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Alternansucrase mutants of Leuconostoc mesenteroides  strain
NRRL B-21138

TD Leathers, JA Ahlgren and GL Cote

Biopolymer Research Unit, National Center for Agricultural Utilization Research, Agricultural Research Service, US
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Alternan is a unique a-D-glucan of potential commercial interest, produced by rare strains of Leuconostoc mesenter-
oides . Natural isolates that produce alternan, such as NRRL B-1355, also produce dextran as a troublesome contami-
nant. We previously isolated mutants of strain NRRL B-1355 that are deficient in dextran production, including the
highly stable strain NRRL B-21138. In the current work, we mutagenized strain NRRL B-21138 and screened survivors
for further alterations in production of alternansucrase, the enzyme that catalyzes the synthesis of alternan from
sucrose. Second generation mutants included highly stable strain NRRL B-21297, which produced four-fold elevated
levels of alternansucrase without an increase in the proportion of dextransucrase activity. Such alternansucrase
overproducing strains will facilitate studies of this enzyme, and may become valuable for the enzymatic production
of alternan. Another highly stable mutant strain, NRRL B-21414, grew slowly on sucrose with negligible production
of glucan or extracellular glucansucrase activity. This strain may prove useful as an expression host for glucan-
sucrase genes.
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Introduction reaction is entirely extracellular. Dextransucrase promotes

Although many strains of euconostoc mesenteroidgeo- an analogous reaction, producing dextran and fructose

duce dextrans, only three naturally occurring strains out Ofrom SUCTOSE.

hundreds examined produce alternan [4,6,13]. Dextrans In fermentative production of alternan and dextran, fruc-
from L. mesenteroidesare a-p-glucans with backbone tose is taken up and consumed by celld ofnesenteroides

structures in whicha-(1— 6) linkages predominate [3]. Since fructosg is commercially valuable, cgll-free enzy-
Alternan is also av-p-glucan, distinguished from dextran matic syrjthe5|s of alternan may be an attractive alternative.
by a backbone structure of regular, alternatingl — 6), Enzymat_lc production may offer other ad_vantages as well,
a-(1— 3) linkages [4,11,12]. This unique structure is Such as improved control of product quality. Alternan pro-
thought to be responsible for alternan’s distinctive physicaduction has been demonstrated using immobilized alternan-
properties of high solubility and low viscosity. Alternan and sucrase [3]. However, available methods for purification of
its derivatives have functional properties that resemblelternansucrase are complex and costly, and suffer from
commercially valuable glucans such as gum arabic, maltoPoor yields [4,10]. Furthermore, natural isolates produce
dextrins, and Polydextroge [2]. Alternan thus has poten- only low levels of alternansucrase. Consequently, a major
tial uses as a low-viscosity bulking agent or extender ingoal of our research has been the development of improved
foods and cosmetics. microbial sources of alternansucrase.

However, all known naturally occurring strains &f We recently isolated.. mesenteroidestrain NRRL B-
mesenteroideshat produce alternan also produce dextran21138 as a highly stable derivative of alternan-producing
in significant amounts, and the separation of dextran fronstrain NRRL B-1355 [9]. Strain NRRL B-21138 secretes
alternan is a relatively complicated and expensive process  alternansucrase with little or no contaminating dextransuc-
[2,4]. Alternan-producing strains secrete two distinct gluco-rase. As a result, this mutant ferments sucrose to alternan
syltransferases when grown on sucrose-containing mediaith little detectable dextran. However, strain NRRL B-
[4]. Alternansucrase catalyzes the transferpeflucopyr- 21138 produces alternansucrase at levels approximately
anosyl units from sucrose to alternan. In the reactiorequal to its parental strain. In terms of further strain
scheme, the fructosyl moiety of the sucrose molecule ismprovements, we were thus interested in improving alter-
released. No costly organic cofactors are required, and thgansucrase yields. We were also interested in obtaining

mutants that produced neither dextransucrase nor alternan-
] . . _____sucrase, as potential hosts for cloned glucansucrase genes.
Reseateh, Agricultural Research Senice, US Dept of Agroutire. 15191 the current work, we mutagenized. mesenteroides
N University St, Peoria, IL 61604, USA NRRL B-21138 and screened survivors for further alter-

*Names are necessary to report factually on available data; however, thations in glucan or alternansucrase production_
USDA neither guarantees nor warrants the standard of the product, and

the use of the name by USDA implies no approval of the product to the

exclusion of others that may also be suitable
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Materials and methods approximately five-fold by ultrafiltration (Amicon, Beverly, 279
Cult nt wih and mut . MA, USA), mixed with sample buffer and heated for 10
ulture maintenance, gro and mutagenesis min at 70C just prior to SDS-PAGE on 4-12% gradient

L. mesenteroidestrain NRRL B-1355 was obtained from gels at pH 7.0 (Novex, San Diego, CA, USA). Replica gels

the ARS Culture Collection, Peoria, IL, USA. Strain NRRL ; : ; :
) P were either silver-stained to reveal total protein patterns
géii}ggc\ilv[%?Ld(m\efgg;{gm'(sig;‘:’g"r\]lsRérg-l’]f,??lgs rrﬁggnrltly[m] or developed as glucansucrase activity gels. Activity
>SCI 3 oIC NS W uinely main”  gels were incubated overnight at°85in a substrate buffer

tained on medium containing 2.0% sucrose, 0.15% poly ontaining 5.0% sucrose, 0.5% NP-40, 1.0 mM Gai@l
peptone, 0.15% beef extract, 0.15% yeast extract, 0.19 0 mM NaMiES at pH 5 2’ With 0.02% éodium azide as a
Tween 80, 0.2% ammonium citrate, 0.5% sodium acetatep : . e

’ ! reservative. Under these conditions, glucansucrases renat-
0.01% MgSQ-7H,0, 0.005% MnSQH,0 and 0.2% ured and catalyzed the formation of glucans in situ. Nascent

K,PQ,, pH 6.5. Solid medium contained 1.5% agar. Liquid glucan bands were precipitated in 50% methanol—10%

cultures were grown at 2€ with shaking at 100 rpm. For 2 ..ve 50id and stained using the periodic acid-Schiff's
mutagenesis, cells were harvested from midlog phase cu eagent [8]

tures (ORyo of 0.2—-0.7) and resuspended in 10 mM MgSO
before exposure to approximately 3@8V cm2 ultraviolet
radiation for 10-20 s, resulting in more than 90% mortality. Resylts and discussion
Survivors were diluted to produce isolated colonies on solid

medium containing sucrose. Plates were incubated ¥ 28 Strains used in this study

in the dark for 1-2 days. Strain NRRL B-1355 is a natural isolate &f mesenter-
oidesthat produces both alternan and dextran in approxi-
Mutant screening and characterization mately equal amounts [4]. Strain NRRL B-21138 is a

Mutagenized survivor colonies that were atypical in sizederivative of NRRL B-1355 that produces alternansucrase
or mucoid appearance on sucrose-containing solid mediuyith little contaminating dextransucrase [9]. Strain NRRL
were chosen as putative alternansucrase mutants. These i$921138 may be similar to other dextransucrase mutants
lates were grown in liquid culture and total extracellular described [14], but has been further characterized as highly
sucrase activity and glucan were measured. Derivative§table [9]. In the current study, strain NRRL B-21138 was
exhibiting a non-parental phenotype were Sequemia”ynutagemzed and sgreened _for further alterations in alter-
passed in liquid culture for more than 60 generation cyclegl@nsucrase production. Strains NRRL B-21297 and NRRL
and reassayed. Strains that retained a mutant phenotyfe21414 were independent derivatives of strain NRRL
after this extended period were considered geneticallj3-21138 that exhibited atypical colonial morphologies.
stable. Stable strains were assayed for glucansucrase activi-

ties, and alternansucrase proteins were characterized Wolonial morphologies of alternansucrase mutants

gel electrophoresis. Mutagenized survivor colonies were initially screened for
atypical colonial morphologies that might suggest changes
Enzyme and glucan analyses in glucan production. Colonies of strain NRRL B-21138

Liquid culture growth was monitored by optical density at (Figure 1b) were extremely mucoid, and even larger and
600 nm. Total extracellular glucan was quantified as thegnore spreading than colonies of natural isolate NRRL B-
dry weight of ethanol-precipitated material from cell-free 1355 (Figure 1a). This difference may reflect the fact that
culture supernatants. Alternan and dextran were calculategfrain NRRL B-21138 primarily produced alternan, while
as previously described, based on the preferential digestiogtrain NRRL B-1355 produced a mixture of alternan and
of dextran by dextranase [4]. Total extracellular sucraselextran; alternan is less viscous and has greater water solu-
activity was estimated by the production of reducing sugability than dextran [2]. Strain NRRL B-21297 (Figure 1c)
from sucrose [9]. Glucansucrase activity was measured ggroduced colonies that were smaller and less mucoid than
previously described [4], based on the incorporation of radithose of strain NRRL B-21138. Colonies of NRRL
olabel from [U#C] sucrose into methanol-precipitable glu- B-21414 (Figure 1d) arose only slowly on solid medium
can. Alternansucrase activity was calculated based on theontaining sucrose, and were essentially non-mucoid.
percentage of total precipitable radioactivity after exhausBased on these colonial morphologies, strains NRRL B-
tive digestion by dextranase [4]. Reported values are mearl297 and NRRL B-21414 were initially assumed to be
from replicate culture preparations, exhibiting standardsimilar mutants that produced reduced levels of alternan-
deviations of no more than 12% of the mean. sucrase.

Characterization of alternansucrase proteins Growth and production of glucans and

Alternanase is a recently discovered glucanase that specifgfucansucrases

cally attacks alternan [1]. In order to dissociate Strains NRRL B-1355, NRRL B-21138, NRRL B-21297
alternan/alternansucrase complexes, 25-ml aliquots of celand NRRL B-21414 were cultured in liquid medium con-

free culture supernatants were mixed with 5 ml partially  taining sucrose. Strains NRRL B-1355 and NRRL B-21138
purified alternanase preparation and incubated at room tenexhibited similar cellular morphologies. Typical df.
perature for 60 h while dialyzing the mixture against mesenteroidesells were lenticular and most often in pairs,

20 mM NaMOPS, pH 7.0, containing 1 mM CaChnd  although single cells and short chains could be found.
0.02% sodium azide. Dialyzed samples were concentrated  Strain NRRL B-21297 exhibited a strong bias toward
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Figure 1 Colonial morphology ofL. mesenteroidestrains on solid medium containing sucrose. Panels: (a) strain NRRL B-1355; (b) strain NRRL
B-21138; (c) strain NRRL B-21297; (d) strain NRRL B-21414.

growth in chains. Cells of strain NRRL B-21414 occurred 21138 was isolated as a mutant derivative of strain NRRL
primarily in clumps. B-1355 that produced alternansucrase with little dextran-

As shown in Figure 2, all strains with the exception of  sucrase [9]. Glucansucrase from strain NRRL B-21138
NRRL B-21414 grew after only a brief lag phase, andincluded alternansucrase at levels similar to NRRL B-1355,
reached a stationary phase within 24 h. These results sug-  and only low levels of dextransucrase (Figure 3). Total glu-
gest that differences in glucansucrases among these straican amounts produced by strains NRRL B-1355 and NRRL
did not limit growth. Strain NRRL B-21414 exhibited an  B-21138 were similar (approximately 25% of initial
extended lag period, and grew more slowly to a finalsubstrate), although glucan from strain NRRL B-21138 was
growth yield similar to those of other strains. predominantly composed of alternan (Figure 4).

Parental strain NRRL B-1355 produced approximately Contrary to initial assumptions based on colonial mor-
equal levels of alternansucrase and dextransucrase in liquid  phology, strain NRRL B-21297 produced elevated levels
medium containing sucrose, and corresponding quantitiesf alternansucrase in liquid culture containing sucrose
of alternan and dextran (Figures 3 and 4), consistent with (Figure 3). Maltose-grown cultures of strain NRRL B-
previous descriptions of this strain [4,6]. Strain NRRL B- 21297 produced negligible levels of glucansucrase (data not
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substrate carbon rather than enzyme levels, this result sug-
gests that strain NRRL B-21297 consumed more sucrose
for growth and other metabolic activities, possibly includ-
ing increased enzyme production, than did strain NRRL
B-21138.

It is unclear how or whether the overproduction of alter-
nansucrase is related to the colonial morphology of strain
NRRL B-21297; non-mucoid mutants dtreptococcus
gordonii that overproduced glucosyltransferase were
reported by Haisman and Jenkinson [5]. It is conceivable
that the atypical cellular morphology of strain NRRL B-
21297 is related to its colonial morphology. It may also be
that the reduced production of alternan contributes to the

Time (h) appearance of smaller, less mucoid colonies.
Figure 2 Growth of L. mesenteroidestrains in liquid medium contain- From an applied standpoint, strain NRRL B-21138
ing sucrose. Symbol®, strain NRRL B-1355M, strain NRRL B-21138;  would thus be superior for production of alternan by direct
O, strain NRRL B-21297[], strain NRRL B-21414. fermentation of sucrose. On the other hand, strain NRRL
B-21297 would be the strain of choice for production of

0.6 alternansucrase, particularly for the subsequent enzymatic
production of alternan. The high genetic stability of strains
NRRL B-21138 and NRRL B-21297 would be important
in commercial applications.

Strain NRRL B-21414 produced only very low levels of
extracellular glucansucrase and glucan (Figures 3 and 4).
The extended lag phase of this strain on sucrose (Figure 2)
may reflect an induction of intracellular sucrases, such as
sucrose phosphorylase [15]. Strain NRRL B-21414 may
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02 thus be useful as a host for the expression of isolated glu-
cansucrase genes.

01
Alternansucrase proteins

0.0 Spent medium from cultures grown in sucrose were treated

B-1355  B-21138  B-21207  B-21414 as described in Materials and Methods and analyzed by
Figure 3 Glucansucrase production by 2-day culturesLofmesenter- neutral pH SDS-PAGE. Silver-stained gel replicates
oides on liquid medium containing sucrose. Solid bars: alternansucrasghowed that the secreted protein patterns among the strains

activity. Hatched bars: dextransucrase activity. were similar (Figure 5a). Levels of alternansucrase proteins
were low relative to total secreted proteins, and individual
0.30 alternansucrase proteins were difficult to discern. However,
differences among strains could easily be seen by compar-
0.25 | ing the levels of glucan produced in activity replicate gels
0 after incubation in sucrose (Figure 5b). Wild-type strain
Eo20l NRRL B-1355 produced significant amounts of glucan at
§ two band positions corresponding to proteins of molecular
? o5t weights 145 and 135 kDa (Figure 5, lane B1). Both glucans
= were resistant to dextranase digestion, and thus presumably
£ o0 | corres_ponded to aptive alternans_ucrase species. Under
s experimental conditions used, active dextransucrase pro-
o teins were not detected. Dextransucrase is less stable than
0.05 - alternansucrase [4], and may be present on gels in an
\ S inactive form. Alternativ_ely, dextransucrase, perhaps
0.00 B.1355 B.21138  B.21297  B.21414 gg:ngcrenﬁgg with glucan, might be unable to enter the poly-
Figure 4 Glucan production by 2-day cultures bf mesenteroidesn [;/extrans'ucrase mutant strain NRRL B-21138 showed a

|tIrC;L:]Id medium containing sucrose. Solid bars: alternan. Hatched bars: de}T)attern similar to that of parental strain NRRL B-1355
(Figure 5 lane B2). Strain NRRL B-21414 produced only
a trace of stained glucan, consistent with the lack of glucan-
shown). Strain NRRL B-21297 is thus not similar to consti- sucrase activity seen in this strain (Figure 5 lane B3). Alter-
tutive alternansucrase mutants recently described [7]. nansucrase overproduction mutant strain NRRL B-21297
Surprisingly, strain NRRL B-21297 produced alternan byclearly produced elevated levels of glucan at both band pos-
fermentation in lower yields than did strain NRRL B-21138  itions (Figure 5 lane B4). In subsequent experiments, we
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Figure 5 Neutral pH SDS-PAGE (4-12% gradient gel) bf mesenteroidesulture supernatants. The left half of gel (a) was silver-stained after
electrophoresis to detect total proteins. The right half of gel (b) was incubated in a sucrose solution for 18 h prior to staining it with periodic acid/Schiff
reagent, to detect glucansucrase activity. Lanes: A1/B1, strain NRRL B-1355 (wild-type); A2/B2, strain NRRL B-21138; A3/B3, strain NRRL B-21214;
A4/B4, strain NRRL B-21297; S1, Novex Mark 12 molecular weight standards; S2, Novex See-Blue prestrained molecular weight standards. Molecular
weights (kDa) are indicated.

have further separated the 145 and 135-kDa alternansucrase in a genetic background free of dextransucrase will facili-
proteins from strain NRRL B-21297 and demonstrated thatate further studies of this enzyme, and expedite feasibility

they are distinct, although possibly related, species. Inter-  studies of commercial applications for alternan.

estingly, strain NRRL B-21297 also produced a minor

amount of glucan at positions corresponding to two PrOtei”%cknowledgements

of approximately 250 kDa. We are currently examining the

apparent heterogeneity among glucansucrases from thedbe guthors are grateful for the expert technical assistance
strains. of Trina Harman.
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