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APPENDIX A

Preparation for protein determination

Reagent for determination of protein concentration (modified from Lowry et al.,
1951)

Solution A (0.5% copper sulfate, 1% potassium tartate, pH 7.0)
Potassium tartate 1 g
Copper sulfate 05 ¢
Adjusted pH to 7.0 and adjust the solution volume to 100 ml.

Solution B (2% sodium carbonate, 1N sodium hydroxide)
Sodium carbonate 20 ¢
Sodium hydroxice 4 g
Dissolved in distilled water to 1 litre,

Solutionc  ( phenol reagent )
Folin-Ciocalteu phenol reagent used in this work was reagent grade
from Merck, Germany.



APPENDIX B

Preparation for non-denaturing polyacrylamide gel electrophoresis

(Native - PAGE)

1. Stock solutions

2 M Tris-HCI (pH 8.8)

Tris (hydroxymethyl)-aminomethane 242 g
Adjusted pH to 8.8 with 1 M HCL and adjusted volume to 100 ml with
distilled water.

1M Tris-HCl (pH 6.8)

Tris (hydroxymethyl)-aminomethane 121 ¢
Adjusted pH to 6.8 with 1 M HCL and adjusted volume to 100 ml with
distilled water.

1 % Bromophenol blue ( V)
Bromophenol blue 100 mg

Brought to 10 ml with distilled water and stirred until dissolved.
Filtration will remove aggregated aye.

2. Working solutions

Solution A~ (30 % ( /V) acrylamide, 0.8 % ( /V) bis-acrylamide )
Acrylamice 292 ¢
N,N’-methylene-bis-acrylamide 08 ¢
Adjusted volume to 100 ml with distilled water.

Solution B (15M Tris-HCI pH 88 )
2 M Tris-HCl (pH88) B m
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Distilled water 25 ml

Solutione  (0.5M Tris-HCl pH6.s)
IM Tris-HCl (pH 6.8) 5 ml
Distilled water 5 ml

10 % Ammonium persulfate
Ammonium persulfate 05 ¢
Distilled water 50 ml

Electrophoresis buffer (25 mM Tris, 192 mM glycine )
Tris (hydroxymethyl)-aminomethane 30 ¢
Glycine 144 ml
Dissolved in distilled water to 1 litre without pH adjustment
(final pH should be approximately 8.3 )

bx Sample buffer
(312.5 mM Tris-HCI pH 6.8,50 % glycerol, 1% bromophenol blue )

LM Tris-HCl (pH6.8 ) 06 ml

Glycerol 50 ml

1% Bromophenol biue 05 ml

Distilled water 14 ml
. Native -PAGE

1.7 % Seperating gel

Solution A 26 ml
Solution B 25 ml
Distilled water 49 ml
10 % Ammonium persulfate 5N pi

TEMED 50 i



50 % Stacking gel
Solution A
Solution ¢
Distilled water
10 %Ammonium persulfate
TEMED

0.67
10
2.3
30
5.0

ml
ml
ml
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APPENDIX ¢

Preparation for denaturing polyacrylamide gel electrophoresis

1. Stock solutions

2M Tris-HCI (pH 8.8)

Tris (hydroxymethyl)-aminomethane 242 ¢
Adjusted pH to 8.8 with 1M HCL and adjusted volume to 100 ml with
distilled water.

IM  Tris-HCI (pH 6.8)

Tris (hydroxymethyl)-aminomethane 21 g
Adjusted pH to 6.8 with 1M HCL and adjusted volume to 100 ml with
distilled water.

10% SDS ( V)
Sodium dodecy! sulfate (SDS) 109
Added distilled water to a total volume of 100 mil

50 % Glycerol ( /V)
100 % Glycerol 50ml
Added 50 ml of distilled water

1 % Bromophenol blue (W/V)
Bromophenol blue 100mg
Brought to 10 ml with distilled water and stirred until dissolved.
Filtration will remove aggregated dye.
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. Working solutions

Solution A (30 % (W/V) acrylamide, 0.8 % (W/V) bis-acrylamide )
Acrylamide 292 ¢
N,N’-methylene-bis-acrylamice 08 ¢
Adjusted volume to 100 ml with distilled water.

Solution B (L5M Tris-HCI pH 8.8,0.4 % SDS)

2 M Tris-HCI (pH88) Hml
10% SDS 4ml
Distilled water 21 ml

Solutione  (0.5M Tris-HCl pHe.8,0.4 % SDS)

IM Tris-HCl (pH 6.8) 50 ml
10% SDS 4 ml
Distilled water 46 ml

10 % Ammonium persulfate
Ammonium persulfate 05 ¢
Distilled water 5 ml

Electrophoresis buffer (25 mM Tris, 192 mM glycine , 0.1 % SDS)

Tris (hydroxymethyl)-aminomethane 3
Glycine 144 ml
SDS L9

Dissolved in distilled water to 1 litre without pH adjustment
(final pH should be approximately 8.3 )

bx Sample buffer
(60 mM Tris-HCI pH 6.8,25 % glycerol, 2 % SDS , 0.1% bromophenol
blue, 144 mM 2-mercaptoethanol )

LM Tris-HCI (pH6.8 ) 06 ml

50 % Glycerol 5 m



10% SDS

1% Bromophenol blue
2-mercaptoethanol
Distilled water

3. SDS-PAGE

125 % Seperating gel
Solution A
Solution B
Distilled water
10 % Ammonium persulfate
TEMED

50 % Stacking gel
Solution A
Solution ¢
Distilled water
10 % Ammonium persulfate
TEMED

05
0.9

4.2
25
3.3
50

0.67
10
23
30
5

ml
ml
ml
ml

ml
ml
ml

H
H
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APPENDIX D

Calibration curve for protein determination by Lowry’s method

0.4 5

y = 0.003 x
R? = 0.9975

Absorbance at 610 nm

0 20 40 60 80 100

Protein (Ug)



Conductance (mS/cm)

APPENDIX E

Calibration curve for conductivity of potassium chloride

160 - y = 80.735 x
R? =0.9995

[ Potassium chloride ] (Molar)



Conductance (mS/cm)

APPENDIX F

Calibration curve for conductivity of ammonium sulfate

140 1

120 4 y = 5.2993 x
R? = 0.9983

0 5 10 15 20

Saturated ammonium sulphate (%)



APPENDIX G

Phenylalanine analogs and their effects as substrates or inhibitors against L-phenylalanine

L-phenylalanine
(a-Amino-P-phenylpropionate)

Phenylalanine analog

a-Amino-P-phenylbutanoate

nh? ﬁ
/ \ ch2ch- C—0H
2L/
Structure
[--em-X NH2 0

(/ ">CH -CH—C-OH
in,

Substrate "

Inhibitor b

ND



Phenylalanine analog

[T-Fluoro-DL-phenylalanine

m-Fluoro-DL-phenylalanine

0-Fluoro-DL-phenylalanine

>

Structure

NH2
ch2ch-

cJ h-

0
c - oh
L oh

Substrate "

Inhibitor h

ND

ND

¥4l



Phenylalanine analog

Hydrocinnamate
(3-Phenylpropionate)

DL-P-Phenyllactate
(DL-2-Hydroxy-3-phenylpropionate,
DL-a-Hydroxyhydrocinnamate)

I\V-Methyl-L-phenylalanine

Structure

- ch2ch2-c-oh

-CH2CH -C -0 H

CH3NH 0

- ch2ch- ¢c - oh

Substrate "

Inhibitor b



Phenylalanine analog Structure Substrate a  Inhibitor h

~ X NH20

-Methyl-DL-phenylalani
a-Methyl-DL-phenylalanine 0 y-CH2- C _ (I,MOH

(a-Amino-a-methyl-P- N N
phenylpropionate) X ch3
[— ° \ \
[;-Hydroxyphenylacetate HO— (A CH2—C-OH

a Sstrate of the Bacillus sp. BCL PheDH.  This result was obtained from suibstrate specificity on oxiclative deamination experiment  (section 2.9.2)
b Inhibitor of the Bacillus sp. BCL PheDH against L-phenylalaninc.  This result was obtained from the inhibitor}' effects of nonsulostrate phenylalanine
analogs on oxicative deamination experiment (section 2.9.9). Only nonsulbstrate phenylanine analogs were test on this experiment.
Y=Yes. N=No, ND = Not cetected



APPENDIX H

NAD + analogs

!

T : ity
Nicotinamide moiety — > @

N

Adenine moiety

0CH, o ’ /

OH OH

P—O P OCHZO
OH OH

Nicotinamide adenine dinucleotide (NAD+

The NAD+analogs used in this work can be divided into 3 groups based on their
modified structure,

1. Coenzyme analog modified at C-2 position of the adenosyl ribose

1
= | C——NH2
oCH, o Nicotinamide adenine-
dinucleotide phosphate
(NADPH

OH OH

P 0— P OCH20

HO™ "0 -
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2. Coenzyme analog modified at the amino group in the adenine moiety

0]
I
a C— NH,
€ |
N/
OCH, 0
O\
I HN I |f\.'
OH OH L\N N)
0 0
I I
l?—O—FI’—OCHzo\
0o~ OH
OH OH

Nicotinamide hypoxanthine dinucleotide (Deamino-NAD)

2 i
/ c— NH, ~_C—NH|
ek I
N
OCH, o 0CH, 4
HN IN
OH OH HZN OH OH y
N
ll
P—0- p OCH; 4 p ooH20
0‘ OH
OH OH OH OH

Nicotinamide guanine dinucleotide Nicotinamide 1, A*-ethenoadenine dinucleotide
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3. Coenzyme analog modified at the nicotinamide moiety

Sk
N
0CH o NH,
NZ | N
N
O
OH OH N
0 0
Il I
P—0—P—0CH, ,
0~  OH
OH OH

3-Acetylpyridine adenine dinucleotide

i
N I
N
OCH, 0 NH,
Nf"rm
k I
N
OH OH NT N
0 0
1 Il
FI’— 0 —IT—OCHz o
< o8 OH
OH OH

Thionicotinamide adenine dinucleotide

0
= .C—H
xF l
N
N/, N
K l
\
OH OH N N/l
0 0O
Fl:I'—O }I3‘ 0
| L (%HZO
o~ OH
OH OH

3-Pyridinealdehyde adenine dinucleotide

OH OH
0 0
il

I
P—0 —P—0CH

| I 20
o~ OH

~—OCH, 0 NH,
l/ N | lN
o

OH OH

Nicotinic acid adenine dinucleotide
(Deamido-NADH



APPENDIX |

Effect of amino acids as substrates or inhibitors against
L-phenylalanine on phenylalanine dehydrogenase from B. badius BCI

1. Amino acids with non-polar side chains

Amino acid Substrate a Inhibitor b
D-Gly N N
D-Ala N N
D-Val N Y
D-Leu N Y
D-Met N Y
D-Trp N Y
D-Phe N Y
L-Gly N N
L-Ala N N
L-Val Y ND
L-Leu N Y
L-lle N Y
L-Met Y ND
L-Trp Y ND
L-Tyr N Y
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2. Amino acids with polar uncharged side chains

Amino acid Substrate Inhibitor b
D-Ser N N
D-Thr N N
L-Ser N N
L-Thr N N
L-Asn N N
L-Cys N N

3. Amino acids with positive charged side chains (basic side chains)

Amino acid Substrate " Inhibitor b
D-Arg N N
D-His N N
D-Lys N N
L-Arg N N
L-His N N

L-Lys N N
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4. Amino acids with negative charged side chains (acidic side chains)

Amino acid Substrate 0 Inhibitor b
D-Asp N Y
D-Glu N Y
L-Asp N Y
L-Glu N Y

" Substrate of the B. badius BC1 PheDH. This result was obtained from substrate
specificity on oxidative deamination experiment (section 2.9.2).

b Inhibitor of the B. badius BC1 BheDK against L-phenylalanine. This result was obtained
from the inhibitory effects of nonsubstrate D- and L-amino acids on oxidative deamination
experiment (section 2.9.9). Only nonsubstrate phenylalanine analogs were tested on tins
experiment.

Y=Yes, N=No, ND = Notdetected



Reagent

Acetic anhydride
[l-acetylimidazole
acrylonitrile
Aldehyde/ NaBHU
;VV-bromosuccinimide
IV-carboxyanhvarides
Cyanate

Cyanogen bromide
12-cyclohexanedione
Diacetyl trimer
Diazoacetates
Diazonium salts
Diethylpyrocarbonatg
Diketone
Dinitrofluorobenzene

b,5-dithiobis (2-nitrobenzoic acid)

Ethyleneimine

— nh?

+++

I+ 1+
I+ 1+

++4

++
it

+++
+-H-
++4°
+++

Reactivities of amino acid side chains (9

-H-+h
-Htb
+++

4+

++4h

++

++
¢
+t

-<0

APPENDIX J

+HC
¢

++

++h

i+

++

™

0 —M-C

NHj

++4
++4

1h
it

+H

++ ¥
¢

+

1h

++

+++

— — ¢h3

+H-



Reagent

[I-ethylmaleimide

Ethyl thiotrifluoacetate
Formaldehyde

glyoxal

Haloacetates

Hydrogen peroxide
2-hydroxy-5-nitrobenzyl bromide
lodine

O-iodosobenzoate

Maleic anhydride
p-mercuribenzoate
Methanol/ HCL
2-methoxy-5-nitrotropone
Methyl acetimidate
O-methylisourea

Nitrous acid

Performic acid

— NH2

++

444b

+-H-
+4-

444e

444e
+4+
444
444

444

444

444
444
44
444
444
++C
444

444

+t4

-0

-0 H

444

4+

++b

N

+++

4+

++b

NH

—NH—

+4+

Nl

~00H L0
4
4
444
444
44

— CH
4
4 444
4
444 444

—o
~—



Reagent

Phenylglyoxal -H-
Photooxidation

Sodium borohydride

Succinic anhydride 4-4-+
Sulfite

Sulfonyl halides +4-+
Tetranitromethane

Tetrathionate

Thiols

Trimtrobenzenesulfonic acid tit
W ater-soluble carbodiimide and t

nucleophile

+4-+

++4h

+4h

+4-+
+4+

+t4

++4

t++

+4t

+4ed-

+t+

+4+

-+ ++, and +++ indicate relative reactivities; £, ££, and +++ likewise indicate reactivities which may or may not be attained depending on

the condition used.

b Spontaneously reversible under the reaction conditions or upon dilution, regenerating original group.

¢ Easily reversible, regenerating original group.



APPENDIX K
Modification reactions of group-specific reagents (98)

Modification reaction of A-acetyiimidazole (NAI) with tyrosine residue in
protein (P)

OH (|3=O

= 0
3 ==
‘ RN AN O NG

Modification reaction of jY-bromosuccinimide (NBS) with tryptophan residue in
protein (P)

~ i i
0) O @) O
C* Y — I8N »
N N
H H O
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Modification reaction of diethylpyrocarbonate (DEPC) with histidine residue in
protein (P)

A\N
C—0—CH,CHs Moy 0
HN / X
f\\N+ 0, >\ N—C—OCH;CH;* CH;CH,0H
X C—0—CH,CH; @
d

Modification reaction of phenylmethylsulfonyl fluoride (PMSF) with serine residue
in protein (P)

o)
i
@—OH + @cm-sozp > @ CH;:S:0- @ + FOH

Modification reaction of 2,4,6-trinitrobenzene sulfonic acid (TNBS) with lysine
residue in protein (P)

®‘NH2+O Q ;| —> O,N NH@+802+H

2
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Modification reaction of phenylglyoxal (PG) with arginine residue in protein (P)

// @——C C// pH -8
NH—C + 2 = .
@' N ' T
NH, O H
H
/N———C——O\
(::}—NH——C< \ /cu——ﬁ—~<::> ¥ H,0
NH—C—O O

Modification reaction of dithiothreitol (DTT) with cysteine residue in protein (P)

5) S ST
(:]:‘ TSR =—— LT ) <E): L R—5—S—R
N\ T a—" 3

\/ . -

S S—SR S

SH S

g 2
CH, SH . ci, s .
= | | +2H
CHOH _CH, CHOH _CH,
~CHDH CHOH
dithioerythritol dithioerythritol

(reduced) (oxidized)




APPENDIX L

Comparison of product inhibition patterns of phenylalanine dehydrogenases from various bacteria

Substrate
NADH
B. badius , Rhodococcus
R. maris
BC1 sp. M4
NAD+ C C C

L-phenyl-  NC uc NC
alanine

C; Competitive inhibition pattern

NC;  Noncompetitive inhibition pattern

UC;  Uncompetitive inhibition pattern
. No data

T.inler-

medius

c

NC

Product inhibition patterns

Phenylpyruvate
B. badius . : Rhodococcus T.inter-
BC1 AR 6 M medivs
UC ucC NC UcC
NC NC NC NC

B. badius
BC1

uc

uc

Ammonia

R. maris

uc

NC

Rhodococcus
sp. M4

NC

T. inter-
medius

uc

uc



APPENDIX M

Comparison of properties of PheDHs
from Bacillus badius BC1 and Bacillus badius 1AM 11059

Properties

Native molecular weight
Subunit molecular weight
Structure

Isoelectric point (pi)

pH optimun
Oxidative deamination
Reductive amination

Inhibitors

Substrate specificity
(% relative activity)
Oxidative deamination
L-phenylalanine
L-tyrosine

L-tryptophan
L-methionine

L-valine

L-leucine

L-isoleucine

B. badius IAM 11039 0

335,000
41,350
octamer

35

104
9.4

AgN03, HgCl2,
p-chloromercnribenzoate

100

wW B~ oo &~ o

0.2

B. badius BC1

358,000
44,500
octamer

ND

10.7
8.3

AgN031HgCI2, FeCI3

100

O O D B o



Properties

L-norvaline
L-norleucine
L-phenylalaninamide
L-phenylalaninol
L-phenylalanine methyl ester
[5-fluoro-DL-phenylalanine
-fluoro-DL-phenylalanine
0-fluoro-DL-phenylalanine
a-amino-P-phenylbutanoate
D-amino acids

Reductive amination
phenylpyruvate
y>-hydroxyphenylpyruvate
a-ketovalerate
a-ketocaproate
a-ketoisovalerate
a-ketoisocaproate
a-ketobutyrate
a-ketohexanoate
a-keto-y-methylthiobutyrate
a-keto-y-methylvalerate
a-keto-y-methylpentanoate

Apparent Km (mM)
L-phenylalanine
NAD+
NADH
phenylpyruvate
ammonia

171

B. badius 1AM 11059 a B. badius BC1

5 ND
19 ND
9 ND
9.4 ND
38 ND
34 1
1 5
2 0
ND 8
ND 0
100 100
53 0
12 3
ND 12
ND
ND
3 0
3l ND
16 0
4
13 ND
0.088 0.59
0.15 0.28
0.21 0.067
0.106 0.33
127 200
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a Bacillus badius IAM 11059

Asano, Y., Nakazawa, A., Endo, K., Hibino, Y., Ohmori, M., Numao, N., and Kondo,
K. 1987. Phenylalanine dehydrogenase of Bacillus badius: Purification, characteriza-
tion and gene cloning. Eur. J. Biochem. 168: 153-159.

ND = Not determined



APPENDIX N

Abbrevation for amino acid residues @

Amino acid 3 Letter-Abbreviation
Alanine Ala
Arginine Arg
Asparagine Asn
Aspatrtic acid Asp
Cysteine Cys
Glutamine Gin
Glutamic acid Glu
Glycine Gly
Histidine His
Isoleucine lie
Leucine Lt]
Lysine Lys
Methionine Met
Phenylalanine Phe
Proline Pro
Serine Ser
Threonine Thr
Tryptophan Tip
Tyrosine Tyr
Valine Val

Unknown

1-Letter-Abbreviation

- M == X rmr— TLT oo Mmoo o O =Z u >
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