CHAPTER 4
RESULTS AND DISCUSSION

The proteins in Bungarus candidus venom were analyzed using all methods as
described in the previoua chapter. The results will be shown and discussed in each part

of this chapter, respectively.

I/
4.1 Characterization proteins=by gel ' &r sis for crude Bungarus candidus
—
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Figure 4.1 2-D SDS-PAGE gel stained by silver.

Each spot in gel represents individual protein which was separated by p/ in the
first dimension and followed by molecular weight separation in the second dimension.

(The results were summarized in Table 4.1)
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Table 4.1 Molecular weight range of protein spots in silver-stained gel

Molecular weight range (kDa) Number of spot proteins
45.0-31.0 2
31.0-21.5 14
21.5-14.4 1

There are 17 spots f “proteins insfl ined gel. However, silver staining

pH 4

66.2 kDa

45.0 kDa

31.0 kDa

21.5kDa

14.4 kDa
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The gel was also stained by coomassie brilliant blue G staining technique and
shows 36 spots of proteins (Figure 4.2). The abundance of proteins were summarized in

Table 4.2.
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Table 4.2 Molecular weight range of spot proteins in coomassie blue G -stained gel

Molecular weight range (kDa) Number of spot proteins

66.2-45.0 4
45.0-31.0 17

31.0-21.5 11

21.5-14.4 2

After proteins were S-PAGE and visualized with coomassie

staining. The spots wer :{1‘5 \ﬁ-\~ ion with trypsin as described
in Section 3.4.5. The v eight \\\\\" fragment was analyzed by
MALDI-TOF MS. Howevg only 5, S of proteins that obtained mass spectra

from analyzed tryptic fr ass spectra are shown in Figure 1-5A in

Table 4.3 Mass per charge of in=gel-tryp de of each spot (spot numbers were

A

-

_‘ —f
Spot No. -m

1 2963.715, 2554.090, 2291.689, 227@763, 2936.561, 1108.930,

AUYINYY TR

3 q 2291‘.521, 2236.675, 2150.124, 1047.164

Q ‘Wﬁ a \1 ﬂﬁ@m ’%WHGUF&?J 82.631 .

89 2773.507, 2514.979, 2275.345, 2164.935, 1791.919, 1632.447,
1266.906

8 2434.804, 2275.756, 2251.323, 1617.533, 1448.125, 1417.037,
1401.110, 1374.828, 1362.075, 1358.960, 1356.197

And then, the mass spectra were used for performing of protein peptide mass

mapping via Pepldent (http://au.expasy.org/tools/peptident.html). However, the
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searched results were not reasonable, they might be new proteins or the data was not
enough for identification of protein. Therefore, the sequencing techniques were

required for further proteins identification.

4.2 Characterization proteins by gel electrophoresis, ion exchange chromatography,

mass spectrometry and sequencing technique for Bungarus candidus venom fraction

ﬂummwwmm

Flgure lon exchange chrgmatogram of&ungarus cand:dys venom.

w ATAALNININRIIN A Y

IEX No. Concentration (mg/mL)
2 0.4251
| 6 0.0408
£ 0.1067
8 0.1698
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4.2.1. Molecular weight of proteins in each fraction by MALDI-TOF MS

The mass spectra of each fraction are shown in Figure 6-9A in Appendices and

the results are summarized in Table 4.5

Table 4.5 Mass per charge of each ion exchange fractions 2, 6, 7, 8

IEX No.

2

6

7

8
From Table 4. | [o .' us' candidus venom IEX No. 2.
The m/z of 4535.81, 43687 74any 362@ s dou et h rged species of proteins which
yield the molecular weighffof § 66 'gf’:Bil) f: 7330.15, respectively. From of IEX
fraction No. 7, there are 3 pro eij.g:_“ .y : 077, 4410.51 and 3741.07 is doublet

charged species of proteins WB_@E@? lar weight of 9071.06, 8806.66 and

species and 3731.7975 the doublet cf e protein so molecular weight

I
is 7453. From the IEX esults of fractions 6 and 8, ther€ is only one protein which is

T AN YN THYINT

4.2.2 1-D gel eleqétrophoresus of fractions 6 and 8

%ﬂA&@f&ﬂ IUNIANEAY

14.4 kDa

Figure 4.4 One-dimensional coomassie-stained gel of IEX No. 6 and 8.
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After that, the bands were excised and subjected to trypsin digestion. The
molecular weight of each tryptic peptides were analyzed by MALDI-TOF MS. The mass

spectra of tryptic peptides are shown in Figure 10-11A as listed in Table 4.6

Table 4.6 Mass per charge of in-gel tryptic fragment of each band

Band of IEX No. m/z

7777 1415.12, 1298.30, 1282.39,

6 1916.94, ' 0y 1709.27, 1674.73, 1495.21, 1477.34,
‘ 15 }120.54, 1022.13
‘w

And then, the'molg ts .. ent of IEX fractions No. 6
and 8 were used for protein pep de !r‘ ﬁ .\ ja the program MASCOT (http:/
www.matrixscience.comn /ever, ﬁ arched Its were not reasonable. It might

be a new protein or the d Ih to dentify each protein. Sometimes more

than one candidate for idghti fthe - an be found, whereupon additional
information obtained by --tm.- ---- technigues is generally used to constrain the

search.

-

]

0

IEXs No. 6 andg8 were desalted ag, described in section 3.4.5. The mass

spocta of Efelnh b B 513 S b FOHPRIR) T Foten whion s i exs

No. 6 and 8 ar”protems A and B, reépectlvely The results of N—term:nal sequencing by

E"“ﬂﬁﬁ’ﬂ ﬂ“@ﬂﬂﬂfﬁ%ﬂ@% IR

Prote n A% KTKI-= PEKD-

3
4.2.3 N-terminal sequ&i

Protein B: NLINF MEMIR XL

Results show that, N-terminal sequencing of proteins A and B has 11 resjdues

and 12 residues, respectively.
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From database searching, the sequencing data were in protein sequence
database via the program Blast (http:// www.ncbi.nim.nih.gov/BLAST/ Blast.cgi). Search
parameters were set for vertebrata organism and swiss-prot database. The N-terminal
sequencing of protein A matched with weak toxin 1, 2 and 3 (Bungarus candidus). The

results are shown below.

Weak toxin 1, 2, 3 : ?® TCLICPEKDCQKV>®

Protein A

The N-termin/ »\\.\N ed-with phospholipase A2 beta-

‘bungarotoxin A3 chai Ingarus . i beta-neurotoxin (Bungarus
candidus) by searche i # k ce\ \ a the program Blast. The
percentage of similarity i ! .. ﬁ e lino acid sequences are shown
below. \

Phospholipase A2:
Beta-neurotoxin

Protein B

A : NLINF° MEMIR® YT [
However, the_re were not reasonable because

molecular weight of tein B is 7453, but molecular weight of phospholipase A2 beta-

ren A imﬁ m;:m; s
“QNIAIDIURTIRYTE o

B. candidus venom fraction No. 6 was desalted as described in section 3.4.5.
The mass spectrum of protein A was shown in Figure 14A. After digestion, the molecular
weight of tryptic fragments were analyzed by MALDI-TOF MS as shown in Figure 4.5
and ESI-Q MS as shown in Figure 12A-13A.
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Figure 4.5 MALDI-TOF S ectr&ﬂaf:, -t dige B. candidus venom fraction
Y p T 1
6. e < e
7757

The molec s MALDI-TOF. The m/z of

a8e searching via Pepldent
(http://au.expasy.org/ﬂls/pe de g pa@weters were set at 100 ppm
of mass tolerance, 2 miisg cleavage, iodoasetamide modified cystein and vertebrata

specie. Theﬁ% El: (ca '% W@» W%q%ch peak of spectrum

was the m/z ofipeptide fragments of‘candoxm For example the m/z of 1474.68 was a
smg ﬁﬁ(}% Ejﬂeﬂ E!] to thirty fifth
amino@cid resuduesﬁlmllaml e fragment which has fifth to seventeenth amino
acid residues that are assigned to the singlet charged m/z of 1469.68. From the resullts,
there are 15 peaks of mass spectrum that are assigned to peptide fragments of
‘candoxin which molecular weight was 7344, but molecular weight of protein A was

7453. Therefore, protein A was not candoxin.
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Furthermore, the peptides were sequenced by MS/MS with ESI-Q-TOF and the

results are shown in Figures 4.5, 4.6 and 4.7

a 72.08 175.09 246.13 333.16 390.18 S519.22 -
b 100.068 203.09 274.12 361.15 4l18.18 547.22 -
i 72.08 76.02 44.85 60.04 3C.03 102.06 161,11

'a - 594.26 451.25 426.21 333.18 276.1i6 147.11
1 2 3 4 8 6 7
Val Cys Ala Ser Gly 6lu Lys
6 S 4 3 2 1
[M+2H)2+
100 34716 Y4
g5
B % i Yg %
EE 49121 i
v e F pat R R RN
450 500 550 600
Figure 4.6 ESI-Q-TOF artial amine acid sequence of precursor ion of
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Figure 4.7 ESI-Q-TOF masg=spectrum of partial/amino acid sequence of precursor ion of
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a 102.06 173.09 328.13 386.22 487.26
b 130.05 201.09 357.19 4:i4.21 515.26
i 102.06 44.05 125.11 30.03 74.06
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Figure 4.8 ESI-Q-TOF mass specti T cid sequence of precursor ion of
m/z of 345. 1'8”
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Figure 4.9 ESI-Q-TOF masssspéctrur of par id sequence of precursor ion of
,‘,':"— - J
m/z of 4: === \‘

s

The sequencmobtained rom each tryptic pe@de was used for protein

identification via Blast‘ (http://  www.ncbifalim.nih.gov/ BLAST/Blast.cgi).  Search

pmansars floTh ) v Wl hed e b can ar

database. From the result of databasg searching, pattial amino acid sgguence of protein

A G TN A FS I o

amino rd sequence between candoxin and protein A is shown below.

Candoxin: MKCKI® CNFDT'° CRAGE!® LKVCA?® SGEKY?® CFKES®°
Protein A: KTKI- PEKD- QKV-- --VCA SGEKY CFKES
Candoxin: WREAR® GTRIEY™ RGOARY™ TCPEG™ svyer” yvico™®

Protein A: WREAR GTR—— —---— ————=  ————— ---cc
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Candoxin: TERHES K

Protein A: TTDDC N

The bold letters are shown similar sequence between protein A and candoxin.
The amino acid sequence of first peptide fragment, VCASGEK, was seemed to be the
eighteenth to twenty fourth amino acids residues of candoxin. Next, the second
peptide, YCFKESWR, as shown in Figure 4.6 was seemed to be the twenty fifth to. thirty

second amino acid residues. In additi e third amino acid sequence, EARGTR, as

shown in Figure 4.7 was seem @ Jine third to thirty eighth amino acid

residues. The fourth aming,acie-s . N, as shown in Figure 4.9 was

seemed to be the fifty ninth fo.sixty sixth amino aciesesidues. The percentage of identity
was 45.5%. However i€ (g i\‘\?\k. ing was not matched with

candoxin. Therefore lirthg is s protein s equired to perform a fully

sequence.

AULINENINYINT
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