.‘.; & S
GO Add 4 mL Glucose (1 M) e e Sl L Add 4 mL Glucose (1 M)
Stir 10 min — Pale Yellow B Limﬂ = Stir 10 min — Pale Yellow
Synthesis |Olucose
";3; 7'§’ Oxidative stress
:& 1‘0’00;,’ Copper L A— | _ , Add 200 pL Cu(NO3)2 (1 M) Add 200 uL Cu(N0O3)2 (1 M)
nitrate Oxidation of essential Mitochondrial Dropwise + Stir 20 min Stir 20 min — Black +400 pL GO dropwise O
cellular components T Dys function Light Blue — Orange Stir 20 min — Light Blue — Orange %
! (for other microbes) o
Protein damage l /"‘ﬁ\ Centrifuge 12000 rpm, 20 min, 4°C - . :
@ - (i V), Discard supernatant Stir 20 min — Red/Dusty Brown o
w o
Lipid L/,&:[: e l S
nsidatian & 2 & T 1p1d bilayer . — O
peroxidation ', u" '\ ocx  DNA damage Centrifuge 12000 rpm, 20 min, 4°C Reégglggﬁ Iéeglle;:i%lﬂllz E‘gf} f"’ﬁ%‘q Centrifuge 12000 rpm, 20 min, 4°C =
| ® Copper ions Discard supernatant A%r—dgy pellet P Discard supernatant O
Cu/Glu/GO & — 3 A Enzyme .',' Cuw/Gluw/GO l l
(gl U inactivation “ ‘o , — — ' i
/¢ Z nanocomposite Resuspend pellet in 1 mL Milli-Q Resuspend pellet in Milli Q Figure 1 Color change reaction of Cu/Glu, Cu/GO, and Cu/Glu/GO
Centrifuge again 12000 rpm Centrifuge again 12000 rpm nanocomposites synthesized at 35, 75, and 100°C.
Air-dry pellet Air-dry pellet

Results
X-ray Powder Diffraction Analysis Transmission Electron Microscopic Analysis Antibacterial Studies
E. coli B. anthracis
_ : (a) (a) |
] . (b) (c)
4 (a) — Cu/Glu (35 °C) . = Cu/Glu (75 °C) . Cu/Glu (100 °C)
. T 5 S . T S i = S
= o o 1 8. . s | 7 8§ b 35°C
-A~ ? J_J i J§ W f JJ l 13—3 _11\_ — 1 ) ( ) Cu/Glu/GO I (b)
fg\ 7 Cu/GO (35 °C) 7 Cu/GO (75 °C) i Cw/GO (100 °C) '?%
E | i - =g
é 7] N —_ | E
g ] . i =8 i g3 &
—=S o o — S A QA S o Sand e L
1L M%§§§S§ -)L 5M S gES8ZH -qL g“‘ S5g8834 75°C S e
I ] et SO o e Cw/Gh/GO =
i — Cu/Glu/GO (35 °C) T = Cu/Glw/GO (75 °C) = Cuw/Glu/GO (100 °C) | "":
. n S 1 S ! I S s 3
S N §m i = N~ — — < ISES <
I W s O O O W, D B O I K
I I I 1 ] I I I I I I I I I I I I T T I T T T T T T >
5 15 25 35 45 55 65 75 85 5 15 25 35 45 55 65 75 8 5 15 25 35 45 55 65 75 85 :\];
20 (degree) 2 S
N
Figure 2 XRD Spectrum of Cu/Glu, Cu/GO, Cu/GIlu/GO synthesized at (a) 35°C, (b) 75°C, (c) 100°C S
Sa
Effect of composition of nanocomposites and synthesis temperature 100'“11
Table 1 XRD analysis for Cu/Glu, Cu/GO, and Cu/GIlu/GO synthesized at 35 °C, 75 °C, and 100 °C () Cu/Glu 35°C Cu/GO 35°C Cu/Glu/GO 35°C S
20- Mean= 103.69 ,,. Mean= 35.23 20 - Mean= 85.89 Fxj
SD =26.41 SD=15.15 SD = 13.47 >
= < _ 3 L S
<40l - =i i an R} o
Obtained Peaks - IS 10 | :g“l 0 . € 10 = .
Cu Cu,0 CuO Cu Cu,0 CuO Cu Cu,0 CuO [ ” Imx s | ] _ =
Sample 4 ©S5 = © 5 % /1 © 5 r AN =
P . | 7 S
ol A A 1 4 |} ]5{] ol l | ol A —7 | ~
29(110) 29(110) 29(110) 70 80 90 100 110 120 130 140 150 0O 10 20 30 40 50 60 40 50 60 70 80 90 100 110
Cu/Glu 43(111) 36(111) § 43(111) 36(111) i 43(111) 36(111) Particle size (nm) Particle size (nm) Particle size (nm)
74(220) 61(220) 74(220) 61(220) 74(220) 61(220) . . . .. . . .
77(222) 77(222) 77(222) 20- Cu/Glu 75°C 20, (;;UGO gj‘zg 20l . Cuf%ufGOZZSSf Figure 5 (a) Antibacterial activity studies of GO at different concentrations
Mean= 62.83 ean= 24. ean= 24. . : .
- - o SD — 13 31 sl e (10,_ 50, z_ind 100 mg/m!_) against B. anthracis and E. coli and (b)
32(011) o) _ < - _ Antibacterial activity studies of (A) Cu/Glu, (B) Cu/GO (C) Cu/GIlu/GO
mi R iy = £ | U synthesized at 35, 75, and 100°C against E. coli and B. anthracis at
Cu/Go 36(111)  53(020) _ 36111) o000 61(220) 53(020) 8 sl = S s | 3 s different concentrations (10, 50, and 100 mg/mL) of hanocomposite.
61(220) 58(202) 61(220) 66(013) 58(202) _ = s //‘ . e
66(013) 68(022) 66(013) o —-41 - . 7 0 7
el022) 72(113) ) 20 40 60 80 100 0 10 20 30 40 50 60 15 20 25 30 35 40 45 Table 2 showing ZOl (mm) obtained against B. anthracis and E. coli with
e 7222 rericle size fim rericie e fm renicie se fnm different concentrations of nanocomposites. (+ Standard Deviation)
20- Cu/Glu/ 100°C 5. Cu/GO 100°C 20 Cu/Glu/GO 100°C P .
o o el Mean= 8.664 Mean= 14.41 Mean= 5.92 201 )¢ I 201 )¢ I 201 )¢ I
= 1" = e _ mm) Tor sampies mm) Tor sampies mm) Tor sampies
43(111) 36(111) 43(111) 36(111) 43(111) 36(111) 15+ SD =1.762 151 SD =4.43 154 SD =2.60 S |
CufellEe 74(220) 61(220) ) 74(220) 61(220) ) 74(220) 61(220) 50(002) - — P | Sample =ilHis . synthesized at 35 °C synthesized at 75 °C synthesized at 100 °C
77(222) 77(222) 77(222) 3£,1 0- 3:: 10- =10 _ Name Concentrati
= S Ok S 7 on , B. , B. , B.
Bold underline shows the primary peak observed in XRD analysis of synthesized nanocomposites 8 54 /5 (&) 5);,’ — 8 5 E. Coli anthracis E. Coli anthracis E. Coli anthracis
JEA ol L\ N | 6 6 6 6 6 6
° © P ?;t I g (r?m) 10 1 i 1I%ar1‘tile1s?ze1(?1m2)0 g 2 4 Pa?"licle gize (:1Om) 12 4
. article size
Raman Analysis 10 mg/ml 6 6 6 6 6 6
q 35°C Cu/Glu/GO 6 6 7 6 6 6
(a) (d) Lol GO Cu/Glu 10.33 10 9 8 6.67 6.63
a b
D (b) W o 634 6.34 6.33 6.33 6 6
! o]
A Cu/Glw/GO 100 °C Cu/Glu/GO 12.33 10.67 10 9.33 8.33 8
L A Sample name Peak position Peak
Cu/Glu/GO 75 °C i“te:‘_s“y Cu/Glu 11.67 10.67 11 8 9.33 7.8
P u : ratio
g i~ 0 . . Cu/GO (NSRRIt 7.33 8.33 8.33 8 8
~ c0 e I Lo 75°C Cu/Glu/GO 12.33 12 11.67 10.67 10 10
> CwGlwGO35°C At35°C Cw/GO Cu/Glw/GO
~— i
. ; Cu/GO 1347 1578 0.913 .
Q Cu/GO 100 OC : Cu/Glu/GO 1345 1581 0.957 CO”C'USIOnS
3 - e —~— At75°C » In this study, Glucose-capped copper oxide nanoparticles (Cu/Glu) were synthesized as
& Cu/GO Lo 1582 0.997 a control, and copper-GO nanocomposites were synthesized with and without glucose
Cu/GO 75 °C Cu/Glu/GO 1345 1572 0.994 (i.e., Cu/Glu/GO and Cu/GO, respectively) and studied for their antibacterial activity.
At100°C « Structural studies revealed that copper nanoparticles possess oxide forms, and the size
Cu/GO 35 °C S 1342 1582 1.05 of nanoparticles is reduced with increasing temperature, while chemical structure
A Cu/Glu/GO 1344 1583 1.09 analysis of GO shows that it is also reduced with increasing temperature.
: « The shape of copper oxide nanoparticles is successfully controlled by glucose.
GO i « All the synthesized nanocomposites were found to have better antibacterial activity
] ‘ ‘ ' | against laboratory strains of E. coli and B. anthracis when compared to GO.
1000 1500 2000 2500 3000 3500 Nanocomposites synthesized at 35°C show better antibacterial activity.
Raman Shift (cm‘l) * In this study, the order of antibacterial actiyity opservegl Is Cu/Glu/GO > Cu/Glu >
Cu/GO, suggesting Cu/Glu/GO to be a potential antibacterial agent.
 However, the mechanism of action of the synthesized nanocomposite includes the
Figure 3 (a) Raman spectra of GO and Cu/GO, Cu/Glu/GO synthesized at 35, 75, and 100°C and Figure 4 (a) TEM images and inset: SAED pattern of GO, (b) TEM images of 5;%‘?;’532” a‘r’]‘:j rr?]ae‘r‘:‘éfanoex%gtee”raiggg'isgu;’:gog‘y ﬁ'g;sl’er’lagfpg‘:t'ifg;ea‘:gmrﬁgri’bézz
(b) Raman shift and peak intensity ratio (ID/IG) of GO and Cu/GO, Cu/Glu/GO synthesized at 35, Cu/Glu, Cu/GO, and Cu/Glu/GO synthesized at 35, 75, and 100°C, and (c) stress against bacteria while contacting with the sharp corner basal planes of GO,
75, and 100°C. Histograms showing the average size range of copper nanoparticles in Cu/Glu, which results in disruption and damage to the cell membranes.
Cu/GO, and Cu/GIu/GO synthesized at varied temperatures (d) SAED pattern of * Fine edges qf GO sheets act as nano knives, cutting bacterial cell membrane, leads to
Synthesized nanocomposites. exposure of intracellular components, followed by cell death.

* It can be stated that a 100 mg/mL concentration of Cu/Glu/GO synthesized at 35°C can
be used as an efficient alternative antibacterial agent; however, cytotoxicity analysis can
help to explore its clinical usage.
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