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The standard curve of the bovine serum albumin standard solutions

A set of bovine serum albumin (BSA) standard solutions were created from
the stock solution of 2 mg/mL BSA in Tris-HCI, pH 8.0 buffer solution. Pipette the
stock solution and diluted as the table below to give the BSA standard solutions in
concentrations of 125, 250, 500, 750, 1000 pg/mL. The uv absorption at 595 nm was
monitored and plotted as standard curve.

Table 8 Average absorbance of BSA standard solutions.

Firel conoerirton of ERA (pgiiJ e dOErCe ¢ ) 4
5 010008
%) 0124008
) 037200
il e,
1 05374008
BSA standard
0.8+
£ s
2 0]
L
0.0 : i T T ,
0 250 500 750 1000 1250

BSA concentration (llg/mL)

Figure 21. The BSA standard curve with calculated linear regression equation; y =
0.0005X + 0.0661, R2=0.9845. Each bar represents the mean + SD( =3).
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The standard curve of Renieramycin M standard solution

Accurately weighed 0.10 mg of renieramycin M (RM) and dissolved in 100 [j_
of DMSO, then added 900 pL of MeOH to gve concentration of 01 mg/mL
renieramycin M in 10% DMSO/MeOH as stock solution. The stock solution was
diluted to give 5 serial concentrations, 156, 3.13, 6.25. 125, 25 (jg/mL, respectively
as working solutions. 20 pL of each renieramycin M working solution was injected
into HPLC instrument for analysis and gave five renieramycin M amounts, 315, 625,
125, 250 and 500 ng of renieramycin M in each concentration as a final amount of
renieramycin M used in calibration curve.

Table 9. Average area under the curve of HPLC chromatogram for renieramycin M
standard curve.

concentration of RM Amount of RM (ng) in &?&%ﬁﬁ%

substrates (pg/mL) reaction for HPLC analysis ED(A)

156 315 5430516.25

313 62.5 107967+11.5

6.25 125 197532+17.1

125 250 385479+8.54

25 500 727546+4.58

RM standard curve
800000.04
600000.04
j 400000.04
200000.04
0.0 r T T T T 1
0 100 200 300 400 500 600

RM amount (ng)

Figure 22. The tandard curve of renieramycin M (RM) with calculated linear
regression equation; y = 1430.8x + 17341, R2=10.9993
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Table 10. The amount of solid ammonium sulfate to be added to solution to give
the desired final saturation at 0 °c*.

final concentration of solid ammonium sulfate, % saturation at 0 OC

20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100
Initial concentration of ammonium sulfate

§ solid ammonium sulfate to add to 100 mL of solution
0 107 136 166 193 229 262 295 331 36.6 404 442 483 523 567 611 659 707
5 8.0 10.9 139 168 200 232 266 300 336 373 411 450 491 533 578 624 671

10 54 82 11 141 171 203 236 270 305 342 379 418 458 500 545 589 636
15 26 55 83 113 143 174 207 240 275 310 348 386 426 466 5.0 555 600
20 0 27 56 84 115 145 177 210 244 280 316 354 392 433 476 519 565
25 0 27 57 85 117 148 182 214 248 284 321 360 401 442 485 529
30 0 28 57 87 119 150 184 217 253 289 328 367 408 451 495
35 0 28 58 88 120 153 187 221 258 295 334 374 416 459
40 0 29 59 90 122 155 190 225 262 300 340 381 424
45 0 29 60 91 125 158 193 229 267 306 347 388
50 0 30 61 93 127 161 107 233 272 312 355
55 0 30 62 94 120 163 200 238 277 317
60 0 31 63 96 131 166 204 242 283
65 0 31 64 98 134 170 208 247
70 0 32 66 100 136 173 212
b 0 32 67 102 139 176
80 0 33 68 104 141
85 0 34 69 106
9% 0 34 71
95 0 35
100 0

(Harris and Angal 1989)
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Figure 23 uv spectra of A) renieramycin M standard and B) jorunnamycin A standard

Table 11 Total protein contents of each fractionated fraction.

%amlponium replicate averece of total

SLifate oten

conoentration i # " irgD(ng)
4045 338 39 3% 36105
455) 62 45 36l 481413
% 848 62 424 651213
%60 866 63 445 650211
6045 L 740 60 71244048
60 540 505 484 504028
0hH 297 2% 28 294006
»A 2% 078 1% 1761090

& 12 0% 12 094050
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Tab|e 12 The esterase activity for renieramycin M hydrolysis activity of each crude

protein/enzyme fraction.

Y9ammonium
sufete replicate
concentration
il
4045 ti2
ti3
il
455 V)

05

sl

606

-0

0

[6%e)

8%

B ELCESEHESED

= =

BEHS

A
amount*

(pmo) io
03

un
XM

Activity™*

(1

)Xio5

A% acivity

Xio r

094028
08002/
21023
450034
638007
1003
5560.10
19040

0090.09

‘calculated from renieramycin M (RM) standard curve giving amount of jorunnamycin A (JA) equivalent to RM

**the enzyme unit ( ) was calculated as production of the amount of JA (pmol) per minute. In this experiment,

the assay was incubated for 90 minutes.

‘* Activity was calculated by the enzyme units divided by the amount of protein (mg). The protein amount of 0.4

mg was used in each reaction.
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Figure 24. The HPLC chromatograms of jorunnamycin A (dashed arrows) and
renieramycin M (black arrows). A) - 1) represent each renieramycin M hydrolysis
reaction by ammonium sulfate fractionated proteins at the concentration of 40-45%,
45-50%, 50-55%, 55-60%, 60-65%, 65-70%, 70-75%, 75-80%, 80-85% ammonium
sulfate, respectively.
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Figure 25. The HPLC chromatograms of A) Tris-HCl buffer used in reaction, B) boiled
crude enzyme from visceral part of J.funebris and c) reaction of renieramycin M
(black arrow) incubated with boiled crude protein.
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Figure 26. Mass spectra of liquid chromatography-mass spectrometry (LC-MS) analysis

of renieramycin M hydrolysis reaction; A) LC chromatogram (70% MeOH in water as

mobile phase, flow rate 05 L/min), B) Mass spectrum of jorunnamycin A (JA) (R,
=5.190 min, dashed arrow), ¢) Mass spectrum of other compounds (Rt = 7.891 min),
) Mass spectrum of renieramycin M (RM) (R, =12.961 min, black arrow).
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Table 13, The esterase activity for renieramycin M hydrolysis under different

incubation time and concentrations.

el concent
TR e e B REATOIT - Al Mt

(m\/p #l 109
084 0802
066
1%
13 154015
16
19
214 21302
23
214
200 2204016

J

&0
0025 mv

12 123012

1% 20+010
006 M
9 36 2902

10 318 358+040

SEESESCESTSASEETESETESTETEESS
=
K

‘calculated from renieramycin M (RM) standard curve giving amount of jorunnamycin A (JA) equivalent to RM
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Table 13 (ContinUEd) The esterase activity for renieramycin M hydrolysis under
different incubation time and concentrations.

final concentraton Average JAamount*  Average JA amount

(()r];] K{AI\)/I Time (min)  replicate (nmol) (nmol)
Ul 116
Rl # 103 1.1440.10
#3 123
# 2.16
60 # 2.25 2.18+0.07
#3 2.12
01 mi ul 314
90 2 331 3.24+0.09
#3 326
ul 459
120 2 4.45 4.73+0.37
3 5.148

ecalculated from renieramycin M (RM) standard curve giving amount of jorunnamycin A (JA) equivalent to RM

Figure 27. HPLC chromatograms of jorunnamycin A (dashed arrows) and renieramycin
M (black arrows) of selected concentration of renieramycin M (0.05 M) incubated
for A) 30 minutes, B) 60 minutes, ¢) 90 minutes, and D) 120 minutes.
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Table 14. The esterase activity for renieramycin M hydrolysis under different

temperatures.

Temz%aiure repicate amou‘ %rr?(pJnAd)
Xio 3
A

5

53

@

S

B EESESSESSESSESSELSESSaTlE
[ %)
=

Aty

/ ) xio 5
4%
6
53
[
553
3
3
128

1D ( nga?l\lll?;
5494060
6.70+102
1204008
7914034
101413
NAH04
105070

4144019

0%+011

~calculated from renieramycin M (RM) standard curve giving amount of jorunnamycin A (JA) equivalent to RM

**the enzyme unit ( ) was calculated as production of the amount of JA (pmol) per minute.  this experiment,

the assay was incubated for 90 minutes.

***Activity was calculated by the enzyme units divided by the amount of protein (mg). The protein amount of 0.4

mg was used in each reaction.
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Figure 28. The HPLC chromatograms of jorunnamycin A (dashed arrows) and
renieramycin M (black arrows). A) - 1) represent each renieramycin M hydrolysis
reaction under different temperatures at 20, 25, 30, 35, 40, 45. 50, 55 and 60°c,
respectively.
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Tab|e 15 The esterase activity for renieramycin M hydrolysis under different pH

values.
Aerage Aamountt  Bgyme unt* () Acivty™  Average adivity

LU e oA e Xio5  (umg)xios +D(Uig) xios
1 2B 30 7

7 # 7% 30 W 7603
3 R 2P kil
4 X 30 78

5 2} 305 B 76M8
e o 30 7%
9 2 32 804

g @ 2 3B 8 8240
3 3B 30 85
4 30 38 857

85 3B 30 85 BAND
e 30 33 %
1 35 3R 08

9 # 3 39 9B 9K
e 3 38 9P
1 511 58 12

%5 508 564 W 1400%
3 19 54 136
4 565 6B 7

0 51 57 W5 EHE
3 558 62 5
4 18 534 33

0 ® 505 561 10 14008
e 523 581 145
4 12 NG 19

1 I 53 B DT
3 13 19 20
4 28 3 76

15 @ 38 397 95 8%0%
e 33 35 037

‘calculated from renieramycin M (RM) standard curve giving amount of jorunnamycin A (JA) equivalent to RM

“ the enzyme unit ( ) was calculated as production of the amount of JA (pmol) per minute, this experiment,
the assay was incubated for 90 minutes.

“ *Activity was calculated by the enzyme units divided by the amount of protein (mg). The protein amount of 0.4

mg was used in each reaction.



73

/ A / B
i L
D
7 <
L L
E) )
P ' L v
22
rr"‘ H)
L / /L/ /
< ,
. "V

Figure 29. HPLC chromatograms of jorunnamycin A (dashed arrows) and renieramycin
M (black arrows). A) - J) represent each renieramycin M hydrolysis reaction under
different pH values at 7, 7.5, 8, 85, 9, 9.5, 10, 105, 11 and 115, respectively.
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Tab|e 16 The esterase activity for renieramycin M hydrolysis under different types of

buffer.

Bifer  replicate amAﬁ? (ﬁTAd) um) (6/%%5 fs‘g( nga?l\ﬂy

XI10
i 2% 38 9
TisHd  he 29 ) 806 886150
3 2 12 10680
) i 8 0B A4
Tnane i) 95 104 A9 524153
i e o
| | 17
oy 11 167 17 1601
Dufer sougion 4 480 115

‘calculated from renieramycin M (RM) standard curve giving amount of jorunnamycin A (JA) equivalent to RM
"the enzyme unit ( ) was calculated as production of the amount of JA (pmol) per minute, in this experiment,
the assay was incubated for 90 minutes.

"Activity was calculated by the enzyme units divided by the amount of protein (mg). The protein amount of 0.4

mg was used in each reaction.

/
B
£ /
niL‘,A
0
V. /

B %

Figure 30. The HPLC chromatograms of jorunnamycin A (dashed arrows) and
renieramycin M (black arrows) in reaction using different types of buffer A) Tris HCl,
pH 8.0, B) Tricine, pH 8.0, ¢) Phosphate buffer solution (PBS), pH 8.0.
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Tab|e 17 Combination of various parameters used in renieramycin M hydrolysis reaction.

HLC : Parameters
cromsogam Y QIO gy

Tenperature (-c)
A Typical condtion 50 MM TnsHO 53 5
B # 50 mvi TisH] 80 b
c 1 50 mvTisH] 100 b
3 50 mvTisH] 100 b
E # 0 mM Triane 80 b
F H 50 mM Triane 80 b
G # 50 mM Tricine 100 )
H # 50 mM Tnione 100 3
A | B
4 i o
L =
T &
L %
) F)
L f8 1/
. : G) ) H)
a < 4 r i

Figure 31. The HPLC chromatograms of jorunnamycin A (dashed arrows) and
renieramycin M (black arrows). A) - H) represent each renieramycin M hydrolysis
reaction under different conditions (Table 12), respectively.



76

Tab|e 18 The esterase activity for renieramycin M hydrolysis under various

conditions.
Argae A
condtion  replicate  amount* (pmol)
Xio 5
Sandad
protocal

#l

o e o EEES L -
Do
=

2
#3 533
316
#3 264

o - w N -
¢ 3%y
5

++
w

O
&l

[
2
3
!

: 2 38
3
!
2

3 4%

i

AdM

acl
QX|05 1‘933?e Q)ng

664020

1232

131209

8244079

51074

21108

87039

147+1.10

‘calculated from renieramycin M (RM) standard curve giving amount of jorunnamycin A (JA) equivalent to RM

“ the enzyme unit ( ) was calculated as production of the amount of JA (pmol) per minute.  this experiment,

the assay was incubated for 90 minutes.

“ "Activity was calculated by the enzyme units divided by the amount of protein (mg). The protein amount of 0.4

mg was used in each reaction.
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Table 19. Yield of the produced jorunnamycin A from reaction under various

conditions.

condition

Standard
protocol

#l

#2

#3

#4

#

#

#l

replicate

#2
#3
#l
#2
#3
#l
#2
#3
#
#
#3
m
#
#3
#
#2
#3
#
#
#3
#1

2
#3

JA amount* (mol)

0.23398
0.247909
0.238162
0.269747
0477143
0.463435
0.492523
0.387419
0.5333%
0.316243
0.264041
0.309838
0.893301
0.942822
0.934541
0.743244
0.795747
0.724393

0.31749
0.327654
0.299698

052773
0.567404
0.48807

Percentage of JA
compared to theoretical
RM* in reaction
224981
2383144
22.90015
25.93123
45.87916
44.56104
47.35801
31.25183
51.28792
30.40799
25.3886
29.79212
85.89437
90.65595
89.85968
71.46575
76.51411
69.65316
30.52787
3150517
28.81715
50.74327
54.55803
46.92979

Average percentage
D

23.110.69

38.8+11.2

453+7.24

28.5£2.74

88.8+2.55

72.5£3.56

30.3+1.36

50.74¢3.81

‘calculated from renieramycin M (RM) standard curve giving amount of jorunnamycin A (JA) equivalent to RM
“ Theoretical amount of RM substrate used in each reaction was ].Mmol (600 ng/20 \].)per injection
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Table 20. The esterase activity for renieramycin M hydrolysis of five tissue sample

batches (Month/Year).
Tissue Average JA Enzyme . .
sample  replicate  amount* (pmol)  unit** ( ) A/ctwﬂ;;:i*; 5 g\gzral?/e act|vl|ty5
batch Xio3 X105 (u/mg) £3D (Uimg) xio
# 110 122 3.06
#1 Oct/2011 # 0.95 105 2.63 2.9410.26
#3 112 125 312
# 134 149 37
#2 May/2012 # 137 152 380 3.70£0.10
#3 129 14 359
# 165 183 458
#3 Nov/2012 #2 167 185 4.63 4,6110.03
#3 166 184 461
# 180 19 499
#4 Jan/2013 # 172 191 479 5.06£0.33
#3 195 217 542
# 253 281 701
#5 Jun/2013 # 2.60 2.88 12 7.1110.10
#3 2.56 2.84 11

‘calculated from renieramycin M (RM) standard curve giving amount of jorunnamycin A (JA) equivalent to RM

“ the enzyme unit ( ) was calculated as production of the amount of JA (pmol) per minute.  this experiment,
the assay was incubated for 90 minutes.

“ *Activity was calculated by the enzyme units divided by the amount of protein (mg). The protein amount of 0.4
mg was used in each reaction.
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Figure 3. The HPLC chromatograms of jorunnamycin A (dashed arrows) and
renieramycin M (black arrows) in reaction incubated with different batches of visceral
proteins from J.funebris. A) - E) represent each renieramycin M hydrolysis reaction
of batch #I-#5, respectively.
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Table 21. The esterase activity of the crude enzyme stored in different period of time.

uEnr@r(e) A"“'VW, adJA\TB%D

Time
period
(ortts)
4
0 20
80
4
2 20
80
4
4 20
80

enqecr)ature epicae

41
#2
#3
41
42
43
41
42
43
41
#2
43
#1
42
43
41
42
43
41
42
43
41
42
43
41
42
43

Agae A
amount*
(pmol) Xio
31
2.69
2.80
3.14
2.92
2.80
3.09
2.74
2.76
1.06
112
1.09
175
1.55
172
1.80
177
179
0.83
0.77
0.83
1.40
141
1.55
1.80
L
175

x5 (9
346 576
299 4,99
311 5.19
3.49 5.2
324 541
312 5.19
343 5.72
304 5,07
3,06 511
118 204
125 312
121 301
194 4.8
173 43
191 477
200 501
197 492
199 4,99
9.18 230
858 214
921 230
155 3.9
157 303
172 431
200 501
1.9 491
194 4.85

(1 gxio

531+0.40
5.47£0.32
5.30£0.37
3.03£0.10
4.65+0.29
4.97+0.05
2.250.10
4.04+0.23

4.92+0.08

"calculated from renieramycin M (RM) standard curve giving amount of iorunnamycin A (JA) equivalent to RM

"’the enzyme unit ( ) was calculated as production of the amount of JA (pmol) per minute.

the assay was incubated for 90 minutes.

this experiment,

***Activity was calculated by the enzyme units divided by the amount of protein (mg). The protein amount of 0.4

mg was used in each reaction.
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e

Figure 33. The HPLC chromatograms of jorunnamycin A (dashed arrows) and
renieramycin M (black arrows). A)-C) represent reaction at 4, -20, -80 c at starting time (0
month), respectively.

Figure 34. The FIPLC chromatograms of jorunnamycin A (dashed arrows) and
renieramycin M (black arrows). A)-C) represent reaction at 4, -20, -80 c after 2 months of
storage, respectively.
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Figure 35. The HPLC chromatograms of jorunnamycin A (dashed arrows) and
renieramycin M (black arrows). A)-C) represent reaction at 4, -20, -80 ¢ after 4 months of
storage, respectively.
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Figure 36. The HPLC chromatograms of hydrolysis reaction by incubated various
substrates without/with crude enzyme. Dashed arrows show the peak of
jorunnamycin A A) - L) represent each hydrolysis reaction with different substrates.
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Figure 36. (continue) The HPLC chromatograms of hydrolysis reaction by incubated
various substrates without/with crude enzyme. Dashed arrow shows the peak of
jorunnamycin A M) - p) represent each renieramycin M hydrolysis reaction with
different substrates.

Table 22. The esterase activity for renieramycin M hydrolysis using renieramycin M
(RM), 2 and 3 as substrates.

_ Amap R E”ZWE Achity * Avrae at
compound - replicate anUU)TO (md) nlt (u/mg)tgio' (ﬂg)xufy 5

# 257 2.86 715

RV # 231 257 6.42 6.70+0.40
83 235 261 6.52
# 0.14 0.16 03

1 £ 012 0.13 032 031+0.03
83 013 015 037
4 134 148 371

2 £ 134 149 373 37.4+0.33
43 136 15.1 377
4 1.74 1.93 483

3 £ 181 201 5,02 5.03+0.21
43 1.89 210 5,24

"calculated from renieramycin M (RM) standard curve giving amount of jorunnamycin A CIA) equivalent to RM
"’the enzyme unit ( ) was calculated as production of the amount of JA (pmol) per minute.  this experiment,
the assay was incubated for 90 minutes.

” *Activity was calculated by the enzyme units divided by the amount of protein (mg). The protein amount of 0.4

mg was used in each reaction.



VITA

Miss Dalad Waropastrakul was born on April 7, 1988 in Khonkaen, Thailand.
She received her Bachelor's degree of Pharmacy in 2010 from Faculty of
Pharmaceutical Sciences, Chulalongkorn University, Thailand.

Poster presentation

Waropastrakul, D, Suwanborirux, K, De-Eknamkul, ., and Chuanasa, T.
Detection of esterase activity converting cytotoxic renieramycin M to jorunnamycin A
in the crude enzyme of the nudibranch Jorunna funebris. Proceeding of the 30th
Annual Research Conference in Pharmaceutical Sciences, December e, 2013. Faculty
of Pharmaceutical Sciences, Chulalongkorn University, Bangkok, Thailand, p. 41-44.



	REFERENCES
	VITA

