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Ethyl alcoholB\'
as a substrate for the synthes1s of numerous organic compounds. Prior to

the 1940s mﬂ H‘E‘ﬁ}%‘@ﬁq @%@u}f}bﬁyeast fermentation

of molasses. As a result of increasing cost of molasses and the

relative) 6bv bk o Dty %) %&J&]&ﬁ dekardes it had

been pnmanly synthesized from  petrochemicals. However, the

dﬁtﬁals as a solvent and

shortage of petroleum and its increased cost had resulted in a return to
microbial fermentation (VandDermark and Batzing, 1987). Scientists
were developing Zymomonas that was able to produce alcohol using

cellulose from agriculture wastes rather than from carbohydrates. The



selecting of ethanol-producing microorganisms with an improved
tolerance for ethanol might allow the microorganisms to produce the

alcohol more efficiently in higher concentrations (Tortora et al. 1989).
Zymomonas mobilis was undoubtedly one of the most unique
bacterium within the rmcrol\1Jf . Known since 1912 under the
names Termobacterium @ )ms linderi, and Zymomonas
mobilis. The bactenum—j‘?ynbmmbzhs only exhibits an
' but also in its growth

e conditions, as well

ﬁ% caused great interest
strial worlds. Its ability to

nt manipulation, as well as

. made. it an ideal microorganism for
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Zymomonas mobilis was originally isolated from pulque, the
fermenting sap of Agave americana. Also found in the fermentating juice
of the Gomuti palm, Arenga pinnala (A.sacchifera) in central Java.

Apparently common in fermenting plant juices in tropical countries.



Chemoorganotrophs showing vigorous fermentative metabolism of
glucose or fructose which yields nearly equimolar quantities of ethanol and

CO, by the Entner-Doudoroff pathway (scheme 1.).

One mole of glucose is fermented with the production of 1.6 moles

production from sorbitol & Ett 1-aleohol s, metabolized to acetate in

aerated cultures.

Panthothengteis the onty srowih Tactorreanfred. Growth occurs in
a synthetic medium plus pantho : ‘ﬁt half of that obtained in

yeast extract medium. .Good growth 1s°9bta1ned with ammonium ion as the

sole source oﬂ%@ ?}%wﬁ)w ’}ﬂ@cytochromes of the

c and a; type; those grown anaerobically also contain a gytochrome of the
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Zymomonas mobilis was classified as anaerobes, but able to

tolerate some oxygen.Cultured at optimum temperature 30° C.
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Scheme 1. Enter-Doudoroff pathway and its relationship to other
glycolytic pathways. (Tortora et al., 1989).



Zymomonas mobilis was an obligately fermentative organism
and utilizes sucrose, glucose, and fructose by the Entner-Doudoroff
(ED) pathway, which was used mostly by strictly aerobic organisms
such as Pseudomonas . Although it was classified as an anaerobic
microorganism, Zymomonas grew well under aerobic conditions. It
appeared to lack an omc\lat\x’ﬁ\' ;f n transport system, however,
and produced a smg],kATP e per molecule of glucose
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Zymomonas mobilis -was @erobic Gram-negative bacterium
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lowered, but the molar gro ot dec&ase in the presence of

oxygen. However, 4 switch from e 1_plus _carbon dioxide to the
formation of’ Mlﬂhaenﬂm%:ﬁ Ei::lﬂﬁ products occurs.
Anoth W tﬁh Eju ﬁj ﬁ ? iti s-] ﬁsie]cetate, which
was pau duii q i ij; z:Lt ﬁﬁ e production of

acetic acid increased in the presence of oxygen. In the presence of
oxygen, ethanol and lactate could also serve as sources of reductant being
oxidized in the process, suggesting that the enzymatic process involved

in the formation of products in reversible.



Switch in metabolism observed in Zymomonas mobilis in
transition from anaerobic to aerobic condition was not merely due to the
diversion of reduced cofactors from the fermentative pathway, but a
series of responsed effected at the enzyme level and possible at the
transcription and translation level, that was, induction and repression, as

observed in facultative anaero@q&' y/)’te of an incomplete tricarboxylic
S ,/)"
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Various ‘attempts—had—been—made : prepare Zymomonas

mobilis  for replacl';'ilg - ustﬁé] ethanol industry using

renewable resources ¢ such as corn/maize, potato, maltrin, wheat, milo,

cassava, an%y &ia,%' m&q gm;a ﬂeﬁ performed. Today,
one was constantly looking forviable pro ;.therefore,  the value of
the pro%cﬁau td\jlzlﬁ Mﬁiﬁﬁﬂﬁﬁt genes have
been transffered to Zymomonas in an affort to produce highly valued
products such as f-carotene, D-alanine, or other claim product preference
for acetaldehyde over ethanol because of its ease in product separation.

This had not been a widely explored area and appeared to be a

specialized market.
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Scheme 2. Metabolic pathways to major byproducts in Zymomonas

mobilis. (Doelle et al., 1993).



Mutation experiments were performed to reduce levan formation
of Zymomonas mobilis CM141 (Chavapan, 1986), a high ethanol
tolerance strain isolated in Chiang Mai, using hydroxylamine. A mutant
expected to produce no levan was found to produce red pigment under

aerobic conditions. Large quantities of the pigment were secreted on to

the medium after the growth p_w4%reoperty was proved to be

stable by performing ten s&g‘.‘ss‘lve : s, Preliminary study, by TLC
; e€ components; purple, red and pink
14, Qﬁaﬂ 536 nm respectively.
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literature on the nature of the red pigments produced by Zymmomonas

other hand thi@i entsewhich were the low molecular weight secondary

mobilis, this research was aimed to characterize the red pigments and

increase the red pigments production.



The study was initiated with the separation, purification and
elucidation the chemical structure of the red pigment. And to enchance
yield of pigment production the mutation experiments were performed by

random mutation and selective procedure.
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