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Detection of Xanthomonas campestris mutants with increased
xanthan production
H Rodriguez® and L Aguilar?

1Department of Microbiology; ?Department of Biochemistry, Cuban Research Institute on Sugarcane By-Products
(ICIDCA), PO Box 4026, CP 11000, Havana, Cuba

Several mutants of Xanthomonas campestris showing increased viscosity and/or gum production were detected
after UV treatment. Xanthan solutions of the different mutants showed different intrinsic viscosity values, and no
relationship was found between pyruvate or acetate contents and viscosifying ability of the xanthan. The best per-
formance mutant (M-11) was obtained using halo size around colonies in starch-agar plates as the detection cri-
terion, and proved the usefulness of this indirect screen for improved xanthan producers. A pleiotropic effect of
this mutation on growth rate and total cell growth was observed.
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Introduction cultures on YM medium (in gt%: yeast extract 3.0; pep-

. . tone 5.0; malt extract 3.0; glucose 20; agar 15.0). Shaken
Xanthan production byXanthomonas campestiihias cultures were grown in YM broth (YM medium without

received significant attention due to the wide range of appli- . ;
cations of this polymer in oil, food and pharmaceutical agar) and in the medium reported by Shu and Yang [12],

. e . :
industries, among others [4]. Genetic improvement of gur:ﬁv '(t)h It;l escg.r?ﬁfos%og (Igl-il)D.Oye; %t e)ffﬁfstesgé kHEEOeAri-
production is therefore of considerable importance fo rﬁehts ?/vere carried out in tri4licétég - BXP

increasing the efficiency of the industrial process. However, P '
difficulties arise due to the absence of reliable and eas"%lutant isolation

measurable plate-screening criteria for xanthan produc'uonA 16-h culture (A, of 8, corresponding to 5.6 gt of

Colony size has been used for selecting xanthan producer, . ;
: . : fomass) was centrifuged at 20 08@ for 20 min, resus-
but either ambiguous or contradictory results have beepended in the same volume of 0.9% NaCl and submitted

reported [10]. ;
. . , . to UV mutagenesis at 254 nm and 20 erg arseg® for
Coordinate regulation of xanthan synthesis and a serig 0s, conditi?)ns which corresponded to a%% su?vival rate.

of extracellular enzymes, including alpha amylases, hav fter centrifuging and washing the cells, they were incu-

been described iXanthomonas campestijs5]. Based on : . .
this, colonies with larger halo size on starch-agar plate%sted In shaken flasks for 16 h in YM broth and appropriate

e 0
would be expected to show increased xanthan productio Igtﬁngov(\gtlaeregtljar\tsee? ?JnK;(M agar plus 1% soluble starch
in a mutant altered in this set of genes. This paper report ' ' ' '

the isolation of mutants frolXanthomonas campestiiso- Analysis

ducing increased extracellular viscosity and xanthan Con{%rowth was followed by absorbance at 600 nm. Rheolog-

et o propertes f th fermenaton broh afer 21 of cul-
these mutations on cell grth is discussed vation were evaluated by determlnat|(_)n of apparent vis-
' cosity in a Haake VT 181 viscosimeter (Karlsruhe,
Germany) at rates of 7.3%sand at 268C using MK DIN
Materials and methods axis. After appropriate dilutions of the culture broth and
centrifugation at 20 008 g for 40 min, xanthan concen-
tration in the supernatant was determined by gravimetry.
The polysaccharide was precipitated with ethanol (2:1 v/v)
in the presence of 1% KCI. For physico-chemical charac-
terization, precipitated polymer salt was submitted to suc-
; ; o cessive washings with ethanol/water mixtures from 80 to
Growth was carried out in shaken flasks at'G.Oand 100% (v/v), sus%ended in deionized water and dialyzed for
150 rpm, using 500-ml Erlenmeyer flasks containing 70 mI48 h against deionized water. The partially purified xanthan
of medium. The inoculum was prepared from 24-h slant 9 . ' partially p
powder was obtained by lyophilization. Xanthan gum
pyruvate was determined by reaction with 2,4-dinitrophen-
Correspondence: H Roduez, Department of Microbiology, Cuban ylhydrazine accordmg to Sloneker al_’ld Orentas [13]. Acet-
Research Institute on Sugarc:’:me By-Products (ICIDCA), PO Box 4026ate content was estimated acc,om!'”g “? the_ method of
CP 11000, Havana, Cuba McComb and McCready [8]. The intrinsic viscosity][was
Received 7 December 1995; accepted 14 November 1996 determined in 0.1 M NacCl in a Ubbelhode capillary viscos-

Microorganism
The strain ofXanthomonas campestns/ campestrisSAV
[20] was used for mutagenesis.

Culture conditions and media
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imeter (Schott-Géte GmbH, Hofheim, Germany) at 26, Table 2 Pyruvate and acetate content and intrinsic viscosifyof the 233

and calculated by graphic extrapolation as described bj2"than gum produced by the mutants and wild-type strain
Torreset al [17]. All determinations were carried out in

P Strain Pyruvate content Acetate content n
triplicate. %) %) (mig?)
Results and discussion SAV (WT) 5.9 3.7 1.66

M-11 4.4 3.9 2.65
Forty-two presumptive mutants were isolated from overM-19 6.2 37 1.38
14 000 colonies analysed for both colony size and starch¥-31 6.7 3.4 1.85

agar halos. These cultures were evaluated in shaken tubes ] ] ] ]
containing 10 ml of YM medium. Five strains showed _Slgnlflcantdlfference with the wild-type strain (Studerittest, 95% con-
. . . . . . . . fidence interval).
higher viscosity production in comparison with the wild-
type (data not shown). This group of mutants was further
evaluated in 500 ml Erlenmeyer flasks containing 70 ml of ~ (Table 1). By con¥asgmpestrisM-31, which showed
YM broth. The results are shown in Table 1. a decreased viscosifying ability, seems to produce a gum
Four mutants produced a higher viscosity than the parent. with higher pyruvate content, while mutant M-19, with
Two strains produced a higher gum concentration, whereascreased viscosifying ability, did not show any significant
one mutant displayed increased gum concentration but not  difference from its parent. Therefore our results do not sup-
broth viscosity. port the idea of a relationship between contents of these
The viscosity of polysaccharide solutions is a function  residues and xanthan viscosifying ability. This conclusion
of gum concentration and of the characteristics of the polycoincides with the observations of Torrestriagtaal [18]
mer. One important characteristic which reflects the poly-  and Toeteal [17], who did not find any correlation
mer quality is the ‘viscosifying ability’, which can be between these parameters and the rheological properties of
defined as the viscosity generated per unit of gum concen-  the polymer solutions. Furthermore, culture conditions like
tration [10,18]. Mutant M-19 synthesized an exopolysacch-oxygen concentration (not controlled during shake-flask
aride (EPS) with a higher viscosifying ability, whil¥.  cultures) can influence the pyruvate content of xanthan gum
campestrisstrain M-31 synthesized more xanthan, but within Xanthomonas campestr8].
a lower viscosifying effect. Therefore, it seems that differ- Considering the usefulness of measurements in the dilute
ent mutations, leading to structurally different polysac-regime for showing differences in biopolymers at the mol-
charides, could have been selected. Mutations in the differ-  ecular level [17], values of intrinsic visegsiterg
ent genes of a cluster produce altered xanthans witkletermined for polymers of the wild-type and mutant
different properties [6]. Mutants that produce structurally strains (Table 2).
altered xanthan have been also reported by Whitéeldl The values ofy for all the mutants were significantly
[21] and Tait and Sutherland [14]. different from those of the wild-type strain. The highest
The pyruvic and acetic acid contents of xanthan havevalue corresponded to the polymer produced by mutant M-
been reported by some authors to be important factors in 11. The factor which mainly influpiscéise effective
the viscosifying effect of the solutions [10,11]. The con- hydrodynamic volume in solution [22]. This could mean
tents of pyruvic and acetic acid from the wild-type and that the xanthan produced by mutant M-11 has a higher
mutants xanthan are shown in Table 2. molecular mass or assumes a different spatial conformation
The acetate content of the polysaccharide was similar for ~ than polysaccharides from the other mutants and from the
all mutants and the parent strain. Lower pyruvate contentvild-type. No correlation was found betweervalues and
appeared in the M-11 mutant in comparison with the wild- pyruvate or acetate contents. This result coincides with the
type. However, this mutant, although showing increasedeports of Calletet al [1], who found no influence of the
xanthan and broth viscosity, had similar viscosifying ability =~ substituent contents on the intrinsic viscosities of xanthan

solutions.
Table 1 Growth and xanthan production by the mutants and wild-type Mutant M-11 showed the h.'gheSt mcregse In viscosity
strain in flask cultures and YM medium (39%) and xanthan concentration (46%) with respect to the
parent strain (Table 1). These increments are higher than
Strain Growth Viscosity Xanthan  Viscosifying those obtained by mutagenesis by Margeetl [7] or by
(Aso0 ) (mPa.s) (9D) ability genetic engineering techniques [16,19], and comparable to

(mPas/gL’)  the results of Destefano and Rosato [2] by transposon

mutagenesis. Even higher viscosity and gum production

SAV (WT) 8.1 1360 7.8 174

M-11 6T 1890 114 166 was achieved by mutant M-11 when evaluated in the pro-
M-18b 75 1490 8.2 178 ductlpn medmm (Table 3). These re'sults shpw the potential
M-19° 8.3 1550 7.4 210 of this strain for xanthan production. This mutant was
M-20° 7.8 1410 9.2 166 selected by halo size on starch-agar plates, and thus shows
M-31° 8.1 1510 10.2 149

the feasibility of using this criterion for the selection of
aSelected by larger halo in starch-agar plates |mproved xanthan prOducerS'

bSelected by colony size. ' Mutant M-11 showed a lower total _ceII growth and a
*Significant difference with the wild-type strain (Studentsest, 95% lOWer growth rate than the parent strain (Tables 1 and 3).
reliability). This suggests that the mutation(s) led to metabolic changes
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Table 3 Growth and xanthan production of mutant M-11 and the parent
X. campestridgn the production medium

8

Strain Growth u  Viscosity Xanthan Productivity Viscosifying
(Asoonm (M) (MPas) (@) (gL*h™)  ability
(mPa.s/g )
9
SAV 4.9 0.23 1530 10.0 0.21 153
M-11 3.9 015 2150 13.5 0.28 159 10

“Significant difference with the wild-type strain (Studentgest, 95%
of reliability). 11

which decreased growth but favored xanthan synthesis.
Since mutant M-11 was selected by its larger halo ont?
starch-agar plates, it seems that multiple mutations or a
pleiotropic mutation took place which affected at the same 3
time cell growth, xanthan production and alpha amylase
expressionXanthomonas campestis], andPseudomonas
solanacearum[3], have gene clusters involved in the 14
biosynthesis of both EPS and LPS. Considering that ap
effect on LPS biosynthesis could be related to cell growth,
a mutation in one of these genes could account for the

observed behaviour of the M-11 mutant. 16
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