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A B S T R A C T  

Bac te ria have de vel oped spe cific sub strate uti liza tion pro files which al low them to grow only un der spe cific 
con di tions. They as sim i late dif fer ent or ganic sub strates as car bon and en ergy sources for their growth and bio - 
mass pro duc tion. In this study the car bon sub strate uti liza tion pat terns of three bac te ria [ Bacil lus paramy coides 
(Iso late - 3), Cit robac ter sed lakii (Iso late - 7), and En ter obac ter bugaden sis (Iso late - 11)] were in ves ti gated us ing BI - 
OLOG Gen III mi croPlate and API strip tech niques. These tech niques em ploy var i ous car bon sub strates to de - 
ter mine bac te r ial car bon uti liza tion pat terns more quickly, eco nom i cally, and ef fec tively. Sub se quently, bio - 
chem i cal analy sis us ing API 20NE test showed that the three bac te r ial species were pos i tive for Ni trate re duc - 
tion, Glu cose fer men ta tion, Ure ase ac tiv ity, hy drol y sis of Es cu line, as sim i la tion of N - acetyl - glucosamine, d - 
maltose and Potas sium Glu conate. In ad di tion, the three bac te ria as sim i lated 19 car bon sub strates ( d - Glucose, 
D - Sorbitol, Methyl Pyru vate, Dex trin, d - Maltose, d - Fructose, l - Alanine, l - lactic Acid, d - Gluconic Acid, d - 
Trehalose, d - Cellobiose, Glyc erol, Glu curon amide, l - Glutamic Acid, N - Acetyl - d - Glucosamine, b - Gentiobiose, 
Acetic Acid, l - Serine, and In o sine) of BI OLOG Gen III Mi croPlates. On the other hand, they were all un able to 
as sim i late Tween - 40, D - Arabitol, d - Lactic Acid, Methyl Es ter, d - Fucose, Quinic Acid, and d - Aspartic Acid. Sim - 
i larly, API 50CH car bo hy drate fer men ta tion analy sis showed that the three bac te ria in ten sively me tab o lized d - 
Ribose, d - Glucose, d - Fructose, N - Acetyl - Glucosamine, Ar bu tine, Es cu line Cit rate, d - Maltose, and d - Trehalose. 
It was also de ter mined that none of the three bac te ria could as sim i late Ery thri tol, l - Xylose, D - Adonitol, 
Methyl - β - d - Xylopyranoside, l - Sorbose, Methyl - α - d - mannopyranoside, Amyg da line, In u line, d - Melezitose, Ami - 
don, Glyco gene, Xyl i tol, d - turanose, d - Tagatose, d - Fucose, D - Arabitol, L - Arabitol, and Potas sium 5 - Ceto - 
Gluconate. The study re vealed that En ter obac ter bugaden sis and Cit robac ter sed lakii ex hib ited an in ten sive meta - 
bolic ac tiv ity and strong meta bolic cor re la tion than Bacil lus paramy coides. 

1 . Introduction 

Bac te ria have evolved with sev eral re mark able pref er ences of sub - 
strates for their growth and sur vival in the en vi ron ment. They can 
break down com plex or ganic mol e cules and re lease in or ganic nu tri - 
ents which then can be used by plants and thus play a cru cial role in 
bio geo chem i cal cy cles ( Stefanowicz, 2006 ). Among them, ure olytic 
bac te r ial prin ci pally de grade urea, as ure ase turns the un charged urea 
mol e cule into two charged ions: am mo nium (NH 4+ , pos i tively 
charged) and car bon ate (CO 3 2− , neg a tively charged) ( Omoregie et al., 
2017 ; Phang et al., 2018 ). Such ure ase pro duc ing mi croor gan isms 
have sev eral im por tant roles in med i cine, agri cul ture, and con struc - 

tion tech nol ogy. Hence, mi cro bial ure ase is re lated to the vir u lence of 
path o genic mi croor gan isms ( Omoregie et al., 2017 ), con tribut ing to 
uri nary stones ( Manzoor et al., 2018 ; Manzoor et al., 2018a ), 
pyelonephri tis and gas tric ul cer a tion ( Collins and D'Orazio, 1993 ; 
Mobley and Hausinger, 1989 ). Ure ases were also im mo bi lized and 
used as a biosen sor in con struc tion of a flow cell with the in cor po ra - 
tion of a ure ase - modified de vice for the con tin u ous mea sure ment of 
urea in flow ing sys tems ( Cullen et al., 1990 ), in duce cal cite pre cip i ta - 
tion ( DeJong et al., 2011 ; Omoregie et al., 2016 ) and were used along 
with urea fer til izer to ease hy drol y sis of am mo nium into the soil 
( Glibert et al., 2006 ). 
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A num ber of com mer cial kits are avail able that rely on car bon sub - 
strate uti liza tion pat terns and other phe no typic char ac ter is tics to 
iden tify mi crobes ( Konopka et al., 1998a, b ). They are much less la bo - 
ri ous and less costly com pared to cul ture - independent ap proaches. 
Among oth ers, BI OLOG mi cro - plate sys tem (BI OLOG Inc.) and API 
strips (Bio Mérieux) are stan dard ap proaches that are used to an a lyze 
bac te r ial car bon - source uti liza tion pat terns. Both are based on the 
prin ci ple of de ter min ing the abil ity of mi croor gan isms to as sim i late, 
fer ment, or de com pose cer tain com pounds. The tests were orig i nally 
de vel oped for clas si fi ca tion of bac te r ial iso lates based on the abil ity of 
the iso lates to ox i dize dif fer ent car bon sources ( Parkes, 1998 ) and are 
suit able tools for the char ac ter i za tion of nu tri tional phys i ol ogy of in - 
di vid ual mi croor gan isms ( Lladó and Baldrian, 2017 ). 

In their study, Gar land and Mills showed sub strate uti liza tion pat - 
terns of mi crobes through di rect in cu ba tion of en vi ron men tal sam ples 
in BI OLOG Mi croPlates with 95 dif fer ent sub strates ( Garland and 
Mills, 1991 ). Thus, the BI OLOG sys tem, (Hay ward, CA) has sim pli fied 
the as say of car bon sub strate uti liza tion pat terns by com bin ing a 
broad range of sub strates (95 in a 96 well mi crotiter plate) with a de - 
tec tion method based upon the re duc tion of tetra zolium vi o let in each 
well. As a con se quence, what is as sayed is not nec es sar ily growth but 
the ox i da tion of an or ganic sub strate which dri ves the for ma tion of a 
col ored in sol u ble for mazan ( Bochner, 1989 ). As a re sult, BI OLOG 
mea sures res pi ra tion rather than growth and is a bet ter sen si tive way 
to mea sure phe no types. That means af ter the cells were in oc u lated 
they re spond meta bol i cally by respir ing but not grow ing. In ad di tion 
to this, it al lows the mea sure ment of more cel lu lar path ways. It is also 
used to sys tem at i cally test what stim u lates growth, and equally im - 
por tant, what in hibits the growth of the mi croor gan isms ( Bochner, 
2009 ). 

A stan dard ized mi cro - method (API Strip) is also used for the study 
of car bon sub strate as sim i la tion by bac te ria ( Freney et al., 1985 ). Sub - 
strate as sim i la tion pat terns of bac te r ial iso lates can be as sessed by us - 
ing API test ing sys tems (Bio Merieux) which were orig i nally de signed 
for iden ti fi ca tion of non - fermentative, Gram neg a tive bac te ria of clin i - 
cal im por tance ( Robinson et al., 1995 ). Even - though API sys tems have 
been used for phe no typic iden ti fi ca tion of bac te r ial species ( Robinson 
et al., 1995 ; Barr et al., 1989 ), they also show sub strate fer men ta tion 
pat terns of mi crobes ( Pascual et al., 2017 ; Huber et al., 2017 ; Wüst et 
al., 2018 ). The test strips con sist of mi cro tubes (cupules) con tain ing 
de hy drated sub strates to de tect the en zy matic ac tiv ity or the as sim i la - 
tion/ fer men ta tion of sug ars by the in oc u lated or gan isms ( Barr et al., 
1989 ; GHN, 2013 ). One of the API strips used to de tect fer men ta tion 
of car bo hy drates is API 50CH which is used to study the me tab o lism 
of hy dro car bons and their de riv a tives (het ero sides, Poly - alcohols, 
uronic acids) by mi croor gan isms ( Holban and Grumezescu, 2018 ; 
Garland and Mills, 1991 ). Dur ing in cu ba tion, meta bolic prod ucts pro - 
duce colour changes that are ei ther spon ta neous or re vealed by the 
ad di tion of reagents ( BioMérieux, 2002 ). As a con se quence of car bo - 
hy drate fer men ta tion, the pH within the cupule changes and is shown 
by an in di ca tor. 

The BI OLOG sys tems have been ex ten sively used for test ing the 
for ma tion of biofilms ( Boehm et al., 2009 ), stud ies on fit ness costs as - 
so ci ated with the ac qui si tion of re sis tance to an timi cro bials ( Curiao et 
al., 2016 ; Sánchez et al., 2015 ), and also used in ap plied eco log i cal re - 
search to in ves ti gate sub strate uti liza tion pat terns of mi crobes 
( Bochner, 2009 ; Konopka et al., 1998a, b ; Smalla et al., 1998 ; 
Stefanowicz, 2006 ). In ad di tion, API strips have also been used in 
char ac ter i za tion of novel strains of bac te ria ( Huber et al., 2014 ; 
Pascual et al., 2019 ). Al though the use of BI OLOG sys tem and API 
strips have been ex ten sively in ves ti gated, no lit er a ture is avail able on 
the car bon sub strate uti liza tion pat terns of bac te ria iso lated from 
Ethiopian soil. Thus, the aim of this study is to ap ply the BI OLOG Gen 
III tech nol ogy and API strips to char ac ter ize the car bon sub strate uti - 
liza tion pat terns of three bac te r ial strains iso lated from Ethiopian soil. 

2 . Materials and methods 

2. 1 . Bacterial isolates and culture conditions 

Three bac te r ial iso lates (Iso late - 3, Iso late - 7, and Iso late - 11) be - 
long ing to the bac te r ial species, Bacil lus paramy coides, Cit robac ter ced - 
lakii , and En ter obac ter bugaden sis were re spec tively iso lated from 
Ethiopian soil and was used for the analy sis. Bacil lus paramy coides and 
Cit robac ter ced lakii were iso lated from Ethiopian rift val ley area (Soil 
pH  =  7.56, soil tem per a ture  =  33  °C, 101.5  Km south east of Ad dis 
Ababa, 8°27′N 39°16′E, and at an el e va tion of 1584.28  m above sea 
level). While, En ter obac ter bugaden sis was iso lated from Ethiopian 
high land soil (Soil pH  =  6.7, soil tem per a ture  =  30  °C, 501  Km West 
of Ad dis Ababa, 9°30′N 35°30′E, and at an el e va tion of 1821  m above 
sea level). The three iso lates were char ac ter ized at Leib niz In sti tute 
DSMZ - Ger man Col lec tion of Mi croor gan isms and Cell Cul tures. In oc - 
ula for sub strate uti liza tion test ing were pre pared from bac te r ial 
strains in cu bated aer o bi cally for 24  h and cul tured on nu tri ent agar 
plates (Sigma - Aldrich) at 35  °C. 

2. 2 . Biochemical and phylogenetic analysis 

2. 2. 1 . Biochemical analysis 
The bio chem i cal and en zy matic re ac tions for the three bac te ria 

were tested us ing the API 20NE test sys tem (Bio Mérieux SA, France) 
fol low ing the man u fac tur er's in struc tions. The test strip con tained 20 
minia ture bio chem i cal tests (8 con ven tional tests such as urea hy drol - 
y sis and 12 as sim i la tion tests, with sub strates such as d - Glucose) that 
were in oc u lated with a sam ple of a bac te r ial colony ( Barr et al., 
1989 ). Af ter in oc u la tion, the re ac tion mix ture was in cu bated for 
48  h  at 35  °C and then the data was recorded and in ter preted. 

2. 2. 2 . Phylogenetic analysis 
To de ter mine the phy lo ge netic po si tions of the three bac te r ial 

strains, 16  S rRNA gene se quences were am pli fied us ing the uni ver sal 
bac te r ial spe cific primers 8  F and 1492  R fol lowed by se quenc ing. 
Sub se quently, a phy lo ge netic tree was re con structed us ing MEGA ver - 
sion 10.0 ( Tamura et al., 2013 ). Prior to phy lo ge netic analy sis, in def i - 
nite DNA se quences at both ends were re moved and the gaps were ad - 
justed to im prove the align ment. Nu cleotide se quence align ments 
were in spected vi su ally to iden tify po si tions of un cer tain align ments 
to be cor rected or omit ted for fur ther analy sis ( Saitou and Nei, 1987 ). 
Mul ti ple se quence align ments were ob tained us ing the Clustal - W 
align ment tool from the MEGA - X soft ware with dis tance op tions ac - 
cord ing to the Kimura two - parameter model and clus ter ing with the 
max i mum like li hood sta tis ti cal method ( Saitou and Nei, 1987 ). Boot - 
strap analy sis based on 1000 repli ca tions was used to es ti mate the 
con fi dence level of the tree topolo gies ( Tamura et al., 2013 ). 

2. 3 . Carbon substrate utilization testing method 

Au to mated tetra zolium - based mi cro bial iden ti fi ca tion sys tem pro - 
duced by BI OLOG Inc. (Hay ward, USA) and the fer men ta tion test 
method API 50CH (Bio Mérieux) were se lected for test ing car bon sub - 
strate uti liza tion pat terns. BI OLOG Gen III Mi croPlate was used to an - 
a lyze 71 car bon source uti liza tion as says and API 50CH strip was used 
for analy sis of fer men ta tion of 49 car bo hy drates. 

2. 3. 1 . BIOLOG Gen III testing method 
Pure colonies of the bac te r ial iso lates were re - cultured on BI OLOG 

rec om mended agar me dia (BUG agar) and in cu bated at 35  °C for 24  h. 
About 3  mm di am e ter area of overnight grown fresh cell from the sur - 
face of each agar plate was picked up with a ster ile cot ton swab and 
trans ferred into a ster ile capped tube con tain ing 20  mL of the in oc u la - 
tion fluid (IF - 0, BI OLOG Inc.). The bac te ria were re leased into the IF 
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by rub bing the swab tip against the bot tom of the tube con tain ing IF. 
The cell con cen tra tion was ad justed to 85% trans mit tance on the BI - 
OLOG tur bidome ter. The iso lates were then in oc u lated with the cell 
sus pen sion (100  μL per well) us ing mul ti chan nel pipette and the Mi - 
croPlate was in cu bated at 35  °C into the Om niLog in cu ba tor/ reader 
for 36  h (BI OLOG Inc., Hay ward, USA). The changes of color in the 
wells were mea sured every 15  min and pro vided both am pli fi ca tion 
and quan tifi ca tion of the phe no type. Analy sis was car ried out us ing 
Om niLog® phe no type mi croar ray soft ware ver sion 1.2. The data were 
col lected us ing Om niLog® Mi croAr ray. Om niLog phe no type mi croar - 
ray (PM) data was analysed us ing opm (an R pack age) for a qual i ta - 
tive and quan ti ta tive analy sis of raw ki netic Om niLog PM data ( Vaas 
et al., 2012 ; Vaas et al., 2013 ). 

2. 3. 2 . API 50CH test method 
API 50CH strips were used to in ves ti gate the acid i fi ca tion of car bo - 

hy drate sub strates with the se lected bac te r ial iso lates ac cord ing to the 
man u fac tur er's pro to col (Bio Merieux). Pure colonies were cul tured on 
a nu tri ent medium (Ox oid) and in cu bated for 24  h  at 35  °C. Iden ti cal 
colonies were picked and sus pen sions with a tur bid ity equiv a lent to 
0.5 Mc Far land were pre pared in the am pule of API 50CHB/ E Medium 
(Bio merieux). The tubes were then filled with the in oc u lated API 
50CHB/ E Medium with the se lected strains and cov ered with min eral 
oil and in cu bated at 35  °C for 48  h. A pos i tive fer men ta tion test cor re - 
sponds to acid i fi ca tion re vealed by the phe nol red in di ca tor chang ing 
to YEL LOW and BLACK for the Es culin test. 

3 . Results and discussions 

3. 1 . Biochemical and phylogenetic analysis 

3. 1. 1 . API 20NE biochemical profiles 
API 20NE based bio chem i cal analy sis showed that the three bac te - 

ria were pos i tive for Ni trate re duc tion, Glu cose fer men ta tion, hy drol y - 
sis of Urea and Es cu line; and as sim i la tion of N - acetyl - Glucosamine, d - 
maltose and Potas sium Glu conate. Both C. sed lakii and E. bugaden sis 
showed sim i lar pos i tive re ac tions for Argi nine Di hy dro lase, β – 
galactosidase, l - Arabinose, d - Mannose, D - Mannitol and Acid Malique 
and all the three iso lates showed neg a tive re ac tion to wards, Acid 
Caprique and Acid Adip ique as sim i la tion ( Table . 1 ). 

Table 1 
Bio chem i cal test Pro file of the three iso lates. 

Characteristics B. paramycoides C. sedlakii E. bugadensis 

Enzyme Activities 
Nitrate reduction + + + 
Indole production – + – 
Glucose fermentation + + + 
Arginine Dihydrolase – w + 
Urea hydrolysis + + + 
Esculine hydrolysis + w + 
Gelatine hydrolysis + – + 
β - galactosidase – + + 
Assimilation Tests 
d - Glucose + + + 
l - Arabinose – + + 
d - Mannose – + + 
D - Mannitol – + w 
N - acetyl - glucosamine + + + 
d - maltose + + + 
Potassium Gluconate + + + 
Acid Caprique – – – 
Acid Adipique – – – 
Acid Malique – + + 
Trisodium Citrate + + + 
Acid phenylacetic – – + 

“+” means, Pos i tive, “W” means, weakly pos i tive and “ - ” means, Neg a tive. 

3. 1. 2 . Phylogenetic analysis 
Evo lu tion ary his tory based on Max i mum Like li hood method us ing 

Kimura 2 - parameter model and boot strap analy sis based on 1000 
repli ca tions ( Tamura et al., 2013 ) was used to es ti mate the con fi dence 
level of the tree topolo gies. Dur ing the screen ing stage, Bacil lus 
paramy coides was la beled as Iso late_3, Cit robac ter sed lakii as Iso late_7 
and En ter obac ter bugaden sis as Iso late_11. Phy lo ge netic analy sis re - 
vealed that Iso late - 3 was af fil i ated with the genus Bacil lus ( Fig. 1 ). The 
high est 16  S rRNA gene se quence iden tity for Iso late - 3 was 98.92% 
with Bacil lus paramy coides strain - MCCC - 1A04098. The analy sis placed 
iso late_7 in the vicin ity of Cit robac ter sed lakii strain - I - 75 and within 
the same group (99.18% 16  S rRNA se quence iden tity). The phy lo ge - 
netic analy sis also showed that iso late_7 is closely re lated to iso late_11 
than iso late_3. Iso late_11 was placed in the neigh bor hood of En ter - 

Fig. 1 . Mol e c u lar Phy lo ge netic analy sis by Max i mum Like li hood method based on al most - full - length 16′S rRNA gene se quences il lus trat ing the phy lo ge netic po si - 
tion of Iso lates_3, Iso late_7 and Iso late_11 and re lated taxa. The per cent age of trees in which the as so ci ated taxa clus tered to gether is shown next to the branches. 
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obac ter bugaden sis strain 247BMC which had a 16  S rRNA gene se - 
quence iden tity of 98.96% to this type strain. 

3. 2 . Carbon substrate utilization assay of BIOLOG Gen - III plates 

The analy sis showed vari able pref er ences in spe cific sub strate as - 
sim i la tion lev els among the three iso lates, where ma jor ity of the sub - 
strates were uti lized by C. sed lakii and E. bugaden sis. The uti liza tion 
as says heat map of 71 car bon sources are pre sented in Fig. 2 . Ac cord - 
ingly, C. sed lakii and E. bugaden sis were able to me tab o lize 55 dif fer - 
ent car bon sub strates from which 42 sub strates were as sim i lated by 
both ( Fig. 2 ). Whereas, B. paramy coides was only able to as sim i late 29 
sub strates. The three bac te ria com monly as sim i lated 19 sub strates, 
such as d - Glucose, D - Sorbitol, Methyl Pyru vate, Dex trin, d - Maltose, d - 
Fructose, l - Alanine, l - lactic Acid, d - Gluconic Acid, d - Trehalose, d - 
Cellobiose, Glyc erol, Glu curon amide, l - Glutamic Acid, 
N−Acetyl−D−Glu cosamine, b - Gentiobiose, Acetic Acid, l - Serine, and 
In o sine. All iso lates could n't as sim i late Tween - 40, D - Arabitol, d - Lactic 
Acid, Methyl Es ter, d - Fucose, Quinic Acid, and d - Aspartic Acid. 

Pos i tive re ac tions in BI OLOG Mi croPlates showed se lec tive, growth 
of aer o bic or fac ul ta tively anaer o bic, het erotrophic and co pi otrophic 
bac te ria ( Wiinsche et al., 1995 ). Fur ther more, in the study it was un - 
der stood that the colour re sponse in each well ap pears to be re lated to 
the ac tiv ity of bac te ria to as sim i late the sub strate in each well as a 
sole car bon source. Al though the uti liza tion pat tern was var ied among 
the iso lates, the study showed that each iso late was able to as sim i late 
a wide range of sub strates, in di cat ing their cat e go riza tion as het - 
erotrophic and co pi otrophic bac te ria. De spite the short in cu ba tion 
time of 48  h, E. bugaden sis and C. sed lakii ex hib ited an in ten sive meta - 
bolic ac tiv ity and strong meta bolic cor re la tion com pared to B. 
paramy coides. This kind of cor re la tion in sub strate degra da tion pat tern 
de pends strongly on species or even strain - specific abil i ties ( Freese et 

al., 2009 ) which sup ports the idea of es ti mat ing sub strate uti liza tion 
from the ge netic de ter mi na tion of species. Phe no typic and geno typic 
char ac ter i za tions sug gest that there may be a cor re la tion be tween cer - 
tain phe no typic prop er ties such as growth rate on cer tain sub strates 
be tween such mi crobes ( Oda et al., 2002 ). It should be noted that 
even closely re lated species could have very dif fer ent sub strate uti liza - 
tion pat terns, so that a cor re la tion be tween species oc cur rence and 
sub strate turnover should not be ex pected al ways. 

3. 3 . Carbohydrate utilization profiles of the isolates using API 50CH 

The test re sults re vealed that none of the three strains showed pos - 
i tive re sults in con trol wells lack ing car bon sources. Thus, any pos i tive 
value was at trib uted to the as sim i la tion of the spe cific car bo hy drates 
in the wells of the strips (Table: 2). As it is shown in the table, B. 
paramy coides was only pos i tive for 10 sub strates such as d - Ribose, d - 
Glucose, d - Fructose, N - Acetyl - Glucosamine, Ar bu tine, Es cu line Cit - 
rate, d - Maltose, d - Saccharose, d - Trehalose, and Potas sium - Gluconate. 
In com mon, C. sed lakii and E. bugaden sis were pos i tive for as sim i la tion 
of 24 car bo hy drates (Glyc erol, l - Arabinose, d - Ribose, d - Xylose, d - 
Galactose, d - Glucose, d - Fructose, d - manose, l - Rhamnose, In os i tol, D - 
mannitol, D - Sorbitol, N - Acetyl - Glucosamine, Ar bu tine, Es cu line Cit - 
rate, Salicine, d - Cellobiose, d - Maltose, d - lactose, d - Melibiose, d - 
Trehalose, Genetibiose, l - Fucose and Potas sium 2 - CetoGluconate). 
The car bon - sources that were in ten sively me tab o lized by the three 
strains were d - Ribose, d - Glucose, d - Fructose, N - Acetyl - Glucosamine, 
Ar bu tine, Es cu line Cit rate, d - Maltose, and d - Trehalose. How ever, 
none of the three strains were ca pa ble of as sim i lat ing Ery thri tol, l - 
Xylose, D - Adonitol, Methyl - βD - Xylopyranoside, l - Sorbose, Methyl - αD - 
mannopyranoside, Amyg da line, In u line, d - Melezitose, Ami don, Glyco - 
gene, Xyl i tol, d - turanose, d - Tagatose, d - Fucose, D - Arabitol, L - 
Arabitol, and Potas sium 5 - CetoGluconate. 

Fig. 2 . Heatmap of the car bon uti liza tion pat terns of the three strains for sub strates lo cated on the BI OLOG Gen III Mi croPlates, af ter 48  h of in cu ba tion; ag gre - 
gated curve pa ra me ter (max. height value) . 
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As shown in Table 2 , the three bac te ria were able to grow ef fi - 
ciently on a wide range of car bon sub strates in clud ing five - carbon 
sug ars. Thus, can be cat e go rized as chemo - heterotrophic bac te ria 
( Xuedong and Yuqing, 2015 ). Such groups of bac te ria are meta bol i - 
cally ver sa tile and able to grow on a va ri ety of or ganic sub strates un - 
der var i ous oxy gen con di tions. Dyer et al. (1997) re ported sim i lar car - 
bon sub strates as sim i la tion pat terns of C. sed lakii from clin i cal sam - 
ples ex cept a pos i tive re ac tion for In os i tol and Salicine demon strated 
in the pre sent study. The car bon sub strate uti liza tion pat terns of B. 
paramy coides in this study is com pa ra ble with the study of Liu et al. 
(2017) on novel strain iso lated from ma rine en vi ron ments () with the 
ex cep tion of neg a tive re ac tions recorded in this study for d - Galactose, 
d - Manose, Amygladin, Salicine, d - Cellobiose, and Glyco gen. Fur ther - 
more, com pared to the study of Doijad et al. (2016) on car bon sub - 
strate as sim i la tion pat terns of a novel E. bugaden sis strain iso lated 

Table 2 
Dif fer en tial char ac ter is tics of the three Iso lates us ing API 50CH test strips. 

Composition Isolates 

 B. paramycoides C. sedlakii E. bugadensis 

Control – – – 
Glycerol – + + 
Erythritol – – – 
d - Arabinose – + – 
l - Arabinose – + w 
d - Ribose w + + 
d - Xylose – + + 
l - Xylose – – – 
D - Adonitol – – – 
Methyl - βD - Xylopyranoside – – – 
d - Galactose – + + 
d - Glucose + + w 
d - Fructose + + w 
d - manose – + w 
l - Sorbose – – – 
l - Rhamnose – + + 
Dulcitol – + – 
Inositol – + w 
D - mannitol – + + 
D - Sorbitol – + + 
Methyl - α - d - mannopyranoside – – – 
Methyl - α - d - Glucopyranoside – – + 
N - AcetylGlucosamine + + w 
Amygdaline – – – 
Arbutine w + + 
Esculine Citrate + w + 
Salicine – + + 
d - Cellobiose – + + 
d - Maltose + + + 
d - lactose – + + 
d - Melibiose – + w 
d - Saccharose + – w 
d - Trehalose + + w 
Inuline – – – 
d - Melezitose – – – 
d - Raffinose – – + 
Amidon – – – 
Glycogene – – – 
Xylitol – – – 
Genetibiose – + + 
d - turanose – – – 
d - Lyxose – – w 
d - Tagatose – – – 
d - Fucose – – – 
l - Fucose – + – 
D - Arabitol – – – 
L - Arabitol – – – 
Potassium Gluconate w + – 
Potassium 2 - CetoGluconate – + w 
Potassium 5 - CetoGluconate – – – 

“+” means, Pos i tive, “W” means, weakly pos i tive and “ - ” means, Neg a tive. 

from neona tal blood sam ples, the cur rent study has showed that the 
strain was ure ase pos i tive and neg a tive for the as sim i la tion of d - 
Arabinose and Amyglad ine. 

Sim i lar to the BI OLOG Mi croPlate test ing, the car bon - source uti - 
liza tion pat terns of E. bugaden sis and C. sed lakii ap pears more func - 
tion ally di verse and meta bol i cally re lated as com pared to that of B. 
paramy coides . The re lat ed ness be tween species un cov ered by car bon 
as sim i la tion here is in ac cor dance with re sults ob tained by phy lo ge - 
netic stud ies based on 16  S rRNA genes ( Fig. 1 ). In the same way, the 
vari a tion in as sim i la tion pat tern of B. paramy coides from the rest 
could be due to phy lo ge netic fac tors ( Freese et al., 2009 ), the dif fer - 
ence in the level adap ta tion to nu tri ents and or ganic mat ter com po si - 
tion of sites from which they were iso lated ( Vacca et al., 2005 ). In any 
en vi ron men tal set tings, mi cro bial sur vival is base don the ca pac ity to 
uti lize a va ri ety of avail able car bo hy drates as car bon and en er - 
gysources ( VanFossen et al., 2009 ). 

Many prokary otes can grow in a sim ple min eral salts medium con - 
tain ing glu cose as the sole or ganic com pound ( Kim and Gadd, 2008 ). 
Fer men ta tion of mixed car bo hy drates is achieved se quen tially 
whereby the uti liza tion of glu cose, com monly the pre ferred car bon 
and en ergy source, re presses con sump tion of al ter na tive sug ars ( Kim 
et al., 2009 ). As the strains could as sim i late a wide range of car bon 
sources, these sub strates can be used as po ten tial al ter na tives for fer - 
men ta tive pro duc tion of sev eral metabo lites and bio mass. 

4 . Summary and conclusions 

Car bon is the most im por tant medium com po nent, as it is an en - 
ergy source for the mi croor gan isms and plays an im por tant role in the 
growth as well as in the pro duc tion of pri mary and sec ondary metabo - 
lite ( Singh et al., 2017 ). The choice of car bon source greatly in flu - 
ences sec ondary me tab o lism and there fore en zyme pro duc tion 
( Marwick et al., 1999 ). In en vi ron men tal bac te r ial com mu ni ties, glu - 
cose sup ports con sid er able bac te r ial growth and res pi ra tion ( Rich et 
al., 1996 ).Thus, know ing the meta bolic re quire ments of a bac terium 
can lead to a bet ter un der stand ing of the con di tions un der which it is 
likely to pro lif er ate and gen er ate good bio mass ( Scaria et al., 2014 ). 

From the study, it was un der stood that the three bac te r ial strains 
have dis tinctly dif fer ent sub strate uti liza tion pro files, where strong 
meta bolic sim i lar ity was ob served be tween E. bugaden sis and C. sed - 
lakii . Some sub strates (Glu cose, Mal tose, Fruc tose etc) were used by 
nearly every strain, but the use of other sub strates (Tween - 40, D - 
Arabitol, d - Lactic Acid, Methyl Es ter, d - Fucose, Quinic Acid, and d - 
Aspartic Acid) were me di ated by none of the three strains. Based on 
their as sim i la tion pat terns the strains were clas si fied as chemo - 
heterotrophic and are likely to be meta bol i cally ver sa tile and able to 
grow on a va ri ety of or ganic sub strates un der var i ous oxy gen con di - 
tions. Sub strates on which rapid growth was ob served were con sid - 
ered as the most eas ily uti lized or pre ferred car bo hy drates sources for 
the pro duc tion of metabo lites or other prod ucts from the strains. 
Thus, in ves ti ga tion of the nu tri ents on which mi crobes grow best is 
use ful for the pro duc tion of max i mum yield and iden ti fi ca tion of pos - 
si ble low cost car bon sources for pro duc tion of pri mary and sec ondary 
metabo lites or bio mass from mi croor gan isms. In ad di tion, fur ther 
medium com po nents such as ni tro gen and salts must be iden ti fied and 
op ti mized. The pro duc tions of mi cro bial - based sub stances by fer men - 
ta tion of cheap car bon sources are the most promis ing break through 
of biotech no log i cal in no va tions. Uti liza tion of these low cost car bon 
and high en ergy sources will cer tainly in crease the avail abil ity of af - 
ford able qual ity mi cro bial - based prod ucts and in creases the com pet i - 
tive ness of the prod uct. 
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