As
CHAPTER 5 A

CHARACTERIZATION OF DISULFIDE-LINKED GOLD NAWRTICLES

AS GOLD NANOPARTICLE-BASED SENW
5.1 Experimental .\d,
X

S
4 i

5.1.1 Materials Y’ \ Y}’

The performance evaluation studwrie H& tandard, while

sodium chloride (NaCl) and dithiothreitol (B TT).wer

All chemical used was obtained fg%rckn@%v,

5.1.2 Linearity \
N
Linearity study, theznsor used di iqn@CG standard, ranging from 0.1

e anz

: '3
to 0.5 ppm of HCG. hx Si {1 e usin&‘lj@’o ul of every concentration of HCG
standard with fi&. mIsof P-b sensor and analysed using UV-Vis
\ | O . .
spectroscopy.@, relpoﬁse Jthe (fmsor to the amount of HCG in solution were
plotted ina plo}o absor nc@fsus concentration of HCG.

4
5.1.&\sitivity \L}'Y.

\ensitivity of sensor were studied by determining its limit of detection (LOD)

(o]

for_selectivity evaluation.

ndvlimit of quantification (LOQ), which calculated using the equations below in

icrosoft Excel (Microsoft, USA) software.
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Olinear plot

LOD=3.3 x
Myinear plot

LOQ ~ 10 x Glinear plot \‘ S
MYinear plot %

WhEre, Giinear piot IS the standard deviation of the linear plot, and myjpe,, ploAhe gradient

of the linear plot. \3
514 Selectivity Y’

Determination of the selectivity of the sensor w, ingy erfer nce study
adapted from Muhammed Maasus (2019). The integference’stu rn&d\Gm’ by
analysing the optical response from 2.5 ml of sensOrmixed Wlt 100 plof 0 HCG

without interferent added. Then, 50 ul of 0.1 ppw. uce mpthe sensor-

HCG mix to obtain its optical respon e V)

=

othegé ul of 0.1 ppm

NaCl was added to achieve the 100 10 Cl the

e i@on and its optical
A

responses were recorded. The pro a%t repeated mh 0.1 ppm DTT solution

replacing NaCl solution. The nce pereentage w& culated using the equation

below ,
, s
terfere A standar((<j‘{b Stest x 100% Eq 10
@ I] ndard

5§\|nearlty and sensitivity
Q The response of AUNP-GSSG to HCG as AuNPs-based sensor were measured
ila UV-Vis spectroscopy as the colour change upon adding HCG solution into AuNPs-

based sensor was not significantly visible through naked eyes. From the UV-Vis spectra
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obtained as shown in Figure 5.1, the peak shifting can be observed as changes upon

introducing HCG into the sensor.
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Figure 5.1: UV-Vis spectra of AUNP-GSSG as AuNPs*® \eMensor lang with the
optical response upon introd G ir?(? sensor solution

Figure 5.1 shows the UV-Vc' s\iectra 0 P%S %ﬁmctioning as AUNPs-

on @ddition‘of H@t was observed that the

based sensor with its optical re@

peak maxima had blue shifted b nq se to.addition of HCG. Minimal blue

&€
uroc rlet§009) as the peak shifting was
4
t

affected by the size w)l ula he t@ed molecule. GSSG-functionalized

<

ificantly Im@v rate and showing minimal peak shifting

shifting effect was als@ observed by

by

!
g‘thd'irlompounds. Usage of HCG with far more

AUNPs was fouxt ct at
when subject% |ghf-v3ei

higher Ie%r Weiﬁhbthj:t sa@\pfes used by Durocher et al. (2009) in this study
explained the minimal to no vis&b)lgz;olour change.

<

?\ollowing the UV-Vis spectra in Figure 5.1, the linear correlation plot was
tructed using the absorbance of AUNP-GSSG in presence of HCG at the selected
avelength of 701 nm with varied concentrations. Figure 5.2 shows the linear plot

constructed from the UV-Vis spectroscopy data obtained.
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Figure 5.2: Linear plot of absorbance of AUNP-GSSG ons to.hgdarsus the

concentration of H ' :\C}‘Z'
s 4 b

Figure 5.2 shows the linear plot of AUWG rq{ 0 HCG.n form of
X

absorbance versus the concentration ofcmsed. he spé} ometric data

collected from the UV-Vis spectroscoN sis, a line uncti@ﬁ y = 0.26505x +

AL
0.28679 with decent linearity (R? %77) Wﬁl\ﬁr c
? [

dés.deplct the linearity of
the response of AUNP-GSSG . In the sensitiV |t (’gct both LOD and LOQ
calculations were derive BL pect etrlc data obtained as the
aforementioned Imear% sis. L J ‘L@Iculatlons yielded the value of
0.1577 ppm (3.90 N/ml) *nd 78 pp 1.8186 mIU/ml). Cole (2015) stated
HCG can be @s low
sensor cap tect the |

N
studles p ven tJ S8 bot@e linearity and sensitivity of the functionalized

S

'U/rr@ 2021 ppm) in human body, making the

t rl'm(_gf HCG from bodily samples. Several previous

hown in Table 5. 1\"},
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Table 5.1: List of recently developed AuNPs-based HCG sensor along with its R? and

LOD value
Author (Year) Detection method Sensing moiety R? ;%%
Zhang et al. Spectrophotometry ~ Monoclonal 0.9872 0?&38
(2019) antibody 0.98
Wang et al. Spectrophotometry ~ Polyamidoamine 0.9% 0.0012
(2018) dendrimer
Caoetal. (2017)  Amperometry Monoclonal % 0.0146
antibody
Xiaetal. (2017)  Colorimetry Peptide aptamer Y% 0.6064
Chang et al. Colorimetry Peptide .98 ' 1.0107
(2014) \
3_ow concentration (0.3638 — 11.6432 ppm); ®High conc tion (11 —93.1454
ppm) Y
| S
Table 5.1 shows the performance of Au G~§t~ection in

HC
T
ecent studies

terms of its linearity and sensitivity, aloEW

shown every developed sensor resulte ecently high ki earity@ > 0.9) regardless

of its detection method or sens'r%iety.@\vex -\ensitivity of sensing
performance were shown by % pol ﬂeric nd monoclonal antibody
by Cao et al. (2017) and \ al. 20%} ‘Asing components also shown
higher sensitivity to H%md ? re L‘aslztgﬁs and this research.

5.2.2 SelectivitQ | &%

Selectc' Nx‘ the sens )ﬁas uated from the interference study by
calculatin@arcenta offinterfe of each interferent using Equation 10. The
’
w ﬁeren

entage ofinte G€is tabulated in Table 5.2.
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Table 5.2: Percentage of interference from the introduced interferent with respect to
its added volume into 100 pl of 0.1 ppm HCG solution.

Interferent Volume added Absorbance Measured Perce%gf

(ul test concentration mte%
(ppm) (%
- - 0.3171* 0.1144 .
NaCl 50 0.2852 0.0062
100 0.2462 0.1533
DTT 50 0.2145 0.2727
100 0.1977 0.3363

*Absorbance standard

Table 5.2 shows the percentage of interferenge from the interférent a

its added volume into 100 ul of 0.1 ppm HC ution. It s %d high
ce exceeding 5%,

Ianddriﬁl (2013), did

rcey\age interference also

en Hi
A
indicated the sensor would n t go de c lonc%sults from real clinical

samples, which may contain he inter if r@ﬁbth Putnam (1971) proved

interference from NaCl and DTT. High perce ge i

agreed by Harmita (2004), Muhamme\ 01 jd
mic

not qualify the sensor as a good ¢

salt content reached 14€ ppm in typl:al h zin espeC|aIIy NaCl at 8001 ppm.

Higher NaCl conten t in urip€ can v nté Wlth detecting of HCG in urine as

clinical sample Wh e, JrT bee wn to assist on myeloma treatment by
denaturing a that delayst tﬁr§1{/ drug delivery via blood transfusion.
Barrlento al. ;2 17) mentio TT was able to denature the Kell antigen and

other 3 that can ¢ useﬂa@tlctransfusmn reaction. The target CD38 antigen
I

a gh y susceptible to de%urlng by DTT without any implications onto other

ant clinical antigens. DTT also shown to cleave the disulfide bonds with higher
Oe than proteins as discussed by Durocher et al. (2009). From the aforementioned

findings by Barrientos-Soto et al. (2017) and Durocher et al. (2009), it can be concluded
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that as low as 10 pug of DTT in 50 ul solution, DTT were able to interfere with the

detection of HCG using disulfide linked functioned sensor. Aside fro

interference resulted from NaCl and DTT, the epitope of HCG did not res@adily

to disulfide linkage as disulfide linkage was not as selective as y-antigen

reaction. Birken et al. (1988) and Cole (1997) agreed that subunits offHCG responded

specifically to antibodies, namely monoclonal anti-HCG antibody. Minimal blue
X

shifting of the UV-Vis spectra was caused by thiol groups i s'tructure cleaved

the disulfide linkages of GSSG, however findings of D er etal. explained
@
- M B Ny
that heavier thiol compounds such as HCG cleave ulfide flin |tU @9 rate
compared to disulfide linkage cleaving by DT as_low eculafﬁass than

N

HCG. Therefore, presence of DTT can inteffere ereb,‘ wi etectjé\x: HCG using

AUNP-GSSG as sensor. \) é

“ &
5.3 Conclusion A%
¢ uj .S
1 3
Minimal b|U\ \‘74.5 m to (é}’nm showed AuNP-GSSG response
to presence of }\&sol

resp s of AUNP-GSSG to presence of HCG
was plotted \A‘vcent ingar EJ(UDS??) and sensitivity (LOD = 0.1577 ppm;
LOQ= Y%pm). fl ej,r, ig \cent of interference (Yinterference > 5%) indicated

Aurms was unable to bg_“gg;j for real clinical samples that may contain the
N

[ Mnts in higher concentrations.
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