RESULT AND DISCUSSION

A

ﬂ\\ ained 1% yeast extract,
ﬁ r) and incubated at 30° C for 72

hours in the aerobic n.; N ments on tha agar plates were

The mutant
innoculated on

1% peptone, 5%

extracted by the mi et w*'i [ - "chloroform solution (1:1) and then
filtered throught sinter glas§fuminel. . iltrate was blood-red solution.

TEN sﬁJTHECRUDE

EXTRA‘ﬁ‘UEI’J“fIWﬁWH’]T‘E
ﬂ wm}ﬂ ﬂlﬁ:m usmar l:g m ; aﬁﬂhe color was

changed to deep blue-violet color. The UV-VIS spectrum of the diluted

1. STABILITY 0

solution (60 times in chloroform) and the prolonged standing
solutions (in the tight, light resistance container at room temperature) at
2, 4, and 12 weeks were shown in Figure 37-40. and concluded in Table
10. |
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Table 10. The absorb -;‘a--Kf:—'i o - ontaining red pigments.
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Time (weeks /// Absorbance

0.510

2 0.317
4 0.213
12 0.035
- 0.037

AR TN TN



132

9.6

o
-

O 0 3 80 " 0 u oD

@
N
aekog o o

Figure 37. The UVSVIS spectrum of the red pigiients in the crude extract

at the bcgﬁﬁgﬁ) week
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Figure 38. The UV-VIS Sp d pigim nts in the crude extract

after ‘;tanq'x ng for two wc ks.
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~ Manometers

Figure 4ﬂ uﬂmﬂﬂa ﬂﬂﬂl fﬁmts . tho eruds extrac
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At the maximum absorption wavelength (539 - 541nm), the
absorbance of the solution was decreased from 0.510 to 0.317 and 0.213
when standing for 2 and 4 weeks, respectively. The maximum
absorption wavelength was shifted from 539 nm to 597 and 619 nm with
the absorbance 0.035 and 0.037 respectively when standing for 12

af, V d pigments were not stable and
cture or & standing even in air and light

protected condition. ?

weeks. These were showed

would change their s

The stability roblem in the isolation

decomposition occured

=
EEE
Ll

g

gé«'.if of “the nonpolar solvent used in

2
Because oSthg larg
| )

the elution, the nogpotarco md espect ial _-f? acids which were the
components of _ ms (Bishop d@ﬂl, 1963) were co-eluted
with the reflfj;‘igmemhAnd becauses of the stability, the red pigment

fraction wad Shiarbrd S0bEb e Hbfohebd dndTLC when it was

U
concentrated . in atl “low _t | ‘1 W _50° C) under
' reduciﬁ&ﬁiﬁimﬂpﬁiﬁmﬁ der nitrogen

in the dark for overnight. The preparative TLC was used to purified

in the final step and the pure compound must be conducted the further

experiments immediately.
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Table 11. Separation procedure of red pigments.

Procedure Solvent Volume (ml) Weight (g)

1. Extraction

2. Liquid-liquid 0.887
extraction
3. Quick column *

chromatography a

4. Flash column 8% etk } 0.1885

chromatography)
\F

3

5. Gel filtration 2})% methanol i 1n 5,000

chromatoﬂpu ﬂhl?rmxﬂ ﬂ 5 w H’] ﬂ ‘i
6“‘*@% Niiriotaeh RGE

0.0916

The RP-1 and RP-2 were separated from preparative TLC. The
yield were 3.04 % and 5.07 %, respectively, base on the dry hexane
extracted.
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2. STRUCTURE ELUCIDATION OF RP-1.

Compound RP-1 was an amorphous, red platelets with green

metallic sheen powder that gave positive result with Erlich-reagent. It

melting point was 150° - °C. The diluted solution in solvents

were pink color. The UV-VIS' §pe : RP-1 in ethanol, chloroform,

acid ethanol and bastesethanol (Fi 2¢15.). Table 12 showed the

maximum absorptien™¥Va m wisible“region which implied the
rp s p

conjugated double BondSys

Table 12. The UV-VIS mayioraillRtion of RP-1.

-
A )

1y

Solvents ~Maximum Absorption E™ lcm

Ok Wikt 1113
RENNNTAUIANING V0L .

Chloroform 536 ' 931 X 10°
Acid Ethanol 534 1095 X 10°
Basic Ethanol 532 471 X 10°
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The IR spectrum of RP-1 (Figure 16.) showed the pattern of the
functional group as Table 13.

Table 13. The IR spectrum assi

| ' / of RP-1.

/ ‘ﬁ
Range of absg lp i !F ) \\ \ Assignment
_ ~

3500-3100 (brosz Nz N-H stretching
2925-2800 (sifong) ff i C-H stretching
1741 (mediutr iﬁ 7:: C=N stretching
1599 (medium) “=-=< -"-:'a, C=C stretching
1460, 1380(medi ﬁ, “ C-H bending of CH;

1231, 1073Gweaky——"""""""/ |C-N stretchin
*y.i A,}J stretching

) ]
AULINENINYINS
ARAD SN AUHBIANE VN B et o

bond pyrrolic compound.

I
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The 'H NMR spectrum of RP-1 showed six protons in the
following region, i.e. (Figure 17.) at 5 6.08 (1H, d, J = 2.14 Hz), 6.35 (1
H, ddd, J =2.14, 2.44, 4.02 Hz), 6.68 (1H, d, J = 2.14), 6.92 (1H, ddd,
J=1.50, 2.40, 4.02 Hz), 6.96 (1H, sb) and 7.23 (1H, ddd, J = 1.50, 2.25,
2,44 Hz). Three protons at 8 6.35, 6.92 and 7.23 ppm were coupled each

other and showed the long-range! équpling with the proton at § 12.57 ppm
in the H-H COSY spec (Fii I/, 5¢)._This showed the pattern of three
proton coupling (ABw ' t@ole ring at 2- or 5- position
(Breitmaier, 1993). atd. 6. m. showed the coupling with
the signal at § 6.9 ling with the signal at &
12.75 ppm and the lowed the coupling with the
signal at & 6.96 pp with the signal at 8 12.75
ppm. These couplin | ese three protons were not
in the same pyrrole rin b@ﬁ 1-be~ fe er two tri-substituted pyrrole
rings linked with one methin on. It was concluded that RP-1 was
linear tripyrrole ‘

The nﬁlp wxﬁ ' structure was the
red pigmentq) ourgj)?) e mlcroorgamsm gﬁtton,1983) called
o L T L

2,2 -dipyrrylmethene called prodigiosene (Wasserman et al., 1960).
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Figure 41. 5-(2

The numbe e prodigiosin series was
more appropriate for, \\\ NMR discussion for which
every carbon needed to' be/aum ystem selected had close kinship
to that in Chemical Abs 5:{1" - o1 the bile pigments) (Deol et

al, 1974)

g
© SENYIR 0L A Y o compr

to prodigiosifil compounds rel%prted n hterature were shown m Table 14.

AR SRR AR igwers)
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Table 14. The 'H NMR chemical shift of RP-1 and

prodigiosin-like compounds.

Position Chemical shift (ppm), splitting pattern

1267 1175 nr
652 66d -
. 66d -
712 681ls 69s
620d 610 599 6.1s
590m 690 641d 67
3dsr1 634 5774 62
R 722 - 683
15 12.57sb o 1271 1171 or

16 ﬂuﬂﬁﬂﬂ'ﬂiﬂmn%s oo




143

Table 14 (cont.). The 'H NMR chemical shift of RP-1 and

prodigiosin-like compounds.

Position Chemical shift (ppm), splitting pattern

‘n
= ’Iyﬂ I VI VII X
Aliphatic region / : \\\.
s s, 4.02s  3.89s 3.98s

8-OCH; 4 91s & 410
- 2.0s

i, /s ;

3-CH,- . 40fn Wo8m 285k, 254t 2.11t 235m
Al-CH; 0.8 093t 0.87t 0.95t

I Undecylp@m n (Wasserman al.@sé)

VI = Cycloundecylprodigiosin (Gerber, 1970)

¥il= Cyﬂw}m&lﬁﬁaﬁﬂ mmler 1979)
é@ﬁﬁtﬁ“ﬁ‘%‘?’] SRR S
s= smglet

b = broad

nr = not reported
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RP-1 was the prodigiosene nucleus‘ compound, the aliphatic chemical
shifts were almost identical with those of prodigiosin that was substituted
at 2-, 3- and 8- position. The signal at & 4.01 ppm (3H, s) was the
methoxy group. The signal at & 2.54 ppm (3H, s) was the methyl group
substituted on pyrrole ring. The signal at & 2.39 ppm (2H, t) was the
methylene group substituted on pyr

\‘ gle ring. The signal at & 0.90 ppm (3
the ¢ )phatic side chain. There was a

H, t) was the methyl group n;

broad signal at 8;? : rwmnged to the methylene

groups at the ali implied that RP-1 was

prodigiosin-like ¢ at 2- position and

aliphatic long c ion on the prodigiosene

nucleus.

prodigiosin pigme ole ring: % m.u. in prodigiosin (I),

e “’ﬁ"ﬂ’ﬁf’ﬁ“ﬁ&?ﬁ I ppgcsn @ (Gorer

s

Thpﬂ:s]s aspgcﬂm‘; zyly ?ll:] ’g ﬂ g'shr]ov@dEELe molecular

peak ion (M) at 323 m.u. The base peak was 91 m.u. The other peaks

were 266, 57, and 55 m.u. Since the 91 m.u. peak was predominant in
the spectrum of 4-methoxy-2,2 -bipyrrole as well as all prodigiosin-like
compounds it must represent a fragment of ring A and B, not C.

Since 91 m.u. = C¢HsN the fragment must contain the atom of ring A as
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well as two carbons of ring B because fragmentations which would leave
ring B intact were not favored (Jackson and Kenner, 1967). Other intense
ion produced results from B-cleavage of the alkyl side-chain (metastable
peak at 219). (A weak ion was also observed for the loss of 15 mass units
from the parent ion, and this may be derived either by cleavage of the

terminal methyl group of the ide-chain or by cleavage of methyl

The — comp ised “characteristic fragment of

prodigiosin (I). \ the molecular peak of

prodigiosin. The ffagmentation pathway of

prodigiosin (I) (Jac

AULINENTNEINS
ARIANIUNMINYIAY
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AULINENTNEINS
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Scheme 8. Fragmentation of prodigiosin.
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From all the datas could be concluded that RP-1 was 2,2 -bipyrrole,4-
methoxy-S-[(5-methyl-4-penty1-2H-pyrr01e-2-ylidene)methyl], the
Chemical Abstracts’ systemetic name for prodigiosin in the protonated

form (Figure 42.) which found naturally (Rapoport and Holden, 1962).

RP - S ,;4_ 7_3{_,", e,4-methoxy-
'-"J yl-2H~

T

ﬂusqwawswswnﬁ
ol Nﬂ‘?ﬁmﬂ’ﬁ“ﬂfﬁﬁﬂ
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The ®C NMR spectrum of RP-1 (Figure 20.) showed twenty
signals of twenty carbons. They were divided into seven quaternary
carbons (all of them were sp?), six methine carbons (all of them were
sp®), four methylene carbons and three methyl carbons ( DEPT, Figure
21.). The methyl signal at & 58.69 ppm was characteristic of methoxy

signal. The methyl signal at &' 14/00 ppm was characteristic of 2-

sicnal at 5 14.91 ppm was the
- J . . .
hain. The aliphatic side chain was pentyl

substituted pyrrole. 2 =--..‘ cth{i
methyl at the end of aliphatic
(four methylene and en€ amefity )\ .4 gven.quarternary and six methine
carbons were in thefbrodigigsene nucleus. The HMQC (Figure 22.) were

used in the assignmg

:
AULINENINYINS
ARIANIUNRIININE
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3. STRUCTURE ELUCIDATION OF RP-2.

Compound RP-2 was an amorphous, red platelets with green

metallic sheen powder that gave positive result with Erlich-reagent. It
melting point was 90° - 92° C. The diluted solution in solvents
were orange-yellow col " ‘ spectra of RP-2 in ethanol,

chloroform, acid ethane J ba ic&(l’igure 24-27., Table 15)).

Table 15. The UV-VIS miaxiuiuitt abserption of RP-2.

Solvents 4. _ > E™ 1lcm

—€o o/
AUEINYYINENT _

Ethanoly ) _ . 10°
AWIANNIU IRV BT 6y <2
CHloroform 539 1577 X 168
Acid Ethanol - 535 1313 X 10°
Basic Ethanol 468 48.0X 10°

533 293X 10°
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RP-2 in ethanol showed two maximum absorption wavelength at
469 nm and 535 nm with the E!*”* 1cm almost the same while there was
one maximum absorption wavelength at 539 nm in chloroform. When it
was in acid condition the absorption at 469 nm was disappeared and

showed again in basic condition. These were implied that the

chemical structure of RP-2.wa ted by solvent and H" ion. RP-2
was i two forms; free orm and form.
—

——

The IR spe -2 'h\-\%f{ howed the pattern of the

0 5440 112191 T ) R B
2925-2800 (strong

STl um ey

1601 (medium) w C=C stretching
1541,1459 (medium) C-H bending of CH;
1244,1136,1020 (weak) C-N stretching

974, 823 (weak) C-H bending out of plane
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From these datas implied that RP-2 was the conjugated double
bond pyrrolic compound.

The 'H NMR spectrum of RP-2 showed six protons in the
st identical with RP-1, at 3 6.04 (1H,

2 (1H, dd), 6.68 (1H, sb) and
, of RP-1 that all peaks

ing pattern that made it

aromatic region (Figure 30.),
sb), 6.15 (1H, dd), 6.33(E
6.79 (1H, sb) ppm.

| —

were broad and

coupled each othér. This' showed he of three proton (AB,) in

It waﬂ uﬂcﬁlﬂﬂ M2Wv& ’]l&rjtrlpyrrole structure,
prodigio e Fro the broad signals d_imply thét'there was more
o AT 2T D D EAR i

(Scheme 9.)

Rapoport and Holden (1962) reported that prodigiosene free form
was in two tautomers. Our "H NMR experiment, the two signal at the low
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field (8 12.57 and 12.75 ppm that showed in RP-1) were disappeared. This
implied that the two protons on pfodigiosene free form were shifted
between 1-, 15-, and 16- position. One nitrogen of the three pyrrole rings
was free, but not fixed. These would concluded that there were three

tautomers mixture in the solution of prodigiosin free form.

Free form

i | rp
il 4 \N : ‘

AU INYATHENT
RINNIUUNIININY

Scheme 9. Tautomerization of prodigiosene.
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However when prodigiosin was protonated, as it occured naturally

and as it was found synthetically, any tautomers became indistinguistable.

RP-2 was the prodigiosene nucleus compound, the aliphatic chemical
Zose of prodigiosin that was substituted

/8 3.95 ppm (3H, s) was the
&I, s) was the methyl group
onal at"$2.22 ppm (2H, t) was the

e

\ ‘he signal at § 0.92 ppm (3
.i.d i

shifts were almost identical wi

at 2-, 3- and 8- positio

methoxy group. The si

substituted on p
methylene group subsit f/}

H, t) was the methyl grofip'a ‘ek\m\,\ side chain. There was a
broad signal at 6 1.2 3 Ipp , hicl \ e methylene groups in the

aliphatic side chain. at RP-2  was prodigiosin-like

The mass speglrum ' 3.)Ehowed that the molecular
peak ion (M") at 328.mm.u. The basqzﬁak was 91 m.u. The other peaks
|
e

were 266, mum Qﬂﬂnﬁ \ﬂrg Qﬁto identify the alkyl
R I Tinenay

The fragment of RP-2 comprised characteristic fragment. of
prodigiosin (I) (Scheme 8.) The peak at m/z 323 was the molecular peak

of prodigiosin.
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The ®C NMR spectrum of RP-2 (Figure 33.) showed twenty
signalvs of twenty carbons. They were divided into seven quaternary
carbons (all of them were sp?), six methine carbons (all of them were
sp?), four methylene carbons and three methyl carbons (DEPT, Figure
34.). The methyl signal at & 58.00 ppm was characteristic of methoxy

signal. The methyl signal

\\ ’, .35 ppm was characteristic of 2-
d. the e&l t & 14.02 th
‘ : a ppm was the

the 1
methyl at the end of aliphiaiic chain. “Fhe aliphatic side chain was pentyl

arternary and six methine

e HMQC (Figure 35.), and
it of carbon of RP-2 (Table

18)).
4 ,4}‘.’- : :,
From all the datas could = ongltided that RP-2 was 2,2 -bipyrrole,4-
methoxy-5-[(5:methyl-4-¢ ent 2H 1) 2 -ylidene)methyl], the
Chemical Abstratts’ syate pdigfosin in the free form.,

AUEINENINYINg
AN TUNNINGA Y
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Table 17. The 500 MHz 'H NMR assignment of RP-1, RP-2 in deuterated

chloroform and prodigiosin 2 forms *.

Position Chemical Shift, ppm
RP-2 Prodigiosin
(free form)
1 -
4 6.30
6 6.84
9 6.04 6.08
12 6.74
13 6.15
14 6.74
15 -
16 12.7% & .

ﬂ’lJEJ’JVIEJVI‘iWEﬂﬂ?

Socﬁwd\%iniaiﬁmmmﬁ’ﬂ

2.39 2.40
v o 1.55 1.55
3,4 125 1.34
5 0.90 0.90

3.95 3.96
222 1.68
1.44 1.46
1.25 1.28
0.92 0.88

2 From Boger and Patel, 1988.



Table 18. The 125 Mhz °C NMR assignment of RP-1, RP-2 in

deuterated chloroform and prodigiosin 2 forms *°

157

Position Chemical Shift, ppm
Prodigiosin
(free form)
2 131.4
3 2.30 115.3
4 111 - 1A 110.00 112.6
5 12697 71200 125.55 125.4
6 116.06 ' 115.78 118.7
7 158.81 140.7
8 160.65 171.9
9 0521 98.2
10 14778 & 1502 o 137.90 162.4
1 ﬂ o VI WE Maad 1306

59 m&hsalth

14

128.55 Ll e 127.42

WIATERY o

126.9

130.1
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Table 18 (cont.). The 125 Mhz “C NMR assignment of RP-1, RP-2 in

deuterated chloroform and prodigiosin 2 forms *°

Position Chemical Shift, ppm

RP-1 Prodigiosin
(pidionated foim) (free form)

OCH; -y 58.00 61.0
C:CHy ' 0.55 127
IF 25.38 | Jrs4 25.51 28.3
2’ 20.80f f 5228 31.64 329
3 30.30 234 30.20 34.5
4 22.50 252
5 24,02 16.7

I

aFr@uﬂa NHRINYINT

A A e o

show solvent effects of several tenths of a part per million, all

data had been rounded off to the nearest 0.1 ppm.
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There were the chemical shifts difference between the 'H and *C
NMR spectrum of RP-1 and RP-2 when compared with the reported
prodigiosin (Table 17. and Table 18.). These may be because of the
different NMR instrument, solvent and internal standard. Finally the

tautomerization of these compounds, showed many signals in the NMR

‘ I U
AULINENINYINS
RIANTAUNNINGAE
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Figure 44.1. The "H-NMR spectra of RP-1 and RP-2, in comparison',

expanded at 5 0.5 - 2.7 ppm.

b. RP-2.

pm{
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Figure 44.2. The 'H-NMR spectra of RP-1 and RP-2, in comparison,
expanded at 8 6.0 - 7.3 ppm

AULINYNINEINT

RN IUYMINGITE—].
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4. TRANSFORMATION OF RP-2 TO RP-1.

When RP-2 was stored in deuterated chloroform with air and light
protection in refregirator for about two months, the water rich deuterated
chloroform was added for dilution. The 'H NMR signal was changed as

re broaden and shift to down field.
% were shown. The color of the

' red-violet. From H-H COSY

shown in Figure 45. Ever
The signals at  12.58 ppn

main structure was$

RP-2 changed compott d;lrp rified) by preparative TLC using 50 %
ethyl acetate in hexane aﬁe_@% e band of red pigment was |
i i

‘moved to Rf va —‘~———~-;_, ---------------- .bout 2 ¢cm) and splitted
4 ately s@arated) . The highest was

red (even wet or dry) (4.5 cm broad),The lowest was orange-red when wet

and red wh@h| uﬂé} mgmm E‘J{alﬂ)sple brown residue on
the origin (could not move in this systemy»Eluted eac d separately as
RP-Zﬁj:ﬁ a’an: rapimlm’ijom :Eilij\ﬁt%led to dryness.

The UV-VIS absorption of these fractions were shown in Table 19.

into two shades oﬂé
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Table 19. The UV-VIS absorption of rechromatdgraphed RP-2.

Solvent RP-2 Wavelength (E'*,1 cm)
Fraction
A2
Chloroform / \\? N 538 (931 X 10%)

! (500: 536 (1049 X 10%)
Ethanol f‘\\ 533 (452X 10°
i E‘A x\ 0% 534 (475X 109
Acid ethanol A 71” (5 nm) 535 (885X 109
= o m) 535 (1042 X 10°)
L7 X 109 532 (397 X 10%)
‘t;; 531 (470 X 109

Basic ethano

U

ﬂ’lJEJ’JVIEJVI‘iWEJ']ﬂ?

IR commh%y BN e oo

and were effected by the solvent but not the hydrogen ion.
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The 'H NMR spectrum of RP-2A (the most yield, < 5 mg)
was shown in Figure 46. There were six olefinic protons at § 6.08 (d), 6.35
(ddd), 6.68 (d), 6.92 (ddd), 6.96 (sb) and 7.23 (ddd) ppm and showed the
splitting pattern the same as RP-1 (Figure 47). These were confirmed that

RP-1 and RP-2 were the same compound in different forms. RP-1 was the

/

down field. The p vas occured by the traces water in deuterated

protonated form of prodigiosi reported was the form occured in
the nature and RP-2 was.
When RP-2 was p

deshielding effect $

rodlglosm In tautomers mixture.
RP-1, the proton did the

molecule were shifted to

chloroform which m.when the chloréform was stored for a long

time without stabi 995). Pure chloroform readily

in deturated chlorcg; was. 1. o@orm was not effected by
acids, but was decomposed by alkalii hydroxide into alkali chloride and

somumfomﬂeuﬂ’ﬂﬂﬂﬂ‘ﬁwmﬂi
’Q"maﬂﬂ‘im UANAINYAY

CHC13 + 4NaOH —— 3NaCl + HCOONa + 2H,0
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OCH, CeHyy ___OCH, -
B B . OO
H H Tautomerization H H

Free form Free form

XH‘# +H'/

Scheme 10. N mation of prodigiosin base

b ‘the hydrogen ion.

EEIRL

Hubbard wh— \" ed that prodigiosin in

solution could ex st in one of two distinct bt readily interconvertible

forms or as Wzt on the hydrogen ion
concentratlo;.li)Fr!lfﬂt‘;lgF r?;dlum T ere were eﬂ erence in the position of
b QEREPHRFI 2 T4 ety of e
absorp!xon bands of the two forms. In acid solution, the pigment was red,

due to asharp, high, narrow main band with a maximum at 535-540 nm
and a slight shoulder on the low wavelength limb of the curve at about 500

nm. This hump was always present and was independent of the purity of

the sample. In alkali solution, the pigment was orange-yellow due to a
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broader, less intense, roughly symmetrical band centered at 470 nm. The
secondary hump at 530 nm, was due to a trace of the acid form
chromogen. The base form was also fluorescence with excitation
maximum at 380 nm and emission maximum at 688 nm whiel the acid

form was not. This also reported by C'astro et al., 1959.

The pure 470.nn !/‘/&lﬂ

solvents.The pure

y be obtained in fairly alkali

organic solvents ] ) b table form as the 470 nm

chromogen passe m - chremogen spontaneously on

Monk (1957) ; E : z absorbing components, the
orange one at 475 nm fvds le"and appeared to convert to a
form absorbing at 335 M’ :,' omponent apparently was not

shifted to 475 nm. ij |

He r@w@ PN THBEIR T vy st o

room t erature and was 4gltered in HCl so as to @bsorb at 535 nm.
’Lﬁ)ﬁtﬂlﬁmﬂlﬁ&'&mm the 475 um
component eventually produced a stable terminal spectra similar to that of

the acidified fresh pigment and independent of pH.
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Stefanye (1960) reported that protonated prodigiosin was about as
weak an acid as hydrogen sulfide or hydrochlorous acid, but still
considerably stronger than water or alcohol. The traces carbon dioxide in
water (as carbonic acid) and acid impurities in the solvent could change

the color from orange-yellow to red immediately. Merely shaking an

aqueous acetone or alcohol

ion of the orange basic form of
prodigiosin would chag %d because of carbon dioxide
picked up from thhym,"(:awlson, 1968). This meaned
prodigiosin free formuwais stable. asily change to protonated

traces hydrogen ions in

Prodigiosin was'4 ‘r cak base (PKa = 8.25 in aqueous ethanol).
It could not protonated to. form ‘s ath weak acid. The salt form was

bric and perchloric acid.

In our experiment showed that the protonated form of prodigiosin

was happenﬁ MI‘&I!IQ &q B%g%&}aﬂ ﬁ'ness of Rf value, the

effect of hydrogen ion, the same IR spectrum and the same molecular
weighti el 53 Spead A AWV Ao o
signal at 0 1.82 ppm after two weeks was confirmed the formation of
hydrated prodigiosin form.
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From the former experiments were not interpreted the
change in spectrophotometric data chemically, only assumed that
the spectral shift was due to the formation of a salt on one of the
pyrrole nitrogen. Our experiments shown that the protonation was

occured by hydration, not by acid.

Free form prodigiosin % unstable, it spontaneously

transformed to protofiated form b ater in solvents, adsorbent,

and moisture in the_ aif Jhe 1 ,was more stable than free
‘ e purification process of
liquid-liquid extracior ‘ ‘ sifie xtracted with hexane, the
protonated form wagfftrgbdontt form. The extracted prodigiosin
In acetone, ethylact ,- 7: & eré shown the two form of
prodigiosin in the diffefenée , ; a0t only the free form (Table 20. and
Figure 48-50.). The traces ethanol and chloroform made
' uin absorption at 533 and

@51 and 52.)

ﬂ‘Llﬂ’J‘VIEJ'VlﬁWEJ’]ﬂ‘a'
QW'WMH‘?EU%JW]’W]EJ']MJ

538, respectively, ;
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Table 20. The UV-VIS absorption of reextracted RP-2A.

solvent Color Wavelength (nm) Ratio

A2
Acetone 529 2.9:1
Ethylacetate 533 1.5
Hexane 1:1.1
Methanol -
Chloroform =
This experif ’ pectrum changed during

the transformatlonﬂactlon of prodigiosin freeﬂ)rm (orange-yellow color)
(RP 2) to pr 1) (Figure 46). The

as51gnment ﬂ‘ﬁ mﬁjﬁm&lﬁﬁfoms were reported

(Tab‘ﬂ“ﬁ]ﬁ)ﬂﬁﬂ‘im UANINYINY

The protonation could be occured with the resonance of the
electron in the molecule (scheme 11). The '"H NMR spectrum showed the
coupling of proton in the ring with the amine proton in all pyrrole rings.

“These were confirmed that there were three protons in the 1-, 15-, and 16-
position (hydrated form).



H3 L N AF

AUINENTNENS
IR TUAMINYAE

Scheme 11. Protonation of the prodigiosin.
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Consideration the basicity of the pyrrole ring A, B and C in
prodigiosin molecule, ring C was more basic than ring B because the two
alkyl substitution were electron donating groups and ring A was the least
because the methoxy substitution was electron withdrawal group. So

protonation at the 1-position in the ring C must be preferable.

OCH

ﬂUEJ’JVIEJVIﬁWEJ’Iﬂi

Scheme 12. The basicity of the pyrrole nngs in prodlglosm molecule.

ammmmumwmaﬂ
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Table 21. The 500 Mhz of'H NMR chemical shift difference of RP-1 and
RP-2 in deuterated chloroform.

Position Chemical Shift, ppm
Different

ring A, 12 0.26
13 0.20
14 0.55
15

ringB, 9 il ; 0.04
8-OCH, A . 0.06
16 2 DR~

rng C, 1 . ¢a 1275 'Y, -
20@148’37197]5118’1]‘]3 072

0.17

amaﬂﬂmum'gﬁnmaﬂ 033
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From the difference of the chemical shift of the two forms of
prodigiosin, the 'H NMR signals of protonated form were more down field
than of free form because of the deshielding effect of protonation (Table
21.). The most difference value was at ring C, 2- CH; position (0.72 ppm).

This would be concluded that the protonation was occured at 1- position

more than another position and : e predominated form.

AULINENINYINT
AR TUNNINGA Y
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‘Figurc 45. The 500 Mhz '"H-NMR spectrum of RP-2 in water-rich
deuterated chloroform, the spontaneously transformed
to protonated form.
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Figure 45.1. The 'H-NMR spectrum of RP-2, the spontaneously

—————

transtormed to protonated form in various time.
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“Figurc 45.2. The IH-NMR spectrum of RP-2, the spontancously
transformed to protonated form, expanded at

5 0.5-3.0 ppm.

a. at the begining.

b. after adding waf€rfrich
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Figure 45.3. The 'H NMR spectrum of RP-2, the spontaneously
transtormed to protonated form, expanded at

55.5-8.0 ppm
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Figure 46. The H-H COSY spectrum of transformed RP-2.
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PI512 CO3Y]

}“ U]
AULINENINYINT
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Figure 46. 1. The H-H COSY spectrum of transformed RP-2, expanded
at50.5-3.0 ppm.
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— Figure 46.2. The H-H COSY spectrum of trapsformcd RP-2, expanded
at 3 5.5 8.5 ppm.



Figure 47. The 500 Mhz 'H NMR spectra of RP-2A in deuterated
chloroform, compared with RP-1 and RP-2.
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Figure 47.1. The 'H NMR spectra of RP-ZA, compared with
RP-1 and RP-2, expanded at 8 0.8 - 2.8 ppm.
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Figure 47.2. The 'H NMR spectra of RP-2A. compared with
RP-1 and RP-2, expanded at 3 5.5 - 7.4 ppm.

184

e

a. RP-1.

b. RP-2A.
c. RP-2

4ANUNTNYINT
ASHHIR NN Y

N

6.6 -

7:0

7.2




O N = & o "= O v o

0.2

.Q
—
5 ¢ l A

-
anome ters i
.

» ‘ ¥
Fan i 8 DA BTN BIRG o2n i
4] acctone.

PRI TUAMINYAE

185



o0 0 = & o =M O »u o D

186

8.2-

0.1-

8.6-

Hanoneters

i urmmnﬁmw HARGrann
ARIANTAUUN TN



D M = s oS O v o DD

(=]
(3]
TR, O VO (RN (S AU Lo R W 1N

<D
—

Hanoueters

ﬂwﬁ%&lWlﬂ%ﬁW&Mﬂ@ w2
ammﬂﬁmummmaa

187



o 0O = 2 o = O u o D

8.3

<O
(98]
P TR SN A S (O T

D
—

e Lt
amaﬂnimum'mmaa

188



D N0 =S &% oo =S 0 v oo

<>
(9g]
n " 1 4 A

Hanoneters

i ‘Ulﬂ‘? 'ﬂﬂ’m WETFFGRe2ain
Qﬁﬁﬂﬁﬂimmﬂﬂﬂmﬂﬂ

189



Figure 53. The long-chain unsaturated fatly acid found in the pun'ﬁcatio
process, in the first column chromatography of the red // v

pigments. 3
1. The 500 Mhz 'H NMR spectrum of long-chain
unsaturated fatty acid. LanF -
2. The 125 Mhz3C NMR spectrum of long-chain ~ ~" -7

unsaturated fatty acid.

ﬂummmwmm
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1. The 500 Mhz 'H NMR spectrum of long-chain unsaturated fatty acid.
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2. The 125 Mhz ">C NMR spectrum of long-chain unsaturated fatty acid.
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Figure 54. The 500 Mhz 'H NMR spectrum of long-chain unsaturated
fatty acid in mixture with pyrrolic compound, from the
second column chromatography.
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Figure 54.1. The ‘500 Mhz 'H NMR spectrum of long-chain unsaturated
fatty acid in mixture with pyrrolic compound, from the
- second column chromatography, expanded in olefinic region.



Figure 55 The 500 Mhz 'H NMR spectrum of long-chain unsaturated
fatty acid in mixture with pyrrolic compound, from the third

column chromatography.
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Figure 56. The 500 Mhz 'H NMR spectrum of RP-3 in deuterated

chloroform.
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Figure 56.1. The 500 Mhz 'H NMR spectrum of RP-3, expanded in

olcfinic region.
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Figure 57. The 500 Mhz 'H NMR spectrum of RP-4 in de'uteratcd
chloroform, compared with RP-1 and RP-2.

T
AN
> ] E -



198

Figure 57 (cont.). The 'H NMR spectrum of RP-4 (a) in comparison to

RP-1 (¢) and RP-2 (b).
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Figure 57 (cont.). The '"H NMR spcctrum-of RP-4 (a) in comparison to
RP-1 (¢) and RP-2 (b).
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5. PRODIGIOSIN : RED PIGMENT FROM ZYMOMOMAS
MOBILIS CM 141

Prodigiosin was a water - soluble red antibiotic pigment and was a

secondary metabolite (Williams, 1973). Maximal production occured after

cellular multification had ce e of mutant of Zymomonas mobilis
[ aerobic condition and then the

amount of red plgm@ nﬂre@y in aerobic condition and

secreased on to the

CM 141 was grown i

partially the resultjf sociati o sth different organic acid

and partially of other natural pigments and artifacts. Prodigiosin probably

occured priftkyd & g %ﬂ%}%ﬂﬂ ssbciation with the lipid

portion of ceﬂ membrane (Castro et al, 1959) When predigiosin itself was

chméﬂtﬂg AN HAAIN Y VA i, e o

ox1dants additional colored bands may appeared.

Hearn et al (1972) also reported that prodigiosin pigment always
show a number of bands when chromatographed . However, highly
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purified prodigiosin itself continued to show a multiplieity of minor
bands on chromatography or CCD (countercurrent distribution).

When  highly purified prodigiosin was chromatographed

and base forms, the acid

as the free base, the red and orange bands eluted seem to be the acid

ising from interaction of the base with
some acid in the solve %osphere (Hearn, Castro and
Elson, 1968). The w blue t@e top of the column appear
to be decomposition pu // \

: :J '.t" LA »
Because of : orptivity of prodigiosin in the visible region,

solutions or chrom ic./band could be highly colored and yet
contained very sm t of pigment. Even minor compounds were

easily wvisible becau it the slatively  high absorbance of

The long-chain unsaturated fafty acids could be to stimulate growth

st pmeofiri ) PRI AP A escors Bishop an

Still, 1963). A?fl analysis of thedipids of the.bacterium Serratia marcescens

had %\W ’a’a ﬁaﬂlﬁ mm qgma&a&ecmoic acid

constitute about 75% of the total fatty acids. Mono-unsaturated acids

account for only about 10% of the total fatty acid and consist
predominantly of 9,10-hexadecenoic acid (palmitoleic acid) and 11,12-

octadecenoic acid (vaccenic acid).
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Because of the high absorptivity and occured primarily as a salt of
fatty acid in close association with the lipid portion of cell membrane, it
was very difficult to purify the red pigment (prodigiosin) and always
detected unsaturated long-chain fatty acid in every process of purification
showed by '"H NMR spectrum (large quantity of long-chain fatty acid and

' y mtense color)) (Figure 53., 54, and
eatment and rechromatography

r@y preparative TLC in the

i ‘ : %Gram—negatlve bacterium
that torelated oxyge : 1;{ :" ge its metabolism during
the transition from ic g 4 A swich from ethanol plus
carbon dioxide to the 1ot _ ﬂﬂﬂﬂﬂ Idehyde, acetoin, and other by
products occurs. Another-:pwﬂu@ { der aerobic conditions was
acetate, which " acetaldehyde (scheme
2.). The producthg 0 2 edﬁl the presence of oxygen.
In the presence of oxygen, ethanol and lactate could also serve as sources

of feductantﬂ’u Sdigelt| i) the ﬁ%é&l sugkdsting that the enzymatic

process mvolved in the formation of produets in reversibie.
ARIANNTUNNTINEIAE
Prodigiosin was biosynthesis from acetate, glycine, alanine,
proline, serine and methionine (Figure 8.). In the aerobic condition
Zymomonas mobilis increased in the acetate production and decreased the
ethanol production. In this condition it could be produced prodigiosin as

another secondary metabolites.
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Prodigiosin was readily soluble in organic solvents, but poorly
soluble in water. All prodigiosin pigments were red in the salt form and
yellow 1in the free base form, the color of a TLC spot while the plate was
running was a rough indication of the amount of pigment in each form. All
spots were pink when dry. Neutral and alkali solutions were orange-

¢agion. Prodigiosin could exist in two
: %gen ion concentration of the
—

solution. In an acid the!pig@ red and exhibited a sharp

spectral peak at y

yellow, turning red after aci

distinct forms, dependi

345: _The shoulder on the low

wavelength limb o tal 0 nm was persistent in the
%

whole pigment. ent was colored orange-

yellow and prosses curve centered at 468 nm and

> -‘ ne red brown color (Rf
gjjﬁsin, RP-1,RP-2), one pink
color (Rf 0. 8) (RP- 49 and purple-bré)jvn residue. The ' H NMR of RP-3

o -4 A P 1 e 56) v oo

about ten to twevel protonsen the olefinic regions {from & 6.0 to 7.2

ppm)%ﬁa Qﬁah%‘m EM %ggrmﬂ%@& may be more

than one compounds. RP-4 was shown six olefinic protons (from & 6.0 to
7.2 ppm). Like RP-1 and RP-2 (Figure 57.), there were three singlet broad
signals at 8 6.01, 6.72 and 7.10 ppm and three multiplet signals at § 6.04,
6.41 and 6.44 ppm. This may be conclude that RP-4 was prodigiosene
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nucleus. The whole structure can not elucidate because of the very small

amount of them. RP-3 and RP-4 would be the decomposition products.

Williams et al (1956) established that the prodigiosin was not a
single substance, but was made up of at least four distinct components,

igments were very unstable to the

-

one blue and three red.
action of sunlight. The, data |
indicate that the red and-biu

identical, and that

sftafed and chromatographic analysis
gh very similar, were not

0t Vs probably a dimer of the red

pigment.
Heam et al 1)-prodigiosene (Figure
58.) was odigiosin derivatives were

PR

AMIAINTUNNIINGA Y

Figure 58. 2-(2-pyrryl)-prodigiosene.
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They also reported that Prodigiosene derivatives with highly
substituted monopyrrole rings showed a tendency to disproportionate
to dipyrrylmethenes as well. By detection of the ions with m/e ratios
expected for a alkyldipyrrylmethene were observed. The abundance of

these ions increased with the temperature and time of the sample in the

mass spectrometer.

CHj, CH, {CH,) yCH.

Flgure 59. Dlpyrrylme ene.

ﬂ‘UEJ’JVIEW]?WEﬂﬂ‘i
QRIAINTU NN INYAE

ey concluded that when 6-methoxyprodigiosenes were being
purified from natural sources, traces of additional pigments were almost
invariably encountered, even late in the purification process. The type of

pyrryl-bipyrryl exchange behavior observed obove may offer an
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explanation for the presence of some of these pigments, particularly of
those which appear to be artifacts.

Finally, even synthetic prodigiosene derivatives had been found to

rearrange chemically under relatively mild conditions (Hearn et al., 1970).

CM141. The furthers

producing strains Qi

]
AULININTNEINS
QRN TIUNRINIAE
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6. MUTATION EXPERIMENT.

Mutant strain of Zymomonas mobilis CM 141 producing red

pigment was induced mutation for development of improved red

pigment-producing strains b selection (Primrose, 1987). The
mutations were cond@ & light and chemicals, N-
methyl- N- mtro- G) (200 mcg/ml) and

A 'Mw minutes. The isolated

r pigment production. It

hydroxylamine (0.5
mutant strains wex

was found that th _ _ pigme colonies that difference

extracted by the n b"-? ool ro@m (1:1) solution and then
filtered throught sinter. glass funnel,, The filtrates were scanned for

UV-VIS sp%&i@%bw ﬁ%&m gsorptlon wavelength

and absorbance were recorded {(Table 9,_]’g Vl E] ’_] a E]

From the UV-VIS spectrum, it was found that twenty-five mutant
strains were shown the maximum absorption wavelength at about 500-540
nm which were the red color solution. Five mutant strains were shown the
maximum absorption wavelength at about 470-485 nm which were the

orange color solution. Another (twenty-three mutant strains) were shown
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the maximum absorption wavelength in the UV region (285-290 nm)

which was the general absorption spectrum of organic compound.

All  mutants isolated after ultraviolet light irradiation were

nonpigmented. The extracted solution showed pale yellow color,
maximum absorption wavelen ///290 nm with the absorbance 0.75
(Table 9). ™ é

- : bl—d—'.

Some mut a1 5// isolated. afier NTG treatment were

pigmented, some _ ted solution of strain A g
showed pale yell 1 absorption wavelength at 290 nm
= 2 , A9 and Ajj6 showed deep
elength at 530 nm with the
able 21.). Strain A, took a very

long time for pigment pzé ed with the other strains) and

gave low yield u‘:;-'_:_T—;"T—: ; ent strain. Strain Ajg

i

showed the propes- the s ‘the pa: st@'ns.
AUEINYNINYING
PIAINTUNNINGAY
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Table 22. Pigment extracted from mutant strains mutated by N-methyl-
N-nitro-N-nitrosoguanidine treatment of Zymomonas mobilis
CM 141.

Strainno Time of Max. Absorption
exposure ] wavelength,nm
Xposure) , 0 gth,

(minutes ‘ - (Absorbance)

Ao 530 (2.15)

Ans 525 (5.00)
Ten red pigment product ant strains were isolated after
hydroxylamine freatmien : 5 mobilis CM 141, The
extracted solutionEf hese muta d@) red color, showed the

h ats 522-530 nm with the absorbance

maximum absorptionr avavelen ‘

295-90 (@ﬂbuﬂ)’ainﬁw ixm;lmd the more intense |
red colo t 1 on s 1) especially
s&mﬁﬁﬁ&rﬁjﬁ‘iﬁﬁﬁmﬁﬂﬁ ’J«ﬁlﬁent strain 1.8

time. This strain was the expected strain.
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Table 23. Pigment extracted from mutant strains mutated by

hydroxylamine (1IM) treatment of Zymomonas mobilis
CM 141.

Strainno Time of ‘_‘:'ﬁfj *ént Max. Absorption

exposure : wavelength,nm

(minutes / (Absorbance)
Az 10, 530 (4.45)
Ass 20 530 (5.00)
Agg 10 522 (4.80)
Asg 10 525 (4.80)
Ags 10 522 (4.50)
Az 0= 530 (3.70)
- 107 535 (2.95)
Ajo7 10 €a 0 (4.05)

B ﬂuEJ’J VIEWITW EJﬂﬂ‘a'szo (6.50)
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Strain Ag and Az were conducted to mutate again by hydroxylamine
treatment to find the better strains. Strain As, , Aj4 and strain Al , Ajss

were found from strain Ay and strain A, respectively.

Strains A7s was conducted to mutate again by NTG treatment to find

The culture ti Sinentation of (e mutate Az, and As; was as
long as the parent#(Ag) b less of . red pigments production (Table
24.). Also the straid® Afs 4 _ o\ Azg shiowed the same properties
(culture time of pi sar and- absorbance) as the parent (Table 25 e

AULINENTNEINT
AN TUNNINGA Y
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Table 24. Pigment extracted from mutant strains mutated by
hydroxylamine (0.5M) treatment of strain As.

Strainno Time of  Culture time Pigment = Max. Absorption
exposure) . | wavelength,nm
(minutes) (Absorbance)
s 20 Al \ 475 (1.40)
Aszg 20 , 2 = 2% deep ora 485 (0.95)

Table 25. Pigment extrct - af strains mutated by

h}’dl‘ Og 1 , (1M) tre * it 0L d ‘l_}u A73.
e Y )

O

Strain no Wuﬂ fs%ﬁj Wﬁﬂ] ﬂ?x Absorption

eXposure) 01%;8) color . wavelength,nm
Q WM 38U Y12 oRpbance
Ajer 30 24 red 530 (4.50)

Aiss 10 24 red 225 (5.00)
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Strain Aj; produced the differnt color pigments and maximum
absorption wavelength. The mutation experiment were conducted to this
strain by N-methyl-N-nitro-N-nitrosoguanidine 200 mcg/ml (Table 26.)
and hydroxylamine 1M (Table 27.). All the mutant strains showed culture

time for pigmentation shorter than the parent. Only the strain A7, showed
| absorption wavelength but less

showed the red pigments and

maximum absorption_wawvels nm. Strain A;g; showed the
absorbance at maximfua* 30501 \'!\ 530 nm, more than that
produced by Zymemionds # M \

Table 26. Pigment &X jed f _-~* sttams mutated by N-methyl-

N-nitro-N#ni t of strain As,.

Strain no Tlme of ~Cultur " Max. Absorption
exposug) o color m wavelength,nm

fﬁgujeﬁ f E;U% !l E | ,.} f.l ‘é(Absorbance)

‘QW’]@Qﬂ‘E@QJ umImngeee

Ajp 10 orange 470 (2.15)
Ajss 20 24 red 537 (1.50)
A151 20 24 red 537 (262)

- 10 24 red 535 (1.4)
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Table 27. Pigment extracted from mutant strains mutated by
hydroxylamine (1M) treatment of strain As,.

Strainno Time of  Culture time Pigment  Max. Absorption

exposure) 100 color wavelength,nm

(minutes) 1‘ “ (Absorbance)

Ain 475 (1.00)
B 535 (3.40)
Ais: 535 (2.29)
Ajgs 530 (6.50)
Ajsa 535 (2.69)
Ay 535 (1.10)
Asos 525 (5.00)

)
¢

AUEINLNINYING
IR TUUMINYAE
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Fifty-three isolated out of 200 isolates produced color colonies. From
these only thirty mutation strains that the pigment extracted solution
showed the maximum absorption at 470-537 nm, those were the orange to
red color solution. Finally, four mutant strains (Ass, Ajee, A113, and Ajgs)

produced red pigment solution more intense than and took the culture time

for pigmentation as long as omonas mobilis CM 141 (24 hours)
). ¢ in A3 produced the most red

pigment, 1.8 times morg. than . onas mobilis CM 141, it was the best

I

AUEINENTNYINS
PAATUAMINYAE
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