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Dop amine-secologanin condensing enzyme, the enzyme catalyzing the condensation 
o f dopamine and secologanin to form the (/Q-epimer o f  deacetylipecoside, has been purified 
from the leaves o f  Alangium salviifolium  Wang. The enzyme was purified to apparent 
electrophoretic homogeneity by ammonium sulfate precipitation, ultrafiltration and three 
subsequent column chromatography steps. The isolated enzyme is a single polypeptide with Mr
30,000 and has a pH optimum at 7.5 and a temperature optimum at 37°c. The apparent Km 
value for dopamine and secologanin are 0.69 mM and 0.92 mM, respectively. The y  max for 
dopamine and secologanin are 7.09 and 8.33 pkat/mg protein, respectively. The enzyme has 
high substrate specificity to dopamine; neither tyramine nor tryptamine are utilized by the 
enzyme. No substrate inhibition was observed. The enzyme activity is inhibited by 
alangimarckine and dehydroalangimarckine with similar IC50 value approximately o f  1 0  mM. 
The enzymatic product was confirmed to be demethylalangiside which is the spontanous 
lactamization product o f (/^-deacetylipecoside. From these results, the dop amine-secologanin 
condensing enzyme was named “deacetylipecoside synthase” which presumeably catalyzes the 
provision o f  (/?)-deacetylipecoside for the formation o f  tetrahydroisoquinoline monoterpene 
glucosides that possess also (/^-configuration at the same chiral center.

ภาควิชา เภ ส ัช เว ท ลายมือชื่อน ิส ิต
สาขาวิชา........ H! ส้ช!.ว..ท.
ป ีการศ ึกษา.... 254.1.



ACKNOW LEDGEMENTS

I am deeply indebted to my thesis advisor, Assosiate Professor Dr. Wanchai 
De-Eknamkul, Department o f  Pharmacognosy, Faculty o f  Pharmaceutical Sciences, 
Chulalongkom University, for his guidance, suggestion and encouragement which 
enable me to carry out this work. His precious instructions are not only confined to 
the area o f  science but also to the general concept and art o f life. The kindness and 
devotion he has given to me will be long remembered.

I would like to express my appreciation and thank to Assistant Professor Dr. 
Thitima Pengsuparp, Department o f Biochemistry, Faculty o f Pharmaceutical Sciences, 
Chulalongkom University, for her helpful consulation and kindly assistance.

I would like to thank the thesis committees, for their serving as copreceptors.

I would like to thank to the members o f the Department o f Pharmacognosy 
and Department o f Biochemistry, Faculty o f Pharmaceutical Sciences, Chulalongkom 
University, for their kindness and helps.

I would like to thank the University Development Commission (บDC) for a 
schlolarship, and the R&D unit for Herbs and Spices, Faculty o f Pharmaceutical 
Sciences, Chulalongkom University, for granting partial financial support to conduct 
this research work.

I would like to thank my dear friend Miss Nuntakam Iemwananonthachai for 
her moral support and unforgetable friendships.

Finally, I would like to express my indebtness and grateful thanks to my 
parent for their love, understanding and encourgement throughout my life. Without 
their support, this work would not have been successfid.



AB STRACT OF THAI.....................................................................................................  iv
ABSTRACT OF ENGLISH............................................................................................ V
ACKNOWLEDEMENTS................................................................................................. vi
CONTENT...........................................................................................................................  vii
LIST OF TABLES............................................................................................................. xi
LIST OF FIGURES..........................................................................................................  xii
ABBREVIATIONS............................................................................................................ XV
CHAPTER I INTRODUCTION...........................................................................  1

II HISTORICAL................................................................................... 4
1. Taxa and Description...............................................................  4
2. Chemical Constituents o f Alangium  salviifolium

Wang............................................................................................ 6

3. Biosynthesis o f Terahydroisoquinoline Monoterpene
Alkaloids and Glucosides........................................................ 9

4. Biological Activities o f Tetrahydroisoquinoline
Monoterp ene Alkaloids...........................................................  16

in  EXPERIMENTAL..........................................................................  19
1. Chemicals...................................................................................  19
2. Plant Material............................................................................  20
3. Buffers.......................................................................................... 20
4. Synthesis o f Deacetylipecoside and Deacetylisoipecoside

Standards..................................................................................... 20
5. Preparation o f  Cell-Free Extraction o f A. salviifolium

Leaves.........................................................................................  21
6 . Preliminary Study on the Activity o f  Dopamine-

Secologanin Condensing Enzyme in Cell-Free Extracts 21
7. Enzyme Assay............................................................................  22
8 . Protein Determination.............................................................. 23

vii

CONTENTS
Page



CONTENTS (Continued)

9. Purification o f Dopamine-Secologanin Condensing
Enzyme from A. salviifolium  Wang Leaves.........................  23
9.1 Amonium Sulfate Fractionation;................................. 23
9.2 Purification o f Dopamine-Secologanin Condensing

Enzyme by the Column Chromatography.................  24
10. Molecular Weight Determination....................................... 24

10.1 Determination o f the Molecular Weight by (SDS-
PAGE)..............................................................................  24

10.2 Molecular Weight Determination by Gel Filtration 27
11. The Properties o f Dopamine-Secologanin Condensing

Enzyme........................................................................................  28
11.1 Enzyme Stability.............................................................. 28
11.2 Temperature optimum for the Enzyme Activity.....  28
11.3 pH Dependency o f Enzyme Activity........................  29
11.4 Influence o f Metal Ions on the Enzyme Activity 29
11.5 Substrate Specificity......................................................  30
11.6 Inhibition o f Enzyme Activity by Some Emetine

Alkaloids........................................................................... 30
12. Enzyme Kinetics.......................................................................  30

12.1 Time Course o f  Reaction Product Formation......... 30
12.2 K,„ and Wmax Determination..........................................  31

12.2.1 Determination o f K,„ and v,„ax Values for
Dopamine substrate........................................  31

1 2 .2 . 2  Determination o f K,n and w,„ax Values for
Secologanin Substrate...................................  32

13. Analysis o f  [7?]-Deactylipecoside Product........................... 32

viii

Page



IX

IV RESULTS.........................................................................................  33
I. Synthesis o f  Deacetylipecoside and Deacetyhsoipeco-

side Standards............................................................................  33
2. Detection o f  Dopamine-Secologanin Condensing

Enzyme Activity in Alangium  salviifolium  Cell-Free 
Extract.........................................................................................  36

3. Purification o f  Dopamine-Secologanin Condensing
Enzyme........................................................................................  40

4. Purity Check o f Purified Dopamine-Secologanin
Condensing Enzyme.................................................................  47

5. Molecular Weight o f Dopamine-Secologanin
Condensing Enzyme.................................................................  47
5.1 Determination by SDS-PAGE...................................... 47
5.2 Determination by Gel Filtration...................................  48

6 . Enzyme Stability.......................................................................  53
7. Temperature Optimum for the Enzyme Activity................  54
8 . pH Dependency o f the Enzyme Activity.............................  54
9. Influence o f  Metal Ions on Enzyme Activity......................  56
10. Substrate specificity.................................................................  56
II. Inhibition o f  Enzyme Activity by Some o f Emetine

Alkaloids......................................................................................  57
12. Kinetic Studies o f Dopamine-Secologanin Condensing

Enzyme........................................................................................  58
12.1 Time Course o f  Reaction Product Formation.......... 58
12.2 Determination o f Km and V„  Values for

Dopamine Substrate......................................................  60
12.3 Determination o f Km and Vma* Values for

Secologanin Substrate...................................................  60

CONTENTS (Continued)
Page



X

13. Analysis o f [f?]-Deacetylipecoside Product.........................  63
V DISCUSSION.......................................................................................... 6 8

1. Purification and Characterization o f Dopamine-
Secologanin Condensing Enzyme from Alangium  
salviifolium  Wang Leaves......................................................  6 8

2. The Propose Biosynthetic Pathways o f  Tetrahydro- 
isoquinoline Monoterpene Alkaloids and Glucosides in
A. salviifolium  Plant................................................................  72

CONCLUSION...................................................................................................................  76
RESERENCES................................................................................................................... 77
APPENDIX..........................................................................................................................  8 8

VITA..........................................................................................................................................  103

CONTENTS (Continued)
Page



XI

Table Page
1 Chemical constituent reported to be present in Alangium

salviifolium  Wang.......................................................................................... 6
2 SDS Polyacrylamide gel composition....................................................  26
3 Summary o f the purification steps o f dopamine-secologanin

condensing enzyme from A. salviifolium  Wang, leaves.......................  43
4 The influence o f metal ions on the enzyme activity................................ 56
5 Effect o f some substrate analogs on the enzyme activity......................  57
6 Inhibition o f dopamine-secologanin condensing enzyme by some

emetine related alkaloids............................................................................... 58
7 Kinetic paremeters o f  the dopamine-secologanin condensing

enzyme fromÆ salviifoium  Wang............................................................. 63
8 The properties o f deacetylipecoside synthase from A. salviifolium

Wang................................................................................................................  70
9 The properties o f strictosidine synthase from various plant species 71
10 Structure o f naturally occuring terahydroisoquinoline monoterpene

alkaloids (Structurally related glucosides are also included) in 
Alangium salviifolium  Wang......................................................................  88

11 Ammonium sulfate precipitation................................................................  95
12 Solution for SDS-polyacrylamide gel electrophoresis...........................  96
13 SDS-polyacrylamide gel electrophoresis..........................................    97

LIST OF TABLES



Figure Page
1 A l a n g i u m  s a l v i i f o l i u m  Wang..................................................................... 5
2 [2-14C]-tyrosine as precursor o f both protoemetine and emetine 10
3 [2-14C]-geraniol (monoterpenoid unit) as the precursor o f Ipecoside

and Cephaeline...............................................................................................  11
4 The biosynthesis pathway which proposed by Battersby and Parry

(1 9 7 1 ).............................................................................................................. 12
5 Proposed biosynthetic sequence o f cephaeline, emetine and the alkaloidal

glucosidesbyNagakuraeta/.,1971.................................................................  15
6 Pictet-Splenger manner condensation o f dopamine and secologanin...... 34
7 Spontaneous lactamization of dacetylipecoside and deacetylisoipecoside to

form demethylalangiside and demethylisoalangiside....................................... 35
8 TLC patterns o f the reaction mixtures under various conditions to

observe the condensation o f dopamine and secologanin after 60 min 
incubation period. The patterns was observed after the plate was 
sprayed with D ragendorffs reagent..........................................................  37

9 TLC-densitometric chromatograms of the TLC plate in Figure 8. The
chromatograms were obtained by using the wavelength o f290 n m ............  38

10 UV-spectra o f (1) dopamine (2) secologanin (3a) Authentic 
mixture o f deacetylipecoside and deacetylisoipecoside (3b) Product
from the enzymatic reaction appearing on the TLC plate..................... 39

11 Phenyl Sepharose CL-4B hydrophobic column chromatography of
dopamine-secologanin condensing enzyme obtained after 40-60 %  

ammonium sulfate precipitation.................................................................  44
12 DEAE-Sephacel anion exchange column chromatography o f the

pooled o f active fractions from Phenyl Sepharose CL-4B...................  45

xii

LIST OF FIGURES



LIST OF FIGURES (Continued)

Figure Page
13 Superose 6 size exclusion column chromatography o f the pooled o f

active fractions from DEAE-Sephcel after concentrated by 
ultrafiltration..................    46

14 SDS-PAGE pattern o f purified protein in each step o f purification... 49
15 Standard calibration curve o f Log molecular weight plotted against

Rffrom 12% SDS-PAGE............................................................................  50
16 Elution profile o f Bio-Rad molecular weight standards on Superose

6 HR16/50....................................................................................................  51
17 Standard calibration curve o f Log molecular weight plotted against

Vo/Ve o f  Superose 6 HR16/50 size exclusion column......................... 52
18 The stability o f enzyme activity at 0 °c and -20 °c................................ 53
19 The optimum temperature for the enzyme activity................................ 55
20 The pH  dependency o f enzyme activity....................................................  55
21 The relationship between time and product formation.......................... 59
22 The effect o f dopamine concentration on the enzyme activity

(Michaelis-Menten plot)............................................................................... 61
23 The double-reciprocal plot (Lineweaver-Burk plot) o f  data from

Figure 22 which yield the K,„ and Vmo, values o f 0.69 mM and 7.09 
pkat/mg protein, respectively (for dopamine substrate).......................  61

24 The effect o f secologanin concentration on the enzyme activity
(Michaelis-Menten p lo t) .............................................................................. 62

25 The double-reciprocal plot (Lineweaver-Burk plot) o f  data from
Figure 24 which yield the K„, and V m a x  values o f  0.92 mM and 8.33 
pkat/mg protein respectively (for secologanin substrate).....................  62

26 EOPLC chromatograms o f ethylacetate phase obtained from the
extraction.........................................................................................................  65

xiii



XIV

Figure Page
27 UV-absorbtion spectra o f (a) demetbylalangiside standard

(b) demethylisoalangiside standard............................................................. 66
28 UV-absorbtion spectra o f

(a) dopamine (b) secologanin (c) enzymatic product.............................. 67
29 Proposed biosynthetic pathway o f  monoterpenoid isoquinoline

alkaloids...........................................................................................................  75

LIST OF FIGURES (Continued)



ABBREVIATIONS

AA acrylamide
APS ammonium persulfate
AUFS - absorbance lull scale
Bis = N,N',methylene bisacrylamide
BSA = bovine serum albumin
cDNA = cloning DNA
cm : centimeter
cpm = counts per minute
DEAE = diethylamino ethyl
dpm = disintegrations per minute
EDTA = ethylenediamine tetraacetic acid
eg. = for example
etc. = et cetera
Fig = Figure
FPLC =ะ fast protein liquid chromatography
fr.wt = fresh weight
g = gram
HPLC = high performance hquid chromatography
hr - hour
M+ = molecular ion
m/z = mass to charge ratio
mA = miliampere
min = minute
ml - mililiter
M r = molecular mass relative to 1/12 o f the atomic
Î1ÎT1 = nanometer(s)
no. = number
opt = optimum



XVI

pi — isoelectric point
pH = hydrogen ion concentration
pkat = pico katal
pmol = picomole(s)
Rf = distance spot moved/ distance solvent moved (TEC)
rpm = revolutions per minute
SDS = sodium dodecyl sulfate
SDS-PAGE = sodium dodecyl sulfate-polyacrylamide gel electrophoresis
sp.act. = specific activity
TEMED = N,N,N ' ,N'-tetramethylethylenediamine
TLC = thin layer chromatography
u v = ultraviolet light
Ve = elution volume
Vo = void volume
3H = tritium
p = beta
°c - degree Celsius
g = centrifugal force (relative to gravity)

max = wavelength at maxima absorption
pCi - microCurie
pmol = micromole
n 2 = Nitrogen atmosphere
Km Michaelis constant = substrate concentration at which the rate 

o f enzyme-catalysed reaction is half maximum rate
Da = dalton, unit o f  molecular mass (1/12 o f c= l)
kD = kilodalton, ( X 103 Da)
V max = maximum velocity o f enzyme
pM = micro molar(s)
M = molar(s)
pg = microgram(s)
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