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Adsorption of Antibiotics on Serum Albumin Nanoparticle
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Abstract : Antibiotics are compounds broadly used to treat patients with infectious diseases and to enhance productivity in
agriculture, fisheries, and livestock industries. However, due to the overuse of antibiotics and their low biodegradability, a
substantial amount of antibiotics is leaking into the sewer, subsequently resulting in pollution and the emergence of
antibiotic-resistant bacteria. This study explores biodegradable serum albumin’s potential as an adsorbent to remove antibiotics
from water. Serum albumin is a natural blood protein that transports various metabolites and hormones to all tissues’
extravascular spaces. While serum albumin is highly water-soluble, it has intrinsic binding sites which readily accommodate
ionic, hydrophilic, or hydrophobic molecules, rendering it a good building block for a nano-adsorbent. To induce coacervation, a
desolvating agent, ethanol, was added dropwise into the aqueous albumin solution, resulting in dehydration and liquid-liquid
phase separation of albumins into albumin nanoparticles within a size range of 150 ~ 170 nm. The addition of glutaraldehyde as a
cross-linker improved the size stability and homogeneity of albumin nanoparticles. Adsorption of amoxicillin antibiotics on
albumin nanoparticles was dependent upon glutaraldehyde concentration used in desolvation and pH during adsorption. The
maximum adsorption capacity measured by spectrophotometry was found to be 12.4 micrograms of amoxicillin per milligram of
albumin nanoparticle. These results demonstrate serum albumin’s potential as a building block for fabricating a natural
nano-adsorbent to remove antibiotics from water.
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HAA| AR dhg| o}, Hiol2|A & {71419 oF IAFE
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dhg|gjotof ot 7S diF B A g5ke QJekEARA 9l
749 QmsE Y 2 8 9, s5FAAAY A S
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FAE T Q. FYAE s E Fo] T oflFQl TS 47
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o}H5]. El=7t e A @F-go] Algt -EuEte] H9- &
Ao FEEe HPYAY o] HA] FZ AR .
mebA S0 2H HPPAE AR Ee Eoliches 71 A
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2.1. &2

A €% dHE"(bovine serum albumin, BSA)}2 MP bio
(Trvine, USA)OllA Fui5tQitt. oAl @AY A (amoxicillin,
AX)= TCI (Tokyo, Japan)ol|A] F-uj5}4t}. Glutaraldehyde (GA)
= W IotdE 2] x5 2]ok(Seoul, Korea)ol| Al FLulj3tict. 7]}
A|FL EAFOFE (Ansan-si, Korea)ol|A] FLufj5}3ict.

2.2. BSA Lt =kt

252> 2 mLo] BSA 200 mgS Y1l AL0]4 5 min 5t
800 rpm o= WHISI] BSAE 0]tk BSA &Hof ot
<€ 8 mLE 1 mL min'9] X2 A H7ksto] BSAZF e
Az SHHES FEskqih BSA Y dAe] 2 Mg
AA517] Y8l 38k 7 A (chemical crosslinker)Ql GA (8 wt%)
€9 0.16 mL2 A7}5F1 18 h S<F 800 rpm £ =9] WHISIY
o} BSA Ui Q2E B2l 9A5H] S8 BSA Wi dt 84S
12,000 rpmOflA] 15 min 5 JHEZ S free BSA, GA
olgrgol mekel 5ot AAGISE. ol% AAH A5
o] S5 108 79 S Tk(sonication)E 7}51]
U BSA a1 ARAAZ oee Fol 810 m
2 e 44 WslE Fohis] 913 ofetg Fof 83
4 mL2 WA oA (HES EYshA 4ato] BSA U
RS AZAAT E8 GA BEo T Ueglah A4
3= Yot 7] fs &L IFoNA GA & F1E 0.08 mL
2 WHsto] APt ARE BSA Yo dAte] it 25
OTSUKA ElectronicsAt2] A4S A (electrophoretic light
scattering spectrophotometer, ELS)Z, & Elj(morphology)= Ak
ZA¢ 1] 7 (scanning electron microscope, SEM)C. 2 3HE5}%
Th BSA Yl YA} B2 o]50] F2F AFS 918l -55 CoflA
48 h 3¢ 24% & Y4 Husiqih

oo HI w&

2.3. 2=l

F4014 BSA thegAiot AXSl A9E Fohur] gigt 4
ojlA] 0.02 M sodium phosphate buffer (PBS, pH 7.4)& &%
Moz ARESIYTE PBSE 0.0151 M Na,HPO,2F 0.0049 M
NaH,PO, - 2H,02 A9t HCl (6 Ny&Ho = pH 7.47}
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Figure 1. Amoxicillin Calibration curve. (a) In sodium phosphate
buffer (PBS). (b) In acetate buffer.

A AT ¥ o3t W BUE ST OHHIolN BSA Legl)
ob AX9) A 2A] U Ao 002 M acetate
buffer (Ac, pH 4.005 &F5YoF ARESIYTE Ac dF5HS
0.0045 M sodium acetate?} 0.0155 M acetic acid= -4 = it
NaOH (5 N) 8422 pH 4.0704] 2733t & o7} 9l HE| Qi

2.4, AX BEAHEM

LA oo

PBS (pH 7.4) &= Ac (pH 4.0) &350 828 0T &
E(0~500 pg mL )] AX-EHMES Axsl Z+ 8HO] 280 nm
FHEE ot EHATAE IS H(Figure 1). 38
LA+ BioDrop (biochrom, UK)S AR5} Tt.

2.5. BSA LI Xt AX 5%t

BSA UYLJZHBSANP)2} HH3t Lol AXE &
BSANP-AX GHAHTH) = 94 2HNA &2 st
22 F 459 AX FFEA =280 nm)ZFE F2EA|
2 AX ZEFZ ARG FojH AXQ] oA AX ZHE
F2 #] BSANPO] S2Hd AX9] 2 4bsalct. AX &-A(Th
Z+1), BSANP §H(H272)S HEFOE ARSI tix
2= A3 vl &2 EE XA (background subtraction)s}
7] Yol 2= ATt AR AR o2t 2ok A 1 mg
mL"' BSANP €9 | mLo] 2 mg mL"' AX €9 0.03 mLE 3
7koto] Azttt x> &5 1 mLofl 2 mg mL' AX
L9 0.03 mLE F7}519 1 R 725 1 mg mL' BSANP &
A 1 mLof] &5H 0.03 mLE H7Isto] A5ttt BSANPE]
AX &2 R 9o 2+ 84S 37 C, 200 rpm2] Zg vieF
719 30 min 5 FQich ko g 7+ 8 25 T, 13000
rpmof| 4] 15 min &<t HHEZAIZ T AT A5 1 mL W
n|&go] ZE U dA = AASH] 98 25 C, 13000 rpmo]l 4]
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Figure 2. Preparation of BSA nanoparticles.

DI water
Supernatant

10 min 5 T4 YAEESATH A5 0.5 mLE ko] b
T2 AX SREE 24 § AX BEAATHo2NY F2E

3.1. BSA LI IAF M= & Hlw

Figure 20| HAE FA}o] whe} ot E/0g-E& FajH],
GA % 2794 BSA Y YJAE ARSI BSA7L &
25 #8Ho] FEujA] oS HXH o2 H7IStH BSA
+ T3 SH(supersaturation), 93 AJ(nucleation), TOA|ZH|o|E
(coacervate) P4 TAE AXH FFHOE H-o AEe|E|o]
Ui dAE FATTH(Figure 3(2)) [19]. -2 7} HlEo]
BSA =R} FA4o] HlA= @S LotEr] Yo BSA &H
(S)T olEHZMNS)9] =3 |8-HE dElstae o YAEE=
BSA Uk YAte] 715 FARPIEAR 574 & H|Wsklt
(Table 1 and Figure 3(b)). O[€h-22] FZ {47} 66% (v/v)<l
Reaction 11974 3AJ= BSA U= X}9] 37]= 168.9 nm, &
A7} 80% (v/v)Q] Reaction 18] BSA Y=JA} 7= 158.6
nm=zA ZEGuiA] H7R7F 22 A2 AR FAEEHAST
T BAR] $x(polydispersity index)® THer YA 2719 4+
dE olet= &2H] 80% (v/v)Ql Reaction 194 & 313
o} ghd, ofghs B8t & F71E= GA= @] oyl
T1E(amine) 7o FHEATE Bt 7HuARA AHHT
2 (shear stress), 3]4J0] 2Jgt AJE-3f(disassembly)ZE-E| BSA
Y29l AT 5E/d(homogeneityye 74T
A4 QITH20]. AAIZ, GA 7t glo] 4% BSA YAt
(Reaction V)= GA9] ]3] 9Hg3le BSA LA} (Reaction I)
of vlsh F7He YAA7] A thEARA S UERA QI Reaction
19] AR5 7457 f18te] GA 7} 5ol W& BSA
YAt 27] 4 5548 vkl GA 555 dRte =
& - %(Reaction 1) JAF 2719] HSh= v]u]sit ThAbA]
= 959 MAE= it BEE oo 22 ANE
Qsto], bgst FASE 2719 Yl YAt ARE At HH
ZAL e 23H] 80% (v/v), GA = 0.0322 ZHE
T} Reaction 11, 11194 FAIE BSA Y=YJR9] FEIE FAF
AAH|F(SEM)L. & 5 th(Figure 4). BSA W QA=

Ool-)]

ROl
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Table 1. Comparative properties of BSA nanoparticles produced at different reaction conditions

Reaction S/NS* GA/BSA Average diameter . A
condition V) (Wiw) (nm) Polydispersity (%)
1 1/4 0.064 158.6 9.1
11 1/2 0.064 168.9 21
111 1/4 0.032 163.8 0.46
v 1/2 - 205.8 27
S, solvent (BSA in distilled water); NS, non-solvent (ethanol)
(b) Reaction 1 Reaction II
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Figure 3. Analysis of BSA nanoparticles. (a) Picture of BSA nanoparticles solutions (Reaction I & IT). (b) ELS graphs (Light scattering
intensity Distribution vs Diameter) of BSA nanoparticles solutions (Reaction I to IV). Reaction I : water/ethanol=1/4 (by
volume), GA/BSA =0.064 (by weight); Reaction II: water/ethanol =1/2, GA/BSA =0.064; Reaction III: water/ethanol = 1/4,
GA/BSA =0.032; Reaction IV: water/ethanol = 1/2, GA=0.

7t =2 A AXE 2 FAYAR =Y5tIch WA 280 nm
ool A AXS] FEolEHQ FFEE HEOE 0~500 pg
mL! SEP7e] g AX EEAATAE EARORA
AX HEe S8t chFigure 1), TH-O2 BSA WieQlxo]
AX F252 7HiA] GA Agsko] e gt #Hd4
#folo] 93 Aolek 714 Shol, BSA L= dAo] el Az
& AX S2ee wARE @A) oet Aot Figure 5). 1L
=T GA 25 BSA U-YX(Reaction N2} A5 GA Az
% BSA = AKReaction 1N AX S2FFS ZA(pH 7.4)
Aol A 22t 0, 103 pg mg' 22 E Xjo|5 Erh(Table 2
and Figure 6). SFAMJ(pH 4.0) 274 & e QAke] AX 52
o o4 SU1ste] 42t 1.4, 124 pg mg' & YERGoY 1 A}
> j ol= 7} R oJH35] A5k GA A2H BSA YdA7t
Figure 4. SEM images of BSA nanoparticles (Reaction II&II). AdAoR =2 5= HTKTable 2). o]t A= GA
o ka3 GUESA DI Reion Aot A LA TS & P

A& Ul AL @Ug PG oAl o] shiel

2ol 4l(lysine)®] oF17|(NHy)o BR2FOE Jtug FA

THE R A5l 150200 nm B ol SR FUE oy vo)10) opuirlis 54 R 4v 2ANA T o]

R

BEAR SHARE 71 Al AR HIHNHE Rofste 70 7] 59 Sfol sttt s
. % GA A2 2 BSA LeQia st masle F4(H 74
3.2 BSALRcRIXtel AX E2S 87t H eAetE Wi AXel] 0|28y Jmabgol oksErh2i).

BSA WAt A F2s2 B7P] s A Wk HH, As = GA A2 BSA W= UAK(Reaction 1= FAI5}



1 Experlmental group BSANP+AX)'

2: Control group 1 (AX+Buffer)

3: Control group 2 (BSANP+Buffer) Supernatant
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Figure 5. Measurement of amoxicillin adsorption on BSA nanoparticles.

Supernatant -

Residual AX
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Table 2. AX adsorption capacity of BSA nanoparticles (BSANP) at

different pH
q BSANP (reaction I) BSANP (reaction III)
P ng AX per mg BSANP
7.4 0 10.3
4.0 14 12.4
(@) pH 7.4 (BSANP : 1) (b) pH 7.4 (BSANP : )
0.2 0.15 e 0.130
0.125 7 =
0.15 -~ 0.129
L 0.1
0.1
0.05
605 0.000 0012
0 T 0
1 2 3 1 2 3
(© pH 4.0 (BSANP :I) (d) pH 4.0 (BSANP : II)

0.15 0.135 0.132 0.15 0.135
= : 0.116 =

0.05 0.05

0.005 0.005
0 T 0 &
1 2 3 1 2 3

1: Experimental group (BSANP+AX),
2: Control group 1 (AX+Buffer),
3: Control group 2 (BSANP+Buffer)

Figure 6. Absorbance data of experimental group, control group 1
and 2. (a) BSANP from reaction I at pH 7.4. (b) BSANP
from reaction IIl at pH 7.4. (c) BSANP from reaction [
at pH 4.0. (d) BSANP from reaction III at pH 4.0.

o= 39 ofvlZ]9] $7F AiF oz wol AXeL] o] &
2 gzo] o 93t AoZ Holrh22]. sHH FAHI(pH
4.0) 3404 AXE QFZE o] (zwitterion) 0.2 EA5H &%
SH(net charge)= 0°]tt. whebA] QFibd S04 BSA L YA}
o} AX 7to] F&L o]2 AsAgHIE ARAET o)
Fod Zoz Helrh AAZ 4 oA AX 50l A
2H9E 1% GA A2E BSA Ui Y AKReaction 1)= FAHA
ZA0A AX T&5S Bt SuSAE, AXS} BSA Y9
A} 7t o] AF5Akgo] uokgl ok RANME AT GA
A2)5 BSA R (Reaction 1y %% GA E BSA
U Q] K(Reaction 1) 8] 9v] &2 F25-2 H Y} o] 2 HE
o] ZtuA7E BSA YedAd Eyo] BadE A9, Axe}
BSA U} AFS2gof AA| Aol (steric hindrance) 2 75]'—9-’5}
L F20] 7Hsatth oA E=ojEgi%o] 7tuA|9] AR

o e

g4 I8 HegAE ol 8o A FF 59
BSA iAo 3719 44 AolE 915) BAHe Qo]
A5k % GA A2 A BSA LRegIAre] AX B3 A9
T ooz A A2 s=g dof gttt 249 GA A
o SRt gAAe] Besterd 4o met ety 4 Utk

Ho EE ARRRE AXS AN I ATE BH
A7 o B E Q23] Al ¥ (activated carbon), 1
(graphene) AGo] TAA 2AZH 2 o] 2] FRoSLH
(Langmuir isotherm)©. 2 &A% AX HJT252 10~400 pg
mg' o] ExEo] Qt E3H TAA AAQ Ealsiehy
EA4 Qo= pH, 2%, Z/E Fojgk(dosage) 59 & 94
S &5 I vAE AoR A QrH24,25]. &
AT A2 BSA WeYAH= 20714)9] ofn|ieito @ T
A= A EZ(biopolymer)Z A EAJEtH T AR trofst 7s
718 ZEFstaL 710 L= Foig] whet =53 AX F2F
FE HY Ao AT T AX 9] gt Ao
diet §2 A7 Bl B PAA SAAZA BSA Lhed
Aol AL A5 Bast Uk

4.8 =2

PYA gl S71el wet st wiEEe w3
SEIFE WA F7koHe Aol Al =2E AFA=
A 2, 3] dhg|Elor 29 59 Yelo] B glof avt
Hel FAA BF % AA 71Eo] Bad Aol

E ATE JEA 99U BSAS A FHAR B85
7] I A=E FI U FA T2 8% Fhist 2 gold
242 919 ofdhe 28uishd B GA ZkmAl] 9% et
ASHE BSAY et P4S FEath BSA tiegiRt]
371 g A7t BE B 7tuAe] sk & JTFS
WA QER 155~ 170 nm HS] WollA] Ao 4 2]
9 BAL 80% (viv) oeHE, BSA W ©e Ag
(mg) 0.032 mg GA 7HilA] Xg] 2N L53] $<3ct
YA AX] gk BSA e dAte] F252 GA s 2
pHol &9l Aurt $A k. BSA YAt 4R
oMY 2N 9L AX FAEES BACH, ABE GA
Mxﬂi A detltel Wk GA 7hiA Aetzs

3 AX F5S EA A S22 BSA WAt &
%’4 X‘%*‘;*(mg) 124 pgo] AXE 2 ‘ﬂﬂc’*q
d At

o] mEe RATHskE 4&%oste
o A7

A1) 201940 l5}
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