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ABSTRACT

Six isolatesof indigenous rhizobiaof Central Amazoniawere screened for the production of amylasesinliquid
mediausing various starchy substances as carbon sources. All rhizobiastrains could produce more extracel lular
protein, biomass and amylases with the different kinds of carbon substrates. Among the carbon sources
tested maltose was the best substrate for protein and amylase production. In general, peach palm flour and
corn starch (maizena®) were also considered to be good carbon sources for rhizobia amylases. On the other
hand, the biomass production by the rhizobiaisolateswas higher in the presence of oat flour. INPA strain R-
926 was agood amylase producer in maltose (1.94 U) and corn starch (0.53 U) media. INPA strain R-991 was
also agood amylase producer in maltose (1.66 U) and corn starch (1.59 U) yielding significant extracellular
amylase. Correlation analysis showed significant and positive relationships between rhizobia amylases and
final pH (r =0.49, P<0.05), extracellular protein (r = 0.47, P< 0.47) and biomass production (r = 0.69, P< 0.01)
inthe maltose medium. Theresults obtained in thisstudy revealed several Central Amazonian rhizobiastrains

as promising sources of amylase for biotechnological applications, especially in starch industry.
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INTRODUCTION

Amylolytic enzymesfrom numerous sources degrade starch,
the primary storage polysaccharide in plants. Amylases are
among themost important enzymesand are of great significance
in present-day biotechnology, having approximately 25% of
the enzyme market (30). New amylases could be potentially
useful in the pharmaceutical and fine-chemical industries if
enzymeswith suitable properties could beidentified (26). With
the advent of new frontiers in biotechnology, the spectrum of
amylase applications has expanded into many other fields, such
asclinical, medicinal and analytical chemistry (28).

The amylases can be derived from several sources, such as
plants, animals and microorganisms. Because of their short
growth period, the enzymes from microbial sources generally
meet industrial demands (27,31). The first enzyme produced
industrially wasan amylase from afungal sourcein 1894, which

was used for thetreatment of digestivedisorders(7). At present,
Bacillus, Aspergillus and Rhizopus species are considered to
be the most important sources of industrial amylases (14,28).
Nevertheless, various other sources of microbial amylases are
been investigated in all world.

Growth conditions and nutrients promote high yields of
microbial amylases. However, carbon sources such as dextrin,
fructose, glucose, lactose, maltose and starch arevery expensive
for commercial production of these enzymes (14,15). These
expensive products can be replaced in the medium with
economically availableagricultural by-products(11) or industrial
amylaceous substances as carbon substrates. In this sense,
brans, straws and flours of differente grains and tubers, such
asbarley, corn, cassava, potato, rice, sorghum and wheat, have
been used in the fermentation medium to increase the
productivity of amylases from bacteria and fungi (2,16,29).
Besides being the first report of occurrence of amylases in
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indigenousrhizobiaof Centrad Amazonia, AM, Brazil, the present
paper examines the use of aternative industrial amylaceous
substances as carbon substrates for the production of amylases
withrhizobial isolates.

MATERIALSAND METHODS

Isolation of rhizaobia, growth conditions and preliminary
screening procedur es

[noculum soil sampleswere mixed with sterilized sand (30:1)
and placed in plastic cups (900 mL) in a greenhouse. Cowpea
[Vigna unguiculata (L.) Walp] and soybean [Glycine max (L.)
Merr.] were used inthisstudy astrap host plantsfor indigenous
rhizobia. Inoculum soil samples(depth of 0-10 cm) werecollected
fromrural properties of Central Amazonia, AM, Brazil. Crops,
including common bean, cowpea, cassava, cabbage, pumpkin,
cucumber, okra and grasses had been planted in these sites.
These soilsare moderately fertile, with soil pH around 5.5-6.5.

After 40 days noduleswith pink or red-stained tissueswere
taken from the root system of the trap-host plants. The nodules
were surface-sterilized with 95% alcohol for 10 s, followed by a
surface-sterilized with 1% NaOCI for 4 min and washed several
timeswith sterile water. The nodule contents were streaked on
yeast extract-mannitol agar (Y MA) medium (39) and incubated
at 28°Cinthedark. Themedium contained (g L*): 0.0 mannital,
0.4 K;HPO,, 0.1 K,HPO;, 0.2 MgS0..7 H,O, 0.1 NaCl, 0.4 yeast
extract and 15 agar adjusted to pH 6.8. Theisolateswerepurified
through the repeated plating method on YMA. Bacteria from
single colonies were then screened for amylase production on
modified YMA.

M ediaand screening procedur es

Modified Y MA mediumwith the substitution of the mannitol
by corn starch (maizena®) was used to detect amylolytic activity
inall rhizobiastrains. Theplateswereinoculated by transferring
cellsfrom colonies(5-7 days-old) with aflame sterilized platinum
loop and wereincubated for 4 daysat 28°C inthedark. After cell
growth, the Petri dishes were flooded with an iodine tinture
solution. A yellow zone around the colony in an otherwise blue
medium indicated starch-degrading activity (5). In this
experimental condition, a total of 67 isolates were screened.
Thelevel of enzyme production was evaluated by the diameter
of cleared zone (DCZ), measured in millimeters, onthereverse
of the Petri dishes.

Theisolateswith the highest DCZ were then characterized
by growth time (2-7 d incubation), colony appearance (colony
colour, form and opacity), size of colony (mm), extracellular
polysaccharide (EPS) production, and ability to the change pH
of themedia(acid or akali). Indoleacetic acid (IAA) production
(22) in the absence of tryptophan and urea degradation (10) by
the isolates were also evaluated. These isolates were then
identified by partial sequencing of the 16S rRNA gene at the

Rhizobiaamylase production

Center for Nuclear Energy and Agriculture (CENA, Piracicaba,
SP, Brazil). The rhizobia strains selected were investigated for
production of amylasesin modified yeast extract-mannitol (Y M)
medium (39) wherethemannitol wasreplaced by various starchy
substances as carbon substrates. YM was used as a control,
and the maltose was also tested as a soluble carbon source.

Effect of star chy substanceson growth and amylaseproduction

The effect of the wheat bran, cassava, oat, peach palm,
potato and tapioca flour, corn starch (maizena®) and maltose
were studied through isolate growth and amylase production
after adding 1.0% (w/v) to the modified YM medium. All
amylaceous substances used in this study were purchased from
thelocal market, Manaus, AM.

Pre-inoculawere prepared in Erlenmeyer flasks, containing
30mL of Y M medium, previoudly sterilized (120°C, 15 min). After
cooling the medium, a loopful of bacteria was aseptically
transferred to each flask. Theflaskswerethen shakenin arotary
shaking incubator (65 cyclesper min) at 28°C for 3 (fast-growing
strains) or 5 days (slow-growing strains). One milliliter of the
pre-inoculastandardized (approximately 2.2 x 10°UFC mL-1) was
added to 50 mL of modified YM medium and incubated in the
same experimental conditions mentioned previously. Before
enzymatic assay, the cells were harvested by centrifugation
(12.000 rpm, 10 min) and the clear supernatant was used as
crude enzymeto evaluate reducing sugars, extracel lular protein,
amylase activity and final pH of the medium.

Rhizobial biomassand pH determination

At theend of cellular growth in each culture medium (3 and
5-days for fast and slow-growing strains, respectively), the
biomass production (g L) was determined as cell dry weight
after centrifugation (12.000 rpm, 10 min) of 2 mL of the culture
medium intriplicate, and dried at 105°C overnight until constant
weight. Final pH of the cultures was registered using a glass
electrode.

Analytical proceduresand statistical analysis

Amylase activity was determined by measuring theincrease
in reducing sugar formed by the enzymatic hydrolysis of corn
starch (maizena®). Three hundred pL. 1% corn starch, previously
gelatinized, 0.35 L 0.05 M phosphate buffer pH 6.5 and 0.35 L
enzyme supernatant were mixed and incubated at 37°in awater
bath for 30 min. The final volume was adjusted to 10 mL with
distilled water and the absorbency measured at 511 nm with a
spectrophotometer (Spectrum UV-Vis Spectrophotometer). The
amount of reducing sugar liberated was quantified by Nelson's
modification of the Somogyi method (25). One enzymeunit (U)
was defined as the amount of enzyme that released 1 umol of
reducing sugar mL-* min', with D-glucose asthe standard, under
the standard assay conditions described above. The non-
enzymatic release of sugars was corrected by setting up a
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separate blank for each sample. Extracellular protein was
determined by the biuret method (13), using bovine serum
albumin (BSA) asthe standard curve.

Analysis of variance (ANOVA) was carried out to assess
thefollowing parameters: diameter of clearing zone, extracellular
protein, production biomass and amylase activity. For the last
three parameters, the design assumed cross-classification of
two factors: rhizobiastrains (INPA R-926, INPA R-957, INPA R-
975, INPA R-991, INPA R-988 and INPA R-915) and carbon
substrates (wheat bran, cassava, oat, peach palm, potato and
tapiocaflours, corn starch, maltose and mannitol) arrangedina
6 x 9factoria. All the experimentswere performedintriplicate
and analyzed according to Tukey’stest comparisons (P< 0.01).

Pearson product-moment correlation analysis was used to
determine the relationship between amylase activity and final
pH, extracellular protein and bacterial biomass from rhizobia
strains. Statistical software (StatSoft, Tulsa, USA) wasused for
this correlation analysis.

RESULTSAND DISCUSSION

Primary screening by star ch hydrolysison modified YMA

Sixty-seven bacterial isolates were obtained from cowpea
(46) and soybean root nodules (21) of which 22 (32.8%)
exhibited amylolytic activity on modified Y MA medium (Fig.
1). Nineteen amylolytic bacteria were isolated from cowpea
and three from soybean nodules, respectively. Of these,
bacterial isolate INPA R-926 showed the highest amylolytic
activity withaDCZ of 21.4 mm, followed by R-988, R-957, R-
991, R-915and R-975 (Fig. 1).

Phenotypicand genotypic char acterization

The growth time, which is often referred to as a mean
characteristic to distinguish rhizobial genera(43), wasestimated
using incubation time (Table 1). With the exception of INPA
strainsR-915 and R-988, dl rhizobiastrainsisol ated from cowpea
root nodules formed colonieswithin atime period of 2-5 days.

INPA R-922*
INPA R-915*
INPA R-995%*

110.5 gh

113.7¢

INPA R-994** — IR
» INPAR-937* 1915k
.E INPAR-991** 116.3d
S INPAR-927* 19.61j
£ INPAR-968* 9.5 §j
& INPA R-960* 110.1 hi
-Z INPAR-938* T9.5 ij
S INPA R-908* 18.5 ki
N INPAR-957* 117.9¢
‘= INPAR-988* ]18.8b
22 INPAR-9II* [650

INPA R-926*
INPA R-975%*
INPA R-923* 7.2n

INPA R-987* 7.4n
INPA R-973* 8.41
INPA R-902* 8.1 Im

]214a

112.8 f

INPA R-990* 103
INPA R-921* 19.4]
0 4 8 12 16 20 24
DCZ (mm)

Figure 1. Diameter of clear zone (DCZ) of amylolytic rhizobia
strainson modified Y MA medium. * and ** = Rhizobiastrains
isolated from cowpea and soybean root nodules, respectively.
Meansfollowed by the samel etter are not significantly different
at 1% level.

As expected, theincubation time of colony formation of INPA
strain R-991 that was isolated from soybean nodul es exceeded
5 days. With respect to colony characteristics, three of the five
rhizobiaisolated from cowpeanodul es exhibited colonieswith
ayellowish colour. Additionally, white colonieswere produced
by isolatesINPA R-926, R-975 and R-991. | solatesR-991 and R-
988 exhibited colonieswith diametersgreater than 2.0 mm. Asto
formand opacity of thecolonies, dl isolatesthat formed irregular
colonies shaped were transparent and the circular forms were
opague. INPA strains R-926, R-991 and R-915 produced high
extracellular polysaccharide slime (EPS), while the production
of the other bacteriawas|ow or moderate. Among the rhizobia
strains that nodulated cowpea, only INPA R-988 was able to
akalify on YMA medium.

According to the classification of Rhizobiaceaein Bergeys's
Manud (19), thetwo main generaof theroot-nodule bacteriaare

Table 1. Phenotypic characterization of isolates nodulating cowpea and soybean plants.

Rhizobia Growth Colony Colony Colony Sime Opacity Medium IAA Urea
strains time diameter (M) form production reaction  production degradation
(day) color

INPA R-926* 2 white <20 irregular high transparent acid yes yes
INPA R-975* 35 white <20 irregular low/moderate transparent acid yes yes

INPA R-957* 35 yellow <20 circular low/moderate  opaque acid yes yes

INPA R-991** 57 white >20 circular high opague akdi yes yes
INPA R-915* 57 yellow <20 circular high opague acid yes no

INPA R-988* 57 yellow >20  irregular low/moderate transparent akdi yes yes

* and ** = Rhizobia strains isolated from cowpea and soybean root nodules, respectively.
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Rhi zobium and Bradyr hizobium. Rhizobiumis characterized by
fast growth on YMA, colonies that attain 2-4 mm in diameter
within 3-5incubation days, acid production and growthisusualy
accompanied by copious EPS at optimum temperature (25-30°C)
and pH of the medium (6-7). Although disparate in some
characteristics, such ascoloniessmaller than 2.0 mmin diameter
and low or moderate EPS production (except INPA strains R-915
and R-926), the bacterial isolatesINPA R-915, R-926, R-957 and
R-975 were preliminarily identified as Rhizobium. On the other
hand, Bradyr hizobiumis characterized by low growth, colonies
do not exceed 1 mm within 5-7 incubation days, produce an
akaline reaction and growth is usually accompanied by EPS
production under similar growth conditions to Rhizobium.
Although they formed colonies larger than 1 mm, INPA strains
R-991 and R-988 werepreliminarily referredto asBradyr hizobium.
Classifications based on standard phenotypic characteristics
arenot al embracing for indigenousrhizobia(3,24,27).

In this study, IAA production was registered for al six
rhizobia strains. These results agree with Boddey and Hungria
(4), whichfound IAA production by Brazilian Bradyrhizobium
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Figure 2. Amylase activity production of the rhizobia strains
evaluated. (A) Averagesof all ninecarbon sources; (B) Averages
of all six rhizobiastrains. Meansfollowed by the sameletter are
not significantly different at 1% level.

Rhizobiaamylase production

strains nodulating soybean. As suggested by Minamisawa et
al. (22) and Boddey and Hungria (4), the detection of 1AA
represents an easy and low-cost analysis, which shows agood
relationship with species subdivision and may be used for an
initial classification of rhizobia. Withtheexception of INPA strain
R-915, dl isolates were able to degrade urea. This dataisin
agreement with Mohamed et al. (23), who reported urea
hydrolysisby variousrhizobiastrainsisol ated from Acacia spp.

The 16SrRNA sequencesreveal ed that the bacterial isolates
INPA R-915, R-926, R-957 and R-975 are closely related to
Rhizobiumsp. (99% similarity), whilethetwo other INPA strains
(R-988 and 991) were closely related to Bradyrhizobium sp.
(99% similarity).

Effect of different carbon substrateson thestudied variables
There were significant differencesin extracellular protein,
biomassand amylase activity among rhizobiastrainsand among
carbon substrates (Figs. 2, 3 and 4), as well as a significant
interaction between rhizobia strains and carbon substrates
factors(Tables2 and 3). All rhizobiastrains could produce more
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Figure 3. Extracellular protein of therhizobiastrains eval uated.
(A) Averagesof al nine carbon sources; (B) Averages of all six
rhizobia strains. Means followed by the same letter are not
significantly different at 1% level.
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Table 2. Effect of various carbon sources on extracel lular protein, biomass and amylase activity production of six rhizobiastrains

(interactions rhizobiawithin carbon sources).

INPA R-926 INPA R-988 INPA R-957

Carbon Extracdlular Biomass Amylase Extracdlular Biomass Amylase Extracdlular Biomass Amylase
substrates protein activity protein activity protein activity

(mgmL?) (gL (@UmLT)  (mgmL?) (gL®) (UmL?Y) (mgmL?) (gL (UmL?)
Wheat bran 111h 090c 052c 111g 050e 0.27b 107h 100e 021f
Cassava flour 184e 177b  0.42d 1.23f 307b  019c 1269 203cd 0.39c
Oat flour 2.65¢ 300a 0.22g 245c¢ 520a 0.19c 243a 420a 0.32d
Peach palm flour 3.32b 170b  0.32e 2.16d 3.00bc 0.30b 150e 193cd 101b
Potato flour 251d 1.70b 0.24f 2.83b 150d 021c 182c 363b  026e
Tapiocaflour 252d 187b  0.17h 1.32f 250c  0.19c 211b 150de 0.21f
Corn starch 5.70a 107c  053b 34la 117d  0.15d 1.61d 190cd 0.23€f
Maltose 1.69f 320a 1%a 1.26f 160d 160a 154de 2.30c 1.78a
Mannitol (Control) 1499 090c 0.11i 1.23f 1.20d 0.08e 1.39f 110e 0169

INPA R-926 INPA R-988 INPA R-957

Carbon Extracdlular Biomass Amylase Extracelular Biomass Amylase Extrecdlular Biomass Amylase
substrates protein activity protein activity  protein activity

(mgmt?) (gL (UmL?)  (mgmL?) (gL @UmLT) (mgmL?)  (gL7) (UmLT)
Wheat bran 111g 0.83f 0.55b 102e 0.53i 0.27d 129¢e 047f 027cd
Cassava flour 147d 1.70c  0.30b 181b 277d  022e 121e 193d 0.35c
Oat flour 2.24b 500a 0.16b 167c 3.63b 0.14f 201b 380a 0.21d
Peachpamflour  1.43de 110e 054b 1.84b 39%a 037b 167c 230cd 051b
Potato flour 2.10b 206b  0.23b 16lc 293¢ 03lc 210ab 317b  0.25d
Tapiocaflour 2.20b 150d 0.22b 1.43d 097h  020e 217a 280bc  0.22d
Corn starch 425a 097¢f  159a 167c 170e 0.13e 1.50d 120e 0.35c
Maltose 1.30f 1.80c 1.66a 1.37d 1.10g 163a 1.76c 413a 16ba
Mannitol (Control) 1.36¢€f 060g 0.26b 222a 1.30f 0.09¢g 1.75¢ 1.90d 0.24d

Means followed by the same letter are not significantly different at 1% level.

total extracellular protein, bacterial biomassand amylaseswith
different kinds of carbon substrates. Rhizobium sp. strain INPA
R-926, Bradyrhizobium sp. strains INPA R-988 and R-991
produced more extracellular protein using corn starch as the
carbon substrate while oat flour, mannitol and tapioca flour
proved to be good carbon sources for protein secretion by
Rhizobium sp. strains INPA R-957, R-915 and R-975,
respectively. With the exception of the INPA R-915, that exhibited
ahigh biomass production in the peach palm medium (Table 2),
the highest bacterial biomassyield wasregistered with oat flour.
INPA strains R-926 and R-915 exhibited high biomassyield using
maltose as sole carbon substrate (Table 2).

In this study, the effects of different carbon sources on
biomass yield showed that the bacterial isolates behaved
differently. Additionally, oat and peach palm flour could congtitute
cheap carbon sources for a good bacterial growth. Similar
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conclusions have also been obtained for other microorganisms.
Ramesh et al. (29) reported that biomass production by
Clostridium thermosul furogenes using barley and tapiocaflour
did not differ significantly when soluble starch was used as
carbon source. No significant difference was detected in biomass
production by Rhodothermus marinus when maize starch
(insoluble) and maltose were used asgrowth substrate (12). Haq
et al. (16) obtained greater biomass yield by Bacillus
licheniformisusing pearl millet and rice than with soluble starch.

In relation to amylase activity, all the isolates were able to
producethisenzymeto different extents using different carbon
substrates. Comparatively, maltose was considered to be the
best substrate among the tested carbon sources (Table 2 and
Fig. 2b). Except for theinteraction rhizobiaamylase production
withintapiocaflour, the other interactionsweresignificant (Table
3). INPA strain R-926 was a good amylase producer in the
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Table 3. Effect of various carbon sources on extracel lular protein, biomass and amylase activity production of six rhizobiastrains

(interactions carbon sources within rhizobia strains).

Mannitol (Control)

Peach palm flour Cassavaflour

Rhizobia Extracdlular Biomass Amylase Extracelular Biomass Amylase Extracdlular Biomass Amylase
strans protein activity protein activity protein activity
(mgmL?) (gL @UmL?)  (mgmL?) (gL (UmL?) (mgmL?)  (gL?) (UmL?)
INPA R-926 149c¢ 090c 0llc 3.32a 170d 032c 184a 177b  042a
INPA R-957 1.39d 110bc 0.16b 150e 193cd 10la 126c¢ 203b  0.39a
INPAR-975 175b 190a 024a 167d 230c 051b 121c 193b 0.35ab
INPA R-991 1.36d 060d 0.26a 143e 110e 054b 147b 170b  0.30bc
INPA R-988 173b 120b  0.08c 2.16b 300b  0.30c 123c 307a 0.19d
INPAR-915 2.20a 130b  0.09c 184c 39%a 037c 18la 277a 022cd
Tapiocaflour Wheat bran Corn starch
Rhizobia Extracdlular Biomass Amylase Extracellular Biomass Amylase Extracdlular Biomass Amylase
strans protein activity protein activity  protein activity
(mgmL) (gL (@UmLY) (mgmL?) (gL (UmLE) (mgmL?)  (gL?) (UmL?)
INPA R-926 252a 187b 017a 111b 090& 052a 5.70a 107c¢  053b
INPA R-957 211b 150b 0.21a 1.07bc 100a 021b 161d 190a 0.23d
INPAR-975 217b 280a 022a 1.29a 047b  0.27b 150e 120bc 0.35c
INPAR-991 2.20b 150b 0.22a 111b 083a 055a 425b 097c¢ 159a
INPA R-988 1.32d 250a 0.19a 111b 050ab 027b 34lc 117c 0.15de
INPA R-915 143c 097c¢ 020a 102c 053ab 0.27b 167d 170ab 013e
Potato flour Oat flour Maltose
Rhizobia Extracdlular Biomass Amylase Extracellular Biomass Amylase Extracdlular Biomass Amylase
strans protein activity protein activity  protein activity
(mgmL) (gL (@UmLY) (mgmL?) (gL (UmLE) (mgmL?)  (gL?) (UmL?)
INPA R-926 251b 170c 0.24ab 265a 300d 022b 169a 320b 19%a
INPA R-957 1.82d 363a 026ab 2.43b 420b  0.32a 154b 230c 178b
INPAR-975 2.10c 317ab 0.25ab 2.01d 380b 0.21b 176a 413a  165c
INPA R-991 2.10c 200c 0.23ab 224c 500a 0.16b 1.30cd 180cd 166¢C
INPA R-988 2.83a 150c 0.21b 245b 520a 0.19b 1.26d 160de 160c
INPAR-915 16le 293b 03la 167e 363c 014b 137c 110e 163c

Means followed by the same letter are not significantly different at 1% level.

maltose (1.94 U) and corn starch (0.53 U) media. For theINPA R-
991, considered in this study as best amylase producer (Fig.
23), maltose (1.66 U) and corn starch (1.59 U) gave a so significant
production of extracellular amylase (Table 2). In general, low
levelsof amylaseswere registered when mannitol (control) was
used as the sole carbon source. In comparison with maltose,
the extracellular amylase activity wasten-fold lower (Fig. 2b).
Maltose has been reported to be a better substrate than
starch for amylase production by Rhodothermus marinus (12),
Clostridiumthermosulfurogenes (17), Thermococcus profundus
(18), Clostridiumsp. (20) and C. thermocellum(38). In contrast,

starch was found to be a better substrate than maltose for
production of thisenzyme by Clostridium ther mosul furogenes
(31), Bacillussp. (33) and B. stearothermophilus (40). Srivastava
and Baruah (34) reported that amylase production by B.
stear othermophilus was better on starch than on maltose. In
general, peach palm flour was al so revealed to be agood carbon
source (Fig. 2b), especialy for INPA strain R-957 (Tables 2 and
3). Although there are several studies(1,9,11,12,16,21,29) about
the use of different grains and tubers for the production of
microbial amylases, thisis the first report of the use of peach
palm flour as a carbon substrate for bacterial amylases.

213



Oliveira,A.N. etal.

Moreover, the results of thisessay suggest that several rhizobial
amylases could be potentially useful in the saccharification of
peach palm starch.

Bacillus species are considered to be the most important
sources of microbial amylases (28). In the present study, the
average activity of 1.7 U in maltose medium (Fig. 4b) waslower
than the values found for Bacillus subtilis (32) and B.
licheniformis (1), which under optimal culture conditions
produced 535 and 252 U, respectively; however thisvalue was
higher than that reported for B. coagulansand B. circulans (2),
Aeromonas sp. and Pseudomonas sp. (36).

The protein content in the culturefiltratesvaried significantly
(p<0.01) among strains (Table 3and Fig. 3a). WhileINPA strain
R-926 exhibited the highest total protein valueinthis essay, the
lowest protein content were observed in the culture filtrates of
the INPA strains 915 and R-957 (Fig. 3a). Among the different
carbon substrates evaluated, maltose and wheat bran provided
the highest and the lowest protein contents, respectively (Fig.
3b). The highest biomassyieldswere shown by INPA strains R-
975, R-988 and R-957 (Fig. 4a). As reported previously for

INPA R-991

B

1.73 e A

INPA R-926 1.79d

|

INPA R-915 |z.1oC

INPA R-957 |z.1s b

Rhizobia strains

INPA R-988 |2.19 b

INPA R-975 |2441 a

Wheat bran J 0.71 h
Mannitol :| 1.17¢g B
Corn starch :I 133 f
Tapioca flour :I 1.86 ¢

Cassava flour |2.21 d

Peach palm flour

Carbon sources

|2.33 c

Maltose |2.36 c

Potato flour |2A49 b
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Biomass production (g L")

Figure4. Biomass production of therhizobiastrains eval uated.
(A) Averagesof al nine carbon sources; (B) Averages of all six
rhizobia strains. Means followed by the same letter are not
significantly different at 1% level.
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extracellular protein, wheat bran did not favour biomass
formation of the rhizobial strains studied (Fig. 4b). Thusit is
evident that wheat bran asacarbon substrate is not suitable for
protein secretion and growth of the rhizobia strains eval uated.

Corrélation analysis

Correlation analysis between rhizobia amylases (averages
of all six rhizobiastrains) and final pH of the medium showed a
negative relationship for tapioca and potato media, and a
significant and positive relationship for wheat bran, corn starch
and maltose media (Table 4). In severa studies, significant
positive associations between final pH of the medium and
microbial amylase production have been reported (35,37,41).
Theresultsof thisexperiment arein agreement with thesereports.
Significant negative correlation coefficients were observed
between rhizobia amylases and extracellular protein for peach
palm and potato media, while for oat flour and maltose weak
positive correlations were found (Table 4). The negative
correlations observed in this study suggest that peach palm
and especially potato flour were not specific for rhizobiaamylase
production, since the secretion of other extracellular enzymes
was aso stimulated on solid culture media (data not shown).
Unsurprisingly, biomass production in the wheat bran, potato
flour, oat flour and maltose media was significantly and
positively correlated with rhizobia amylases. This type of
correlation has also been found by Davis et al. (8) in Bacillus
stearothermophilus, Castro et al. (6) in Bacillus
amyloliquefaciensand Stamford et al. (35) in Nocardiopsis sp.

Ontheother hand, rhizobiaamylases grown in cassavaflour
and corn starch were negatively associated with bacterial biomass

Table 4. Pearson product-moment correlation coefficients
between amylase activity production and final pH, extracellular
protein and biomass of rhizobiastrainsgrown in various media
(n=18).

Carbon Variables
substrates Find Extracdluar  Biomass
pH protein production
Mannitol -0.42N8 -0.46\s 0.03%s
Peach palm flour -0.32\ -0.56° -0.34Ns
Cassava flour -0.29"s 0.12\s -0.84"
Tapiocaflour -053 -0.02\s -0.20N
Wheat bran 0.66™ 0.46\s 056
Corn starch 0.59™ -0.09% -0.49
Potato flour -052 -0.86" 056
Oat flour 0.12ns 055 056
Maltose 049 047 0.69™

NS=Not significant; * and** = Significant at 5 and 1%, respectively.



(Table4). Thiscould be dueto presence of inhibitory substances
in wheat starch and cassava for the production of amylases, as
previously discussed by Hag et al. (16) and Wood (42). Final pH,
rhizobial biomassand extracellular protein (averagesof all nine
growth media) exerted different effects on bacterial amylases
(Table 5). Final pH was negatively and positively associated
with amylase production for INPA strains R-988 and R-991,
respectively. Extracellular protein was also positively correlated
withamylaseactivity in INPA strainsR-926, R-988, R-915and R-
975. Similarly, bacterial biomass was positively related with
amylase productionin INPA strain R-926 (Table5).

The results obtained in the study revealed several Central
Amazonian rhizobia strains as promising sources of amylase
for biotechnological applications, especialy in starch industry.

Table 5. Pearson product-moment correlation coefficients
between amylase activity and final pH, extracellular protein and
biomass of rhizobiastrains (do not considering carbon sources,

n=27).

substrates Find  Extracdlular  Biomass
pH protein production
INPA R-926 0.32%s 045 0.53"
INPA R-9838 -0.78" 043 -0.14ns
INPA R-957 0.12v 0.25%s 052"
INPAR-991 054" 0.02%s -0.27s
INPAR-915 0.27Ms 039 -0.23%
INPAR-975 -0.3Ms 052" 0.01Ns

NS=Not significant; * and ** = Significant at 5 and 1%, respectively.
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RESUMO

Producao deamilase por rizébios, usando varias
substancias amilaceas como substratos de carbono

Seisisolados de rizobianativos daAmazonia Central foram
selecionados para a producdo de amilases em meio de cultura

Rhizobiaamylase production

liquido, usando varias substancias amilaceas como fontes de
carbono. Os resultados mostraram que todos os isolados de
rizobia podem produzir quantidades diferenciadas de proteina
extracel ular, biomassa e amilases com diferentestiposdefontes
de carbono. Entre asfontes testadas, maltose foi amelhor para
as producdes de proteina e amilase. Por outro lado, a producéo
de biomassa pel os isolados de rizobiafoi maior napresencade
farinha de aveia. O isolado INPA R-926 mostrou-se um bom
produtor de amilase nos meioscom maltose (1,94 U) eamido de
milho (0,53 U). O isolado INPA R-991 também foi um bom
produtor de amilase com rendimentos significativos napresenca
de maltose (1,66 U) e amido de milho (1,59 U). Asandlises de
correlacdo revelaram relacBes positivas e significativas entre
asatividadesdeamilaseepH final (r =0,49, P< 0,05), proteina
extracelular (r = 0,47, P< 0,47) e aproducéo de biomassa (r =
0,69, P < 0,01) no meio com maltose. Os resultados obtidos
nesse estudo revelaram algunsisolados de rizobio daAmazoénia
Central como fontes promissoras de amilases para aplicactes
biotecnol égi cas, especial mente naindustria do amido.

Palavr as-chave: Rhizobium, Bradyr hizobium, feijao caupi, soja,
farinhade pupunha, Amazénia Central
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