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CHAPTER VI %\T

ISOLATION AND PURIFICATION OF ANTIBACTERIAL P&INS AND

PEPTIDES FROM HONEY SAMPLES i

6.1. Introduction \do X

\
| S
Proteins and peptides are found as mixture in the re wji kes lefymg these
N

compounds challenging. The purification of prot&ns an ides @npared to other

compounds like acids and volatile is no\%cau se@(vity and complexity.

Antimicrobial proteins and peptides obtaine 'éuety of sources, foods as

well microorganisms. These mol aveﬁttra mu search interest because of
their biochemical diversity, bggad mf[ | rlal anti-fungi, anti-viral, anti-
ura rI d -healing effects (Zasloff, 2002).

protozoan paraSItes and% ti-tu

4
Antimicrobial prot(?;g< pept' \y ke es in innate immunity. They interact
It

directly with bac & ? th (:,GS}Q 2002; Zhang et al., 2008).
¢
é) s’
e 0

Proteins a % %;e W v@‘or their antimicrobial activity against different
harmful rodes and that acttw;g. is dependent on their source and protein type
(Mat & Natori, 1988; Casteels et al., 1989; James et al., 1996; Xu et al., 2009;
., 2012). For example a novel protein with antibacterial activity was isolated
r|f|ed from marine bacterium D2 (James et al., 1996). A protein was detected,

extracted and purified from the skin of fish Epinephelus fario and found to have
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antibacterial activity (Zhang et al., 2008).

Peptides were extracted from olive flounder and showed to have anti gltivity
against Gram-positive bacteria (Nam et al., 2014). Flaxseed protein% Isolated and

purified from flaxseed flour with inhibitory activity to pathogenic ba8g€ria (Tehrani et al.,
2014). . Y,

Many reports have been published on detectioggmig@lation, \ur?tion, and/or

antimicrobial activity of proteins and peptides froybees (FCaste@is ’et %&989; Xu
2

et al., 2009; Ayaad et al., 2009; Ilyasov et al., 3 Ortiz‘.V Zquez etQL, 2013), but

on detection of proteins and amino c%mpom
antibacterial peptides (AMP) are ver@ortam \m(rvn

. . >
as the main weapon for bees efeflce st {E;@n
(Hoffmann et al., 1999). \ Ay é

(,a? N
Honey is a mixture and sourgg of 'fﬁ%ents including sugars, acids, volatile

compounds, and al Mn &ver ountagzymes, proteins and peptides; all those

N
contents make t@tiol, % |anﬂ—%ﬁrification of proteins and peptides are very
O
complicated& y r?sbtﬂ g d to be alternative antimicrobial agent to the
b 4

presentlz Ee ntibiotics, espe&i_gﬁ/. against S. aureus. Antimicrobial peptides from

aé(et al., 2010). The

m of the bees and serve

reports on protein and/or peptides from hon%m%‘ Mand Qqﬁ\'[;/ focused only
Iv
e
f

ul attacks by pathogens

)

natur. Nces could be used to replace the normal commercial antibiotics due to their
ility to kill the microbes with low toxicity and reduce resistance development by
acteria (Nam et al., 2014). The honey samples used in this study were confirmed to

have antibacterial activity as presented in CHAPTERS 11l and IV. Therefore, the aim of
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this chapter was to isolate and purify proteins and/or peptides and ascertain that these

peptides have the antibacterial activity.

6.2. Materials and methods

N4
S
3

6.2.1. Protein Extraction from Honey Samples Y'

Three different methods were used to precipitate the ein fr nw two of them
4
were the same in steps but different in solvents aceto d ethgnol d't@rd one is

ammonium sulphate precipitation method. Usin e a,d\ét as @ws where 30
Y'

mL of solvent (acetone/ethanol) was addw teo'Ton sam 0 mL :5 ml of

deionized water and well mixed. All thew were ke ro@emperature overnight

—
and then the precipitated protein wa %ted q&sdzt %C (BINDER, Germany) to
ﬂ% 0 )
e

remove the acetone. All the sarT\ re freeze dijed’ (LA&ONCO, USA) and kept at -

80 'C for further study. Ammvm sulghate @r cipi@n method was used by adding a
(
60 g of ammonium sulprh ﬁ‘j

—Ce

10Q gt imt% oney solution (50% with deionized

water). Then, the s@vas l‘ept oyernig 4 °C and the results were detected as

precipitation in tig® soMgionj(1and &t %leS).
Q- 7 N
& ! v): -3

S

6.2.2. %e ination of the P%tem Content using Bradford Method

Qﬁhod of Bradford (1976) was followed with some modifications as explained in
p

TER V, Section 5.2.3.
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6.2.3. Determination of Peptide Content using OPA (O-phthalaldehyde) Assay

The OPA reagent was prepared following the method described by Chur, . (1983)

with some modifications as shown in CHAPTER V, Section 5.2.4. .x

6.2.4. Determination of Amino Acid Profile of Extract Pgeins'

Amino acid composition for precipitated honey samples pWteirf was ied sz was at
\
UNIPEQ SDN. BHD, UKM-MTDC Technoénter, U rs'ti-{?ebangsaan
s b ¥
Malaysia, 43600 Bangi, Selangor. All honey saRe?w MQ lyzed 5mlof6 N

HCL at 110°C for 24 h and the hydroly@g fi erd oug@% um cellulose
acetate membrane filter. The amino a i%o i% rr&tgjt using Agilent 1100
&
D , CA, JSA)

HPLC system (Agilent Technologie Al , (@-h auto sampler, AccQ Tag

'} Q-
column (3.9 x 150 mm, 5 ul). am e subﬁﬁ(ted to automatic pre-column
A u&;j &
derivatization AccQ FI Rzgents ith p@aﬁon of amino acid standard,
E ? '3
hydrolysate (Standrad Qi cef

bile (fa®e was 100 ml AccQ Tag Eluent A
(Concentrate) with lo

membrane and ,% agfElue
temperatur%kt at 36%

Y.
Detecto%ters 2475) was 53@250/395 nm (E,/En). This experiment was done in

duplic? d mean with standard deviation were calculated.

o

watekitered through a 0.45 pm cellulose acetate
&
or(6J % acetonitrile. The chromatographic column

N . .
a fI!@‘rate of 1 ml/min. The detection by Fluorescence
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6.2.5. Sodium Dodecyle Sulphate (SDS-PAGE) for Extracted Freeze Dried Proteins

SDS-PAGE for precipitated proteins was carried out by the discontinuo gs.ystem

as described by Laemmli (1970) with modifications. Electrophoresis A led out at a

constant voltage of 120 V for 150 min using 16% polyacryla?’gel, under the

denaturing conditions. The gels were calibrated with known m Iar weight marker
(high and low ranges: 250, 200, 150, 100, 75, 50, 37, ar]d 10 kDa). Protein
bands were visualized by Commassie Blue dye staining. ulatjon determlned by
regression analysis using the manufacturer’s proce@ ’ ‘i')

¥

Yv

6.2.6. Reverse Phase High Perfor q’ oflato hy (RP-HPLC) of
Extracted Protein
e «s
C‘)
Semi-preparative  RP-HPLC s wascarr d OA% o fractionate the acetone

precipitated proteins followin eth+ of Qulrds @ (2005) with modifications. The
I

honey precipitated protein:s @r fe cH‘ olved in 1 ml mobile phase A and

9

injected into a se ep atl e C18 P- H column (9.40 mm x 250 mm, 5-um

particles, Agllen

C

Iig }4 CA USA). The sample injection volume
n

0
and concent re 50 4 g of freeze dried powder per ml. Mobile phase

4
(A W d Water contam&g’ 1% (v/v) TFA and B was acetonitrile containing
0.1% TFA. Elution was set at 0-10 min, 100% A; 10-60 min, 0-100% B. The flow
4 mL per min and the detection wavelength was set at (205 and 280 nm). The

s were collected in 6 ml vials then transferred to deep freeze at -80 °C using 50

mL Eppendrof tubes to remove mobile phase A and B. Each fraction was freeze-dried in
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two stages; each stage for 48 h to fully freeze-dried the sample. The fractions were then

dissolved in 500 pl sterilized deionised water, filtered using 0.2 ul syringe @nisart

RC 4, Sartorius stedim, Germany) and tested against target bacteria in QE%microtitter

<

6.2.7. Antibacterial Activity of RP-HPLC Fraction%mr tlter Plates Assay
llow i

The method of Magnusson and Schnurer (2001) was o) ddjf\'qations as
| &
described in Chapter I11, Section 3.2.8. =
4 b 4§
Y' \ N
V Y'

O 19 o
6.2.8. Peptide Content of RP-HPLNCUQ OIQ(O-phthalaldehyde)

plates.

—9

“

77
&

g
Assay 0 N,
o
The OPA reagent was prepare@agsSenti I%erib@y Church et al. (1983) with
FCt 2.4,
&
6.2.9. Sodium l%yle ha gb GE) for Freeze Dried Sephadex G-50
Fracth
(Q ‘v’

\
some modifications as shgwn i APTER ‘
) 7S
SDS-PQM freeze dried S ex fractions was carried out by the discontinuous

buffe% m as described by Laemmili (1970) with some modifications as shown in

@1 1.5, CHAPTER V.
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6.2.10. Statistical Analyses

Mean, standard division, percentage of inhibition and ANOVA analysis wgre Ogried out

to determine statistical differences (p<0.05) using Minitab 16. :%

<

6.3. Results Yv

6.3.1. Protein Extraction from Honey Samples \d
L

Ng
Protein in honey samples was successfully precipi using acgto u’nck mmonium
s o
3 ne:h

sulphate or ethanol (Figure 3). Using 2:1 (10 LNQ : o@ 50% diluted)
produced protein layer as shown in Figur%w recQ tion from samples
H027 (Manuka honey), H030 (Acacia m HQ@Q

honey) were higher than the othe% , V\“l%p
31

'} Q—
honey), H026 (Tualang honey)& (ACagi onqﬁﬁﬁere very low even after 48 h

of incubation. =
fincub (')Y' \:, J Iéo S

ob]

ia rl& ) and HO35 (Manuka

N

q».m samples H020 (Hannon
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Figure 3: Extracted protein from honey samples using acetone precipitation

. .
2 9
O
; S

6.3.2. Proggin¥ Content of FE%QX' Dried Acetone Precipitated Fraction using

\
‘$aford Method

Th tein content from precipitated honey proteins ranged from 1.14 to 1.579 mg/ml

oy

(Table 27). The highest protein content was from H026 (Tualang honey) and H031
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(Acacia honey) with concentration of 1.579 mg/ml. Samples H028 (Kharroob Honey) and

H027 (Manuka Honey) showed the lowest protein content (1.140 and {Q mg/ml,

Table 27: Absorbance reading at 595 nm of Bradf@:rd

(BSA) using Bradford metho

respectively) as shown in Table 28.

No. of Concentration of

standard BSA (mg/ml)

1 0.0 0 4)” _\g}
2 0.2 08 ¥
3 0.4 \,Y'W\v 43'
4 o@{ﬁ - 3086«
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Table 28: Absorbance of honey samples and protein concentration
using standard formula (Y=0.5259x+0.0029)

Sample Absorbance Concentration of \Y'
code at 595 nm protein (mg/ml) %
HO025 0.811 1.537 A

HO026 0.833 1.579 Y.

HO027 0.681 1 V

H028 0.602 ﬁ- '

H031 0.833 1.579
"X
H032 0.719 1.36 | (}
HO035 0.779 LA7 =
N

6.3.3. Peptide Content of Ac@e\x dTp &tﬂgs using OPA (O-

phthalaldehyde) Method 0 C;'

N

Q/
The glutathione standard wa y rrel e WI e concentration used with R*=
0.9915 as shown in Ta% and

o & endlx 3). The peptide content of
precipitated protein s }swas talc ted us@e standard formula (Y=0.2924x+0.01)

and the peptide § "(] t mM/mI equivalent to 0 to 1.019 mg/ml
(Table 30). 026 Tu anjg h ) contain significantly higher peptide content
4
he

than other S amples. {e@content of sample H026 (Tualang honey) was 3.32
0

mM/ mg/ml), followe\by sample H032 (Acacia honey) with content of 1.93

0 593 mg/ml). The sample H035 (Manuka honey) showed the lowest
%traﬂon of peptide which was 0.06 mM/ml (0.018 mg/ml). Peptide was not detected

in samples HO27 (Manuka honey) and HO31 (Acacia honey).
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Table 29: Absorbance at of Glutathione standard using OPA assay

No. of Glutathione concentration Absorbance
standard (mg/ml) \

1 0.0 0.000 f;)
0.2 0.03A

0.4 0.1

0.6 N

0.8 Wli

1.0 Fu»
~
(NG
Table 30: Absorbance of honey samples and pepg ncs@ sin dard

(o> BN 2 N - CC B \)

formula (Y=0.2924x+0.01) X
Honey sample Absorbance &Concentration of
code at 340 nm peptide (mg/ml)
H020 0.00 0.000
H025 0.36 % 0.396
H026 0.9 \ 1.019
HO27 @? 0.000
H028 \02 ' 0.239
HO030 &.93 0.991
HO31 Q} ojpo* 0.000
H032 Q’ 55 0.593
oty
HO035 01 0.018
&
- -
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6.3.4. Determination of Amino Acid Profile of Extracted Proteins

The amino acid profiles of the extracted protein varied with honey sa bles 31
and 32). The total amino acid concentration in decreasing order was As&h ney (HO30,

2.670 = 0.580), Manuka honey (H027, 2.170 + 0.080), Alseder hWHO% 2.165 +

0.841), Kharoob honey (H028, 1.830+0.280), Acacia hon , 1.670 = 0.270)
Tualang honey (H026, 1.610 + 0.170), Manuka honey ( S(i + 0.290), Hannon
honey (H020, 1.440 = 0.045) and Acacia honey (H : Amlno acids

alanine (Ala), proline (Pro), lysine (Lys), isoleuci@and legci LJu S detected

present in all precipitated honey protein samp mp Tua'lazg honey) and
Yv
HO032 (Acacia honey) had comparable am Ntotaﬁmi acid ich were 1.610 £

0.170 and 1.670 + 0.270, respectlvely T e of essentg alemds was not equally

distributed among all honey sam p nu &ytse amino acids varies and

range from eight in HO30 (Aca Y), S [ OZ&‘&eder honey), seven in H028
(Kharoob honey), seven i Hma ulga ho § in HO35 (Manuka honey), six in
H026 (Tualang honey), five ] HO a @y) five in H020 (Hannon honey) and

three in HO31 (Ac&o ey G ic @Glu) valine (Val), leucine (Leu) and

phenylalanime (@re dst ’Aanﬁg(')mmo acids found in sample H027 (Manuka
O
honey) Wlt% S 0,1 1

041434056 + 0.003, 0.086+0.006 and 0.122 + 0.004,

Y.
respectlve!h \C)V

N
S

‘\



Table 31: Amino acid composition of precipitated proteins from honey samg{& '

Honey samples (')

Amino acid H020 HO025 H026 H027 H028

Hydroxypoline 0.000£0.000  0.000+0.000 o.ooow_uo.%c;?' 0.000+0.000  0.0000.000
Aspartic acid (Asp) ~ 0.000£0.000  0.074+0.059  0.000z 0.000+0.000  0.054+0.048
Serine (Ser) 0.052+0.009  0.219+0.237 o 05 % 0.127+0.068  0.083+0.026
Glutamic acid (Glu) ~ 0.000+£0.000  0.000+0.000 000 | 0,191+0.114  0.000+0.000
Glycine (Gly) 0.000£0.000  0.366+0.328 0 186+0.001  0.167+0.040
Histidine (His)* 0.0004£0.000  0.000+0.000 o+o f p +0.000  0.000+0.000
Ammonia (Nh2) 0.148+0.021  0.190+0.012 80+0.q6 0+0.014  0.157+0.042
Arginine (Arg)* 0.0004£0.000  0.000+0.000 0azd. 0'076+0.003  0.010+0.010
Threonine (Thr)* 0.007+0.001  0.043:0.049 0. ; 4&)’ 010+0.0003  0.014+0.0004
Alanine (Ala) 0.038+0.003 0.032¢o.d§' 0 0.032+0.020  0.080+0.034
Proline (Pro) 0.039:0.002 0.0251'&0% 0.03520. o® 0.046+0.0052  0.079+0.052
a-aminobutyric acid  1.000:£0.000 1.00%8 0 \308 1.00040.000  1.000%0.000
Tyrosine (Tyr) 0.000£0.000  0.02&¢0) %Ayo 0ﬂ§. oo 0.020+£0.003  0.000+0.000
Valine (Val)* 0.029+0.003 %%i . $2¢30.0004  0.056£0.003  0.035£0.003
Methionine (Met)*  0.000+0.000 _0.085+. 0, éo:ro.ooo 0.000+0.000  0.000+0.000
Lysine (Lys)* 0.020£0.0 030+0.308 | §312¢o.006 0.016+0.001  0.013+0.009
Isoleucine (1le)* 0.03320. oo(&‘)) 0232Q.086¢ ¢, 1066+0.000  0.045+0.006  0.062:+0.036
Leucine (Leu)* 0.03320 0 1019C70.02050.004  0.0860.006  0.03740.004
Phenylalanime (Phe)*  0.037+%/ 00K> 0.097+0.003  0.122+0.004  0.032+0.001
Total amino acid 1.44 N45, ), 1.610£0.170  2.170+0.080  1.830+0.280

(

*Results are stated as me ‘? daf(mg\ﬁ (sd)
e

*The amino acids Wlth

N
N

ssential am\@} acids

97



Table 32: Amino acid composition of precipitated proteins from honey emas*
&

Honey samples -

Amino acid HO030 HO031 ‘_,%032 HO035

Hydroxypoline 0.000+0.000 0.000+0.000 0%00+0.000  0.000+0.000
Aspartic acid (Asp) 0.506+0.590 0.000+0.000 .155+0.004  0.000+0.000
Serine (Ser) 0.117+0.034 0.000+0.0 O 037+0.034  0.034+0.049
Glutamic acid (Glu) 0.135+0.008 0.000+0.00 d063+0 063  0.000+0.000
Glycine (Gly) 0.209+0.040 0.000+0. +0.000  0.000+0.000
Histidine (His)* 0.000+0.000 O O O 0.000+0.000
Ammonia (Nh2) 0.154+0.002 : - 0.151+0.010
Arginine (Arg)* 0.069+0.020 : 0.( o _o ooo 0.112+0.150
Threonine (Thr)* 0.044+0.013 &\gmoio.ooo 0.000+0.000
Alanine (Ala) 0.076+0.040 051+0.043  0.032+0.015
Proline (Pro) 0.071+0.080 (0.041+£0.028  0.025+0.017
a-aminobutyric acid 1.000+0. OOO &\ 1.000+0.000  1.000+0.000
Tyrosine (Tyr) 0.023£0.00 q| 0.000+0.000  0.000+0.000
Valine (Val)* 0. 053+0 0.028+0.016  0.016+0.023
Methionine (Met)* 0.000+ 0.000+0.000  0.000+0.000
Lysine (Lys)* 0.0120: , 06 0.021+0.002  0.025+0.016
Isoleucine (lle)* 0. 06% 8 006 0.044+0.036  0.023+0.016
Leucine (Leu)* 0.0§3+0.0 \ +O 001 0.034+0.028  0.020+0.029
Phenylalanine (Phe)* @6_0 OJ_rO.OOO 0.036+0.025  0.009+0.013
Total amino acid @ $0, [ 0}29010.027 1.670+£0.270  1.450+0.290

P4 Py
*Results are stated as * stj;\rlja ,je\ééi' on (sd)
*The amino acids wi are esgential &mino acids

3
N
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6.3.5. Protein Profile for Freeze Dried Extracted Proteins

The presence of proteins in freeze dried extracted protein samples were f d using
SDS-PAGE (Table 33 and Figures 4 to 6). Both protein bands and %s of different
molecular weight 9 to 116.5 KDa were detected (Table 34 and Ws 4 to 6). The

highest number of protein bands was eight from sample HO2 seder honey) with

molecular weight from 9.80 to 116.50 KDa, followed by ;nds'from sample H032
K ME bgw_ds were

obtained from sample H026 (Tualang honey) wi%ular ei o' 1_&‘0} to 90.60
0

(Acacia honey) with molecular weight from 9.00 and

J

gk( a hog;) and H028

KDa. In contrast the extracted protein from sa

Yv
(Kharoob honey) showed only two bands 02. ile s&l&es HO031 (Acacia
honey) and H035 (Manuka honey) sho ly Q pr n.bk@ for each (86.90 and
90.60 KDa). % A S
% o S
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Table 33: Molecular weight of the marker used with R¢ calculations

Band Molecular Log of Migration distance
number weight Molecular of unknown \

weight protein (cm)
10 1.00 7.50 : s‘ 3.85
15 1.18 7.00 0.80
20 1.30 6.00 Y. 0.68
25 1.40 4. V 0.57
1.57 &. 0.48
50 1.70 & (d 0.39
75 1.76 .90 s ®
100 2.00 é 2.30 | A026
150 2.18 24 N 0.24

© 00 N oo o B~ W N e
w
\‘

=
o

ange of molecular
weight (kDa)
9.80t0116.50

10.00-57.10-90.60
86.90 - 02.70
83.30-102.70
86.90
9.00-83.30
90.60

wn
—
@
o
=
o)
S
@
<
w
)
3
=
@
w

~N o o0 AW N
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Figure 4: Freeze-dried precipitated proteins from honey samples using SDS-Page 16%

gel with 10 to 250 kDa marker

Figure 5: Freeze-dried preC| i
gel with 10 to 250 kDa

kDa
250
150
100
75
50

37

25

20

15
10
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Figure 6: Freeze-dried precipitated proteins from honey samples using SDS-Page by
16/10% gel with 1 to 26 kDa Marker Y'

kDa M  H035 H032 H031 H028 H027 H026 HO

e

26
17

14
6.5

3.4
1.0

6.3.6. RP-HPLC of Extracted S L

Five precipitated protein tmp were gelec or er characterization. The protein
from honey samples H025, H826, ﬂ@ O’ﬁﬁélﬁd HO035 were selected based on their
0). ﬁ@(PLQ thod was successful in separating the

|
fractions and th \ vfs Vg B a samples (Figures 7, 8, 9, 10 and 11). The
first peptid%kn appe
P

time. T
the@togram. Sample H026 (Tualang honey) and H032 (Acacia honey) showed

peptide content (T

/7

r in followed by other peaks until 60 min elution

Yv

redgaft
b 4

es contain a mix of peptides as indicated by the number of peaks in
\ase

% eaks at 10 to 50 min, HO25 (Alseder honey) showed peptides peaks at 10 to 40
y samples H028 (Kharoob honey) and HO35 (Manuka honey) were between 10 to 60

min of fractionation time and the peaks were not well separated (Figures 9 and 11). The
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peptide fractions of H025, H026 and HO32 tended to be well separated under the

operating conditions used (Figures 7, 8 and 10).

¥
0

Figure 7: RP-HPLC fractionation graph of sample H025e<tr’ ed protein

¥
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Figure 8: RP-HPLC fractionation graph of sample HO26 extracted protein
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Figure 10: RP-HPLC fractionation graph of sample H032 extracted protein
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6.3.7. Antibacterial Activity of RP-HPLC Fractions from Extracted Honey Proteins

using Microtiter Plates Assay \i

Evaluation on the antibacterial activity of RP-HPLC peptide fractions E@i that some
fractions showed no inhibitory activity while others showed total i fon of S. aureus
(Table 35). Fraction F4 from samples HO25 (Alseder honey) an 5 (Manuka honey)
presented the highest percentage of inhibition (100.00 % )gNgllOwed ry fractions F2 and

F3 from H025 and HO35 (Alseder and Manuka honey), ectiv Iw and F4 from
(3
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Table 35: Percentage inhibition of RP-HPLC fractions against S. aureus using microtiter

plates assay
RP-HPLC Percentage inhibition (%) of RP-HPLC fractj {
Fractions H025 H026 H028 H032 &)HOBS
F1 73.84 65.08 68.40 95.59 86.97
F2 98.96 97.69 97.04 98.31 98.05
F3 98.71 96.41 98.25 97.%’ 98.51
F4 100.0 79.92 82.76 18 100.0
F5 73.58 76.59 88.68
F6 59.79 70.97 70.75
F7 52.70 69.56 69.97
F8 54.63 61.38 65.1
F9 55.41 50.76 70.93
F10 55.41 21.22 69.
F11 53.09 49.48
F12 49.74 47.69 61.
F13 55.79 55.24 :
F14 55.28 47.31 g.27
F15 60.18 47.57 \&8.84
F16 61.46 43.9 Co 65.10
F17 61.08 46.1& .32
F18 60.95 31@5)
F19 61.08 %6 o .
F20 57.98 . 6328
F21 24.35 .36

F22 52.06 41 66.6
F23 48.3 53.0 (46!
F24 54.51 45.0 2 56
F25 52.& R\ 0
NS S
NN (?(J
6.3.8. Peptide %ent if Sl ractions using OPA (O-phthalaldehyde)
Ass%k “V)

&

X
The gl ne standard curve @"straight line with R?= 0.9915 as shown in Figure 37
(A@!). The peptide concentration assay showed the variation of peptide contents
a he fractions (Figures 12, 13, 14 and 15). The peptide content of RP-HPLC

fraCtions of honey extracted proteins ranged from 0.0009 to 1.004 mg/ml. The highest

—

=Y

ha
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peptide content was shown by fraction F7 from sample H032 (Acacia honey), while the
lowest peptide content was shown by fraction F21 from sample H025 ( emney).
Fractions F3, F4 and F5 from sample H026 (Tualang honey) showed&w content of
0.957, 0.850 and 0.608 mg/ml, respectively. Fractions F2 and F%n sample HO028

(Kharoob honey) contained peptide but in lower amounts, % nd 0.128 mg/ml,

respectively. V
Figure 12: Peptide concentration of RP-HPL@Jractions fth\%?:%, roteins
from honey sample H025 using stan ofmula (§= 20xA001)
% i

0.14

0.12

0.1
0.08
0.06
0.04
0.02

M Series1

Peptide concentration (mg/ml)
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Figure 13: Peptide concentration of RP-HPLC fractions of the extracted proteins
from honey sample H026 using standard formula (y=0.2924x - vb

1.2

1

0.8

0.6

0.4

0.2

Peptide concentration (mg/ml)
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Figure 14: Peptide concentration I xtracted proteins
from honey sample HOZSW *2924x - 0.01)
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Figure 15: Peptide concentration of RP-HPLC fractions of the extracted proteins

from honey sample H032 using standard formula (y= 0.2924x - 0.0
1.2 c
1 . s
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0.6 -
0.4 - M Seriesl
0.2

0
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6.4. Discussion

S

There are limited studies on the extragtion, puri \nqvwd c}éﬁfication of protein from

\,
honey, which could be because @UW fhou pr s in honey (0.4 to 0.5 %)
&
(NHB, 2003; James et al., 2 Mbaf 5 13),~q}the difficulty of extracting the
co

proteins from high osm% nd til‘ %@x@cture of honey. The ammonium

sulphate precipitatio@of tfle ecog‘n\éd methods used to extract or isolate the
t Sou (Q

proteins from diffi

¢ (a)
current study q as)ot syita rﬁc@y protein extraction. Based on previous studies
ammoniu te W£ extgart proteins from sources such as milk and bacteria
- - - V - - -
metab ich are rich in “chBtelns (Imdakim et al., 2015). Honey protein was
pr%d using ethanol and acetone and it was observed that acetone could precipitate

@proteins (Figure 3) but not ethanol. However, Alvarez (2010) successfully used

ethanol, methanol and propanol to extract the proteins from honey samples.
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The proteins content in freeze dried extracted samples varied from 1.140 to 1.579 mg/ml

based on the honey sample as determined by Bradford method (Table 28). @oney

(H026) and Acacia honey (H030) samples showed the highest conce r&@ of protein
est z!

(1.579 mg/ml), while Kharoob honey (H028) showed the I 140 mg/ml)
concentration compared to the other studied samples. Alvarez (2Q10) Shecked the protein

content using the bicinchoninic Acid (BCA) method of th exw proteins from honey

samples and found that the protein concentration rang .2\33’3&6 pg/ml. The

higher value for protein was obtained in this study, fQich could be e’to.&a,gaifferent
A

methods used or related to the type of honey samples? 2 Y-

N
Yv
plan'é}Ioral, season and
&

pepl®5 was not detected in

In fact, the chemical composition of hone mgs.o

bee. It was observed that not all honeyﬂed @id
samples HO20 (Hannon honey), arg%}

@;H%l (Acacia honey) but
. : “ Q&
present in variable amounts in & oney (W 30). Sample H026 (Tualang

honey) showed the high gept nter, (1. | r@ and the lowest content was at
0.018 mg/ml from sample H (l% e ompared to the other honey samples
extracted proteins. @on H and £932 showed peptide content of 0.991 and

N
0.593, respectiv@at mbst laﬂlsh&l%v)ork (Alvarez, 2010; Chua et al., 2013; Chua

O
et al.,, 201 %{ed}hbﬂe ce@proteins by SDS-PAGE without looking into
b 4

peptides. .N;is udy, however, f r characterized the amino acid composition of the

pepti m the extracted protein.
S

acids are the compounds that proteins and peptides are built from, the number and

type of amino acids is responsible for the final structure and functional properties of the
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protein/peptide. Reports on amino acid composition of honey were relatively few except

those repoted by Cotte et al. (2004); Von der Ohe et al. (1991) and Iglesia{q. 22006)

and, none from honey obtained in Malaysian and Libya. :%

The amino acid profile for all precipitated proteins from honey swm alanine (Ala),

proline (Pro), lysine (Lys), isoleucine (lle) and leucine (Leu) weMyfresent in all honey
isti

samples studied (Table 31 & 32). However, hydroxypoli ljine (His) were the
only amino acids that were not detected in all precipi pro eiw.ne%s_amples.

Methionine (Met) was not discovered in all ho ples gxc i’n_sé}ple H025
(Alseder honey) with amount of 0.005 + 0.00 0 g& ghest\g.mposition of

Yv
amino acids was detected in sample HO cia ﬁ‘)n 2.612%0.580 mg/100g)
compared to the other checked protein sa . era ar@s of total amino acids
(610 £0.170 and 1.670 £ 0.270 m W‘e\r%ty %l"@'ein samples from Tualang

o
hon@OBO) contained the highest

honey (H026) and Acacia hon\ 32).
ZS-éTSeder honey) was the richest in

amounts of aspartic acid nde!ine, '/ i
e aa

serine, glycine, methionin i %of essential amino acids in extracted

Iysme\
proteins of honey v@ve@s bet@ three to eight.
N
NN (?(J
| { k

However, the Ingy aci sﬁ‘ig\ honey is reported variable depending on

sources. T&acﬁ le ofﬁ samples of seven floral types of Serbian honey
. . > :

(acacn\ wer, linden, rape,*&&nt goldenrod, buckwheat and basil) was analysed and

fo%the most abundant amino acids were proline, phenylalanine, alanine, arginine

an eonine reported by Keckes et al. (2013). Study in Turkey by Silici and Karaman

(2014) of 25 different honey samples concluded that aspartic acid, lysine, and arginine
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were the major amino acids detected in rhododendron honeys while lysine, arginine, and
histidine were found in honeydew honeys. Very low amounts of ami Rds were

detected in honey and ranges from 34.19 to 1 83.16 ug/100g (Cotte et l1[%4; Iglesias
rolin

et al., 2006; Alvarez, 2010). Among the amino acids detected, is the most

abundant amino acid in the honey samples studied similar to thagobsg¥ved by Iglesias et
al. 2006 and Von der Ohe et al. 1991. Proline levels corre oerout 33% of the total

free amino acid composition. Proline is mainly derived ees' sqcretions.

™~
The molecular weight of the proteins/peptides preseRc®in horfey rlle& re in the
range of 116.5 to 20.00 to KDa as determined d?-& S{ d %Jsmears were
detected at molecular weight range of <fw KDa\T 34 Figures 4 to 6).

X
Sample H025 (Alseder honey) showed 8

ands, whi sam[®4032 (Acacia honey)

\Y -
recorded 4 clear bands which go?% 119,."émd 9.00 to 83.30 kDa,
respectively. Sample H026 (Tuﬂ ne;%v} Ig\@ mber of bands which was 3
and has a molecular weigft WO, 5’.10 i %&%(Da compared to samples H025
and HO032. Alvarez (2010) ¢gfrie FOte] pﬁ{ﬂ)@ for eleven honey samples (without

protein extraction) @Ds@nd 1:\ that the molecular weight of proteins
ranged from 130@(D’. Thi ;tﬂerq\%{cates that honey contains different types of

Q O
roteins. N
&

_ N
The p present in samplesc\QOZS, H026, H028, H032 and HO35 (Table 30) were

fur, ctionated using RP-HPLC (Figures 7 to 11) to ascertain the antibacterial

@ties of the peptide fractions. Protein samples from H025 (Alseder honey), H026

(Tualang honey) and H032 (Acacia honey) tended to give clearer and more separated
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peaks (Figures 7, 8 and 10). The peptides were eluted between 10 to 40 min indicating
that these peptides are amphipathic and eluted with the mixture of eluent A

For the purpose of evaluating the antibacterial activity of the RP Aqractions S.

aureus was used as the target bacteria. A total of 45 fractions were Wed but fractions

2 to 25 showed antibacterial activity towards target bacteria W|th ntage of inhibition
from 21.22 to 100.00 % (Table 35), and the amount of waf in range between
0.0009 and 1.004 mg/ml (Figures 12 to 15). Fraction 025 (Alseder
honey) and HO35 (Manuka honey) showed tota @ion offth rdet_séattena the
peptide content was 0.098 and 0.40 mg/ml, re Iy. éc F2 *tQ,YI;S of protein

Yv
es (0&3 to 0.957 mg/ml)

samples H026 (Tualang honey) contain hi wnts

and high percentage of inhibition against bacterla (61.38 t@ 69 %). Fractions F2
to F8 from sample HO32 (acacia h Xn |§rial activity of 69.39 to
98.31 % with range of peptideﬂ A4t /R&II 45 fractions from sample
HO035 (Manuka honey) did WOW fny It|d tent but variable antibacterial
activity (37.71 to 100. 00% er s &(9 methylglyoxal has been reported to

contribute to the an te aI IVI'[ f M a honey (Weigel et al., 2004; Adams et

N

, 2008; Kwak@zjt,'zo ){!e concentration and the antibacterial activity
O

assays show; ariayovzﬂ @}3 ions depends on the source of sample.

QI ' X

&
5% usion

Proteins present in honey samples were successfully extracted using acetone and contain
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varied amount of both essential and non-essential amino acids depending on the source of

honey. The RP-HPLC fractions of honey protein extracts from all honey sa{R showed

antibacterial activity against S. aureus except F14 and F18 from Manuk:%.
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