PIGMENTS PRODI

Zymomonas solatedy from Department  of
Biological, Faculty ey

‘& = ,
on the YGP agar mediury o extract, 1% peptone, 5%

glucose and 1.5% ag ,) AriC | O°C for 48 hours in the

University was innoculated

aerobic conditions. The' celomnies - w ound to be very small. The plate

was left in an incubato r A -f- hours. Very good growth and

-

pigments produc T_ﬁ 1
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1.1 Analytical Thin Layer Chromatography

Adsorbent : Precoated TLC plates of silica gel G60 F- 254
(E. Merck).
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Layer thickness : 250 um.

Plate size :10x 5 cm.

Technique : One way, ascending.

Distance : 8.5 cm.

Temperature : Laboratory temperature (29° C - 35°C).

Solvent systems ' | \ ’ }tems depending on the separated

Detection

G wn eveloped for the pyrrolic

¢ compounds

AU ok %ﬁ%@ﬂ%’l@ﬂ@m ERiE

vapourg for 2-5 minutes.

ARIANN 3TN NWI'J\‘VIEJ']G d

1 2 Preparative Thin-Layer Chromatography

Adsorbent : preparative TLC plates of silica gel 60 F-254
(E. Merck).
Layer thickness : 1 mm.



Plate size : 20 x 20 cm.

Technique : One way, ascending.
Distance :18.5 cm.
Temperature : Laboratory temperature (29° C - 35°C).

Solvent systems : Various solvent systems, depending on the separated

Loading of the Sample Ex

er day light.
nunder vitraviolet light at the
54 ar A% 65 nm.

Detection

w raped off the plate and

plvents. The solvent was

<= evaporated on a rotary evaparator under reduced

o ']

2

g—
2confi GHEFHHT TNEN
LRGSR 112716 2

Absorbent : Silica gel 60 (number 7734), particle size
0.063 - 0.200 mm (70-230 mesh ASTM).
Column size : Glass column 2-4 inches diameter.

Packing : Dried packing.



Sample loading : Carefully loaded the small amount of dried silica
gel which adsorbed the sample extract, avoided
disturbing the surface of the gel.

Solvent : Various solvent systems, depending on the separated
compounds.

Collection the eluate :

2.2 Flash Colufin.C]
Adsorbent : Silicd' g : .‘ (4 \ .% particle size under

Column size . Glags f:f:-. 3t
Pack:ing Dr1ed packir ng., s
Sample loading (-3¢ _,____ Aeunt of dried silica

m i" extract, avoided

c}lsturbmg the surface of the gel.

EXW”I"“FTW‘VIEW]‘?WEJ'W?

The separation of 31m11ar pigments 30111 the column

q ‘W R TR i b iy

Fractions were examined by TLC using visual

detection under day light, ultraviolet light at the

wavelenghts of 254 and 365 nm, iodine reaction
and Ehrlich - reagent, respectively.

The similar fractions were combined and

54
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evaporated to dryness.

Solvent : Various solvent systems, depending on the separated
compounds.

Collection the eluate :

Collect and combine the eluates of each color band

2.3 Gel Filtr
Adsorbent
Column size : : : :
Packing e ddgor AN ispended in the eluent and left
i proximate 24 hours. The
0 5 into a column and allowed to
be settle am n‘ ,
Sample loading g rasmall volume of

avoided disturbing

Exammatwlﬂf%ﬁ#ﬂ NUNTNYINT

The separation of suglar plgmentstg'om the column

A WIANE I | BHE bty

Fractions were examined by TLC using visual

detection under day light, ultraviolet light at the

wavelenghts of 254 and 365 nm, iodine reaction
and Ehrlich - reagent, respectively.

The similar fractions were combined and
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evaporated to dryness.

Solvent : Various solvent systems, depending on the separated
compounds.

Collection the eluate :

Collect and combine the eluates of each color band

itable solvents that

AN
l\\\\

K\ dissolved impurities at

4. Spectroscopy

4.1 U]tra ;,::.::::;‘;:;:a:;;:..:::;;;:;;;:;:;:;;:;‘ h
V. 3 o
Ultravmlqt spectra  were obtained from a Shimadsu

double bealfl é‘p}@;@e%ﬁ] Q%ﬂ fof ‘Bifatmaceutical Chemistry,

Faculty of Pﬂannaceutlcal Seiences, Chulalongkorn Wniversity). The

sampie) Werd Blsbvea) o4 m&’l’}r‘iﬂ& Wi idjusted using

acetone benzene, chloroform, ethanol, ethyl acetate, hexane, and

methanol as solvent.

Sample Preparation : Accurately weighed 1 mg of sample dissolved
and adjusted with chloroform in 10 ml volumetric flask. The dilution
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could be made in order to obtain a certain concentration for the
calculation of absorptivity.

Acid and alkali conditions for spectral analysis were obtained by

adding 1 ml of 1 N hydrochloric acid or 1 ml of 1 N sodium hydroxide

ﬁthanol solution.

| d with a Jusco FP-777
aceutic al Chemistry,Faculty of

solution, respectively, to 10 ml

Pharmaceutical Scie { versity).
The samples e _:-_'--l--. ive the concentrations were

o

vV
4.3 InfrareG-Spe

‘ﬁ‘%ﬂdﬁ;@% o ‘é;anﬁ Wil % Shimadsu TR-440

infrared speﬂ:rometer (The , Scientific and Tec oglcal Reserch

Bt NCHN PR Uk Bn’é @ fim on sodium

chlonde window to determine the spectra.
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4.4 Mass Spectra (MS)

The Electron Impact Mass Spectra (EIMS) were obtained
from Finigan Mat Incos 50, quadrupole mass spectrometer which was
operated at 70 eV (Department of Chemistry, Faculty of Sciences,
Mabhidol University).

A few mcg ‘ in d directly into the ionization
chamber using sampl | as heated and the mass was
scanned. The num : d recorded as a mass
spectrum.

4.5 Proton an gnetic Resonances Spectra
(*H and °C
The otrd /125 MHz  °C NMR

ith a JEOL JMN-A500
spectrometer (The §ment1ﬁc and chnologlcal Research Equipment

et Chlﬂﬁ%ﬁl@%w 5 WBNS
QI BSA TR N AR 3 B s e

chemlca(l shift of trimethylsilane (TMS) at 0 ppm as the reference signal.
Whereas deuterated chloroform (CDCL) + 0.05% TMS (V/V) and

deuterated methanol (CD;OD) were used as operating solvents.
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30 - 50 mg of sample was dissolved in 1 - 2 ml of deuterated
solvent, filtered, and transfered to a 5 mm NMR tube Push the sample
tube into a spinner then insert the sample tube and spinner into the
sample depth guage. The tube was adjusted until the round bottom was

just below the bottom mark appropriate to the sample tube diameter.

and decay time (rifigigt _- -_ : 1 signal. The parameters were
roton NMR, carbon-13 NMR,

mﬂ a Buechi glass capillary
apparatus (Electrothgrr‘gel Melting Pgnt Apparatus) (Department of

Pharmaceutigal | | Ehénifhy} | ‘F“P@{w Ejt’]lﬂaﬁaceuﬁcal Sciences,

Chulalongkox?‘lI University). ¢

A few mg of sample was ground in agate mortar and a finely
powder was filled into capillary tube which was sealed at one end. The
sample tube was put into the instrument and the temperature was raised
at arate of 4° C - 5° C per minute and 1° C per minute at the melting point

range.
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6. Solvents

All chemical were of analytical grade and solvents were

purified by redistillation.

1 J ates (100 plates) were

extracted with the ‘ ‘: mel ﬁ‘s '}\h\ oform (1:1) solution (5 L)
‘ " \\ nnel. The filtrate was

blood-red solution. ' ea tiitre ‘v, ‘were concentrated under
reduced pressure to ab 0 ginal volume. The concentrated
extract was basified wi -m ated. al . ia solution and partitioned with
hexane. Washe ————--—— get) (5 1) with diluted
l; as discarded. Then the

ammonia solution '*ﬁ" d

hexane extract w¥ evaporated under reduced pressure to dryness

e, o FAHARENINBIART>
QT VRG] S TR B o

were performed using chromatography techniques.
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Agar plates (with red colonies)

extracted with a mixture of

chloroform and methanol

(1:1)
/r er through sintered glass
&/’
) —

-red solution

(Agar, nutriefits, bries) -concentrated

§ _diluted with
diluted ammonia
solution

-partitioned with

hexane

-

AY )

" hexane extract
.H

(discarded) (red pigments

ﬂ'lJEJ’J‘VIEJVlﬁW Ej’mdﬁermmm)
AN éNﬂ‘iﬂJ wmﬂa%

Scheme 5. Red pigments extraction.
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ISOLATION OF RED PIGMENTS

The dried extract (RP, 0.887mg) was deep red greasy semisolid.
The red pigments were 1solated firstly by quick column chromatography
(adsorbent: siliga gel 60 g) eluted with 20% ethyl acetate in hexane
] 10 L

exane from 1% to 10%,

by 1% increment.The Elutds colleeted be ed on the color bands and were

with 8% ethyl acetate mh,@@ne; the fraction was collected (about 10

1.) and evaporatedto dryness (O

The dried sampke was dlssolved in a small volume of chloroform and

passed it tﬁ%ﬂi ’M{]@%‘}Wﬂ}ﬁh@ eluted with 20%

methanol in &hloroform. The gluate collected, based op,the color bands
and s Rl TR bsing $lctlbbetdelifbhne and 15%
ethanol in toluene as developing systems. These red pigments were
separated in 5 colored band (not absolutely separated), purple brown,
purple blue, red brown, deep red and pink. Deep red pigment (in 5 1. of

solvent) was the most part and was almost pure. Other pigments were not



pure and the amounts were too small to be conducted in the

experiments of structure elucidation.

63
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The deep red pigments (0.0916 g) was again dissolved in a small
amount of methanol, basified with diluted ammonia solution and
partitioned with hexane. The hexane extract was combined and
concentrated. It was then separated again by preparative TLC. The
concentrated extract (5Sml) was applied as a narrow band on TLC plate
(10 plates, each 0.5ml) and de el F ed in 50% ethyl acetate in hexane. All

TLC operations were performed. il /a4y t.The plates were dried at
room temperature in -a-fume-h mlor band (about 2 cm broad,

distance 6.7-8.6 cm,

1) appeared separately in two
shades of red color (RP- \ orange-red), Rf 0.45 and 0.40,

D £

respectively, averagg , ... were \itmediately separated from the
plates (each 1 cm bg jad) .I 2l )'There were another two
bands, red brown colof band , \ \ at Rf 0.2 (RP-3) and pink
color band (0.5 cm broad) at : "‘ of which the amounts were

very small and dlﬂicult ﬂ fut om the adsorbent, so it was not

further investigate:

2
ﬂ‘lJEJ’J‘VIEWl‘ﬁWEJ']ﬂ‘i
Q‘W’]Mﬂ‘ﬁm UA1AINYAY



Hexane Extract (0.887 g.)

Quick Column Chromatography:
-eluted with 20% ethyl acetate
in hexane (10 1)

rated to dryness

um Chromatography:

W\

% 4 ‘w ent elution with mixture
Jhsolution of ethyl acetate

u\ iexane (1% to 10%, 1%

ancrement)

ost red. pigments were
L

AY J
irﬁ:l'. n 8% ethyl

y ¢ acetate ifi hexane (10L)
AU NN TR
I 97 T B89 6 &

Chromatography:
-eluted with 20% methanol in

chloroform.
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-separated in five bands (not
absolutely separation).

-collected the forth band (5 1.).

-evaporated to dryness.

drepatative TLC
leveloped with 50% ethylacetate
n hexane
ect the two red bands at Rf

0.45 and 0.40 as RP-1 and
—2.5¢ pectively
. d

ﬂuHQﬂﬂﬂfﬂ_hni

RP-1(0.027g) _ RP-2(0.045¢)

QW']ﬁﬂﬂ‘iﬂJﬂmeﬁl']ﬁEl

Scheme 6. Isolation of the red pigments.
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CHARACTERIZATION OF ISOLATED COMPOUNDS

1. Characteristics of RP-1

RP-1 was an amorphous red platelets with green metallic sheen. It

was soluble in ethanol, chlorof:

EIMS : m/z (rel

1%), 91 (100%), 57

(Figure 13.)

j
InAmsl ethanol; 534 (1095 X 16) (Figure 14.)

PrEe ’WPEII S22 5 P 15)

o Viidiedd] B A T Hb B B it

3500-3100 (broad)  (N-H stretching)
2925-2854 (strong)  (C-H stretching)
1741 (medium) (C=N stretching)

1599 (medium) (C=C stretching)
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1541, 1458 (medium) (C-H bending of CHs)
1231,1073 (weak)  (C-N stretching)
(figure 16.)

'H NMR : chemical shift, 3, ppm, 500 MHz, in chloroform-d,;

6.96 , (IH, sb)

ﬂ;@;ﬂ gyﬁmw 275 7))

A BANERUNINYA Y

(Figure 17.)




BONMR  : chemical shift, 8, ppm, 125 MHz, in chloroform-d;;
(relative to internal standard TMS, multiplicities
determined by DEPT spectrum)

1400 (Q)
14.91

2533 DN
20 34T}
29.80
30.30
58.69
92.8
111.7%
116.06
117.00

125. 9‘ (S) y
ﬂlﬁ%?@ﬂﬂﬁw aNip]
o W igbssT) 3l UNIINYIRE
147.09  (S)
14775  (S)
16579  (S)
(Figure 20.)

mp : 150°C - 152°C
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2. Characteristics of RP-2

RP-2 was an amorphous red platelets with green metallic sheen. It

was soluble in ethanol, chloroform, hexane.

EIMS

ra:{ 46
LA

\Z ’ R .
In ;i”\ ; 40%) (Figure 25.)

In Agid ethanol; 535 (1313 X 10% (Figure 26.)

A T Bag BB ) 3

¢ 533(293X10°

Qﬁqﬂﬂﬂ‘imm’ﬂ?ﬂﬂﬂﬂﬂ
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FLUORESCENCE : wavelength, A, maximum nm,;

Excitation : 380

Emission : 688

(Figure 28.)

IR . frenquency, \\ 1, TirSHilm on sodium chloride window; .

3500-3300=¢ ) ﬁstretching)

2925, 2853 sfiong) (. (G-H stretching)

1741 o Awgdium) | (C=Nstretching)
W \) N\

1601 4 Ahédiom) | C‘\\n‘\ retching)
1541, J#59(hedinmy) N ending of CHj)
1244, 1136,1020 (weak)" (€-N stretching)

974, 823 (weak)  w(C-H bending out of plane)

(= )
IH NMR ‘ . : l‘: in chloroform-d;;

(relatpve to mternal S dard TMS.)

ﬂ‘UEJ’JVIEWﬁWEJ’mi

Y092

QW?@ﬁﬂ‘iﬂJNﬂﬂ’mﬂ’m&J

144  (2H, q,J=17.63)

182  (3H,s)
222 (2H, t,J=17.63)
395 (34, s)

6.04  (1H, sb)
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6.15  (1H, dd)
633  (1H, sb)
6.66  (1H, dd)
6.68 (1H, sb)
6.79  (1H, sb)
(Figure 30.)

(relaty

O
{/ NN
1.‘
detegrmin€d't P 1 S
§
L) E

22.50 ¥ @z 3

(TP 7

2551

— \ é

BCNMR  : chemieaishift, 5, °

ppm, 125°MHz, in chloroform-d;;

Aterfal standard TMS, multiplicities
7/ L\ ¥

o — -

10 00

58, oq.

ﬂuaawﬁﬂsWHﬂnﬁ

Q)

(D) ¢

amaﬂ)ﬂmum'mmaﬂ

115.78
- 120.78
122.35
124.25
127.42

(D)
D)
S
(S



12841  (S)

136.44  (S)
137.90  (S)
158.81  (S)
160.65  (S)

mp

AULINENINYINT
ARIANTAUNNINGIAY
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0.64%

8.4

9.2-

AUEINENINGINS
ARADIUNAIANUIA o,
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ﬂ‘NEJ’J‘VIEWI?WEﬂ"Iﬂ‘i
Qﬁﬂﬁﬂﬂimﬂﬁ'l?ﬂﬂ'laﬂ

Ligure 13. The UV-VIS spectrum of RP-1 in chloroform.
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Figure 17. The 500 Mhz '"H NMR spectrum of RP-1 in
deuterated chloroform.
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Figure 17.1. The 'H NMR spectrum of RP-1, cxpandcd at

80.80-2.6 ppm.
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- Figllre 17.2. The 'H NMR spectrum of RP-1, expanded at
§6.07 - 7.32 ppm and 12.4 - 13.1 ppm.



Figure 17.3. The assignment of "H NMR spectrum of RP-1.
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Figure 18. The H-H COSY spectrum of RP-1.
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Figure 18.1. The H-H COSY expanded spectrum of RP-1 showing
the coupling between signals at & 1.55 and 2.39 ppm.
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| Flgure 18.2. The H-H COSY expanded spectrum of RP-1 showing
' the long-range coupling of 51gnals at 8 239, 1.35,
and 6.68 ppm.
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| Figure 18.3. The H-H COSY expanded spectrum of RP-1 in the olefinic
region showing the coupling between signals at 5 6.35, '
6.92, and 7.23 ppm.
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region showing the long-range coupling of signals at

3 6.

35, 6.92, and 7.23 to the signal at 5 12.57 ppm

and the long-range coupling between signals at 6 6.08
and 6.68 to the signal at 3 12.75 ppm.
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" Figure 18.4. The H-H COSY expanded spectrum of RP-1 in the olefinic
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Figure 19. The '"H NMR spectrum of RP-1 in olefinic region,
irradiated at 3 6.923 ppm.
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Figure 20. The 125 Mhz C NMR spectrum of RP-1 in
deuterated chloroform.
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Figure 21. The DEPT .spectrum of RP-1.
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- Figure 22. The C-H COSY spectrum of RP-1.
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gure 26. The UV-VIS spcctrum of RP-2 1 n, 1 acid ethanol.
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Figure 28. The l"lug,resccncc spectrum of RP
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Figure 29. “l“ Intra-red s ectrum ol RP v
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Figure 30. The 500 Mhz 'H NMR spectrum of RP-2 in
deuterated chloroform.
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Figure 30.1. The "H NMR spectrum of RP-2, expanded in L
~ aliphatic reglon: © g0rzEv B ; :
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F igure 30.2. The lH NMR spectrum of RP-2, expanded in
olefinicic regmn
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Figure 30.3. The assignment of '"H NMR spectrum of RP-2.
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Figure 31. The H-H COSY spectrum of RP-2.
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H=HCOSY .

Figure 31.1. The H-H COSY expanded spectrum of RP-1 showing

the coupling between signals at 3 1.44 and 2.22 ppm.
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Figure 31.2. The H-H COSY spectrum of RP-2 expanded in
the olefinic region.
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Figure 32. The '"H NMR spectrum of RP-2 in NOE experiments.
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.Figure 33. The 125 Mhz *C NMR spectrum of RP-2.
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Figure 34. The DEPT spectrum of RP-2.
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Figure 35. The C-H COSY spectrum of RP-2.
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Figure 36. The HMBC spectrum of RP-2.
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Fi 1gure 36.1. Assignment of carbon at2 -, 3 - and 4 —posmon
in the _prodigiosin molecule.
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Figure 36.2. Assignment of quarternary carbon at 2-, 3

- and 4-position
in the prodigiosin molecule.
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Figure 36.3. Assignment of quarternary carbon at 7-, 8-, and
10-position in the prodigiosin molecule.
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Figure 36.4. Assignment of quarternary carbon at 7- and 8-position
in the prodigiosin molecule.
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ngure 36.5. Assignment of quarternary carbon at 2-, 3-, 5-, 7-, 8-, 10-,
and 11- posmon in the prodigiosin molecule.
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MUTATION EXPERIMENT

Mutant strain of Zymomonas mobilis CM 141 producing red
pigments was induced to the mutation for the purpose of producing
larger amount of red pigments. The mutations were conducted by

ultraviolet light and chemigals! 'Ad active (24 hours) broth culture of

mutant strain of Zymomionas mobilis 41 was mixed with a mutagen
—
and the reaction was™stopped B MIOO into the YPG broth,

incubated at 30° C_fe . S ‘\.\\ tants were streaked on the
For. Suitab) time, the pigments were

Pigmented strains_of Zy#0mmo obilis were innoculated on the

YPG agar plates &-— acubated at 30°C for 24 \ urs The pure colonies
were isolated, mnoﬂla g incubated at 30° C for 24

hours. Again transfergd.one loop of the, YGP broth culture to another YGP

broth and uﬂbuﬂa%m &Jt%] ﬁw&; m ﬁas the active broth

culture.

Q‘W']Mﬂ‘im UA1AINYAY
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2. Mutation treatment

2.1 Treatment by ultraviolet light

Placed the active culture broth of the mutant strain of

lamp, stirred with magnetic stirrer

s Serial ten-fold dilution was

done to stop the reaetion : Qdomes were isolated. The
mutants were cultured o L  agar for the pigments production.
2.2 Treatment bs -'
J;a l'*

2.2.1 N-methgl-] ﬁy,- " nitrosoguanidine (NTG)

Mixed well the~ g 31 ute. broth of mutant strain of
Zymomonas mot Y;Té’i?j’ff’;—k-i’-’-—;i'i.;:i'-'.';‘n‘.ﬁ‘i.!, ‘ e concentration 200
mcg/ml. After 10 ﬂ ]

stop the reaction andy the pure colonies were isolated. The mutants were

cutured onfe bl %WW@’M@
q mm&m UA1AINYAY

Mixed well the active culture broth of mutant strain of

‘-- old dilution was done to

Zymomonas mobilis with 1M hydroxylamine solution and 0.001M EDTA

solution. After 10, 20 and 30 minutes, serial ten-fold dilution was done to



119

stop the reaction and pure colonies were isolated. The mutants were

cultured on the YGP agar for the pigments production.

3. Pigment production

incubated at 30° C in the.aerobt od ation for 24-72 hours. The pigments

The pigments agal —.- e were extracted with the mixture of
methanol | en filtered through sintered
glass funnel, The filtr ~ff for UV-VIS spectrum (200-700

" nm). The maximum "w elength and absorbance were

recorded. _y ;.,
AULININTNEINS
RIAINTUNRINYIAY

J
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Pigmented strains of Zymomonas mobilis

-Isolation of pure colonies

-Culture on YGP broth

oth culture

2

,,,,, fation treatment

loculation on YGP agar

bation at 30° C under aerobic

Extractlon, Filtration

ﬂ’UEJ’JVIEJ INYINT

AR aﬁnim‘“ﬁ*ﬁ“ﬁﬁ“ﬁ'ﬁ"’ﬁé’ g

Maximum absorption wavelength, Absorbance

Scheme 7. Mutation Experiment.
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CHARACTERISTICS OF THE MUTANTS

The mutants produced pigments colonies of the following colors:
yellow, pale-orange, deep orange, violet, red with green metallic sheen,

pale green, pink and red. These were shown in Table 8.

Table 8. Mutation treatments afd” Vacteristic of the mautant

strains.

Treatments Paren Characteristic
size color

lours) (diameter,

mm)

- _ _ Ve | 4-5 red
UV light :gr':'—'?~=“=“_-; 2-3 pale yellow
NTG CM 14 10 -0 1-2  dark orange

ﬂﬂﬂ?ﬂﬂﬂiﬂﬂ'}ﬂ‘i 5 e
pale orange

Sl TN zw

10 A 24 red
Ajp 48 4-5 green-violet
disappeared

after 48 hrs
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Table 8 (cont.). Mutation treatments and characteristic of the mutant

strains.

Treatments Parent strain Time of Code Culture  Characteristic

exposure time size color

1te (hours) (diameter,

AW ‘/4‘ -
4-5 pale pink
4-5 red with
green
metallic
sheen
4-5 pale pink |
4-5 pale pink
4-5 pale pink
24 4-5 palered
Ca | 0A 149 48 - 4-5 violet
FJIUEJ"JV] Ejﬂmgm‘j 4-5 violet
| IR 24 /45 red
Q‘IW’] aﬁfﬂimumﬁﬂzjq aﬁlﬂ pale green
disappeared
after 48 hrs

Ajss 24 4-5 pink
Ajss 24 4-5 pale pink
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Table 8 (cont.). Mutation treatments and Characteristic of the mautant

strains.

Treatments Parent strain Time of Code Culture  Characteristic

exposure time * size color

2

(hours) (diameter,

mm)
Hydroxylamine 4-5 pink
4-5 red with
metallic
sheen
4-5  red with
metallic
o sheen
;r. ‘ 4-5  deepred
) ,, 4-5  red with
Ca Y . metallic
ﬂuﬂq‘ﬂﬂwi‘wg’]ﬂ‘i sheen
9 » YL red
PRNTUNLLINEED
30 Aso 24 4-5 deep red

A75 24 4-5 pmk
A107 24 4-5 red
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Table 8 (cont.). Mutation treatments and Characteristic of the mautant

strains.

Treatments Parent strain Time of Code Culture  Characteristic

exposure time size color

(hours) (diameter,

N\ | mm)
Agg \ W Adse 4-5  red with
/ 3 \ metallic
: sheen
4-5 red
Az 4-5  pale pink
4-5 orange
4-5 red
'4-5  pale pink
: 3 pale yellow
afhiss 4-5  red with
ﬂUEJ’J‘VIEJVlﬁWEJ’]ﬂ? metalic
sheen
q w’] aqu ‘im uw\‘l’g nﬂq ail pale pink
Ajos 24 ~ pink

30 Ajess 24 4-5 pale pmk
Ajes 24 4-5  pale pink
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Table 8 (cont.) Mutation treatments and Characteristic of the mautant

strains.

Treatments Parent strain Time of Code Culture  Characteristic
exposure time * size color

(hours) (diameter,

mm)

4-5 red with
metallic
sheen

4-5 red

4-5 violet

4-5 pink

4-5  pale pink

4-5  pale pink

4-5  pale pink

‘o | L7
Hydrxylmﬁi WE BN AW BN T 25 deep orange

R 200 Ap e 72 28 deep orange
ARIAIN TN TBE VY s orane
30 Ay 72 4-5  pale orange
30 Asz 72 2-3  deep orange

* culture time for pigmentation
® 0.5 M hydroxylamine solution
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UV-VIS SPECTRUM OF EXTRACTED PIGMENT SOLUTION

The mutants produced pigments colonies of the following colors:
yellow, pale-orange, deep orange, violet, red with greén metallic sheen,
pale green, pink and red. The pigments were extracted by solvent of

methanol and chloroform (1:1) miixture. The extracted pigments solution

Table 9. Absorbanc ' acted pigme solution at maximum

~ AUEINURTNEINT o
fmwmmm ugm'mmau@

Az 280 6.50
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Table 9 (cont.). Absorbance of the extracted pigment solution

at maximum absorption wavelength.

Code Maximun absorption Absorbance

Az 1.80
Azs 1.10
Ase 5.00
Ay 4.80
Aso 4.80
Ass 4.50
Az 3.70
Agg 2.95
Ajo7 4.05
Ajoo | 1l 6.50
Al 5284y 9.00
Ansﬂ”ﬂ?ﬂﬂﬂﬁﬂﬁﬂﬂ? 5.00
Ajze ¢ 540 o
ARTANN 3TN HM'YJ NYNA Y.
A14o 0.60
Aq 535 3.95
Al 470 2.15

Ajaa 290 0.80
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Table 9 (cont.). Absorbance of the extracted pigment solution

at maximum absorption wavelength.

Code Maximun absorption Absorbance

Ajss 1.50
A6 0.95
Ajgg 0.50
Als 1.40
Ajso 0.85
Agst 2.62
Ajeo 1.40
Aie2 4.50
Aies 0.40
Ajes 0.50
Ajes 0.90

Amﬂumwﬂmwmm
{ﬁwmnimﬁmwmaaﬁ

Al 235
Ajgs 530 6.50
Ajss 535 2.65

Ajss 290 0.45
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Table 9 (cont.). Absorbance of the extracted pigment solution

at maximum absorption wavelength.

Code Maximun absorption Absorbance

Aise 5.00
Ajgr 1.10
Ajss 0.65
Ajso 0.60
Ajor 0.70
Ajgs 0.45
Ajos 1.10
Ajos 5.00
Ajgs 0.80
Am T 1.50

AU AMENS WS
ARIANTAUNM TN
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