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ABSTRACT

Thermophilic bacilli such as Anoxybacillus and Geo-
bacillus are important contaminants in dairy powder 
products. Remarkably, one of the common contami-
nants, Geobacillus thermoglucosidans, showed poor 
growth in skim milk, whereas significant growth of G. 
thermoglucosidans was observed in the presence of an 
Anoxybacillus flavithermus dairy isolate. In the present 
study, we investigated the underlying reason for this 
growth dependence of G. thermoglucosidans. Whole-
genome sequences of 4 A. flavithermus strains and 4 G. 
thermoglucosidans strains were acquired, with special 
attention given to carbohydrate utilization clusters 
and proteolytic enzymes. Focusing on traits relevant 
for dairy environments, comparative genomic analysis 
revealed that all G. thermoglucosidans strains lacked 
the genes necessary for lactose transport and metabo-
lism, showed poor growth in skim milk, and produced 
white colonies on X-gal plates, indicating the lack of 
β-galactosidase activity. The A. flavithermus isolates 
scored positive in these tests, consistent with the pres-
ence of a putative lactose utilization gene cluster. All 
tested isolates from both species showed proteolytic ac-
tivity on milk plate count agar plates. Adding glucose 
or galactose to liquid skim milk supported growth of G. 
thermoglucosidans isolates, in line with the presence of 
the respective monosaccharide utilization gene clusters 
in the genomes. Analysis by HPLC of A. flavithermus 
TNO-09.006 culture filtrate indicated that the previ-
ously described growth dependence of G. thermogluco-
sidans in skim milk was based on the supply of glucose 
and galactose by A. flavithermus TNO-09.006.
Key words: thermoresistant spore, thermophile, 
symbiosis
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Heat-resistant spores from thermophilic bacilli are 
a major concern in dairy powder processing facilities, 
posing a risk for product contamination. This group of 
bacteria is able to grow in areas of skim milk manu-
facturing plants, such as heat exchangers and evapora-
tion sections, where elevated temperatures, typically 
between 40°C to 65°C, are applied (Seale et al., 2015). 
Although these bacilli are not pathogenic, their pres-
ence as spores in end products may lead to quality 
issues in the respective reconstituted products when 
conditions are favorable for germination and outgrowth 
(Setlow and Johnson, 2013; Watterson et al., 2014; 
Wells-Bennik et al., 2016). Obviously, such quality is-
sues could also lead to severe economic losses.

Spore-forming bacteria survive through their innate 
ability to resist adverse conditions in dairy manufactur-
ing processes, including heat, mechanical disruption, 
and a wide variety of chemicals (Burgess et al., 2010). 
Moreover, both spores and vegetative cells can attach 
to stainless steel and fouled surfaces in dairy process-
ing lines. Once attached to the surface, the spores may 
germinate, grow out, and form biofilms. Spores from 
thermophilic bacilli detected in end products might 
originate from biofilms formed in dairy processing lines 
(Seale et al., 2015). Thermophilic bacteria generally 
have a high growth rate with generation times typically 
in the range of 15 to 20 min under optimal conditions. 
Thus, high cell counts can be reached in a short period. 
Additionally, the resistance of the endospores to heat 
and chemicals makes it difficult to fully eliminate ther-
mophilic bacteria from dairy processing environments 
(Burgess et al., 2010; Wells-Bennik et al., 2016). Under-
standing the proliferation and survival of spore-forming 
bacteria within dairy processing environments and 
dairy products is therefore a prerequisite to develop 
effective methods to control and reduce contamination.

Thermophilic bacteria predominantly isolated from 
the dairy processing industry are of the species An-
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oxybacillus flavithermus and the genus Geobacillus spp., 
formerly classified as Bacillus (Burgess et al., 2010; 
Zhao et al., 2013; Sadiq et al., 2016). Anoxybacillus 
flavithermus typically dominate the preheating sec-
tion of the skim milk powder process, whereas a mix 
of A. flavithermus and Geobacillus spp. is found in the 
evaporation and drying stages of the process. Geobacil-
lus spp. are predominantly isolated from fouling sites 
(Zhao et al., 2013).

To proliferate in skim milk, bacteria must utilize 
carbon and nitrogen sources in skim milk. Raw milk is 
a nutrient-rich source supporting bacterial growth. It 
contains approximately 3.4% protein, 3.7% fat, 4.6% 
lactose, and 0.7% ash by weight (Jensen, 1995). How-
ever, G. thermoglucosidans strains TNO-09.020 and 
TNO-09.023, previously isolated from a fouling site in 
the dairy processing pipeline, showed poor growth on 
skim milk plates and in liquid skim milk. This growth 
deficiency and their biofilm-forming capacity in skim 
milk were restored when A. flavithermus, a proteolytic 
thermophilic sporeformer from the microbiota of the 
same dairy concentrate processing plant, was added as 
a secondary species (Zhao et al., 2013). To understand 
the mechanism of growth dependence of G. thermoglu-
cosidans on the presence of A. flavithermus as second-
ary species in skim milk, we performed a comparative 
genomic analysis on isolates of both species. In addi-
tion to the 5 dairy isolates (Anoxybacillus flavithermus 
TNO-09.006, TNO-09.014, TNO-09.016; Geobacillus 
thermoglucosidans TNO-09.020, TNO-09.023), 1 A. fla-
vithermus and 2 G. thermoglucosidans hot spring isolates 
(Anoxybacillus flavithermus WK1, Geobacillus thermo-
glucosidans C56-YS93, Geobacillus thermoglucosidans 
Y4-1MC1) available in public genome databases were 
included in the current study (Table 1). Particularly, 
the presence and absence of genes involved in meta-
bolic pathways including nitrogen (proteolytic system) 
and carbohydrate metabolism, required for growth in 
skim milk, were taken into consideration. Genes present 
in only 1 of the 2 species were enumerated and their 
annotated function was inspected for possible roles in 
growth in skim milk. Moreover, growth experiments in 
skim milk without and with added supplements that 
could conceivably support the outgrowth of G. thermo-
glucosidans were conducted. Finally, the cell-free cul-
ture filtrate of A. flavithermus was analyzed to identify 
compounds produced by this organism that could sup-
port the growth of G. thermoglucosidans in skim milk.

The genomes of the 8 thermophilic bacilli of the spe-
cies G. thermoglucosidans and A. flavithermus (Table 
1) were compared with each other and to the refer-
ence nonthermophilic strain Bacillus subtilis 168. For 
the newly sequenced genomes from this study (Zhao 
et al., 2012; Caspers et al., 2013, 2016), after assem- T

ab
le

 1
. 
P

re
se

nc
e 

(1
) 

or
 a

bs
en

ce
 (

0)
 o

f 
ge

ne
s 

fo
r 

la
ct

os
e 

m
et

ab
ol

is
m

 i
n 

se
le

ct
ed

 A
no

xy
ba

ci
llu

s 
fla

vi
th

er
m

us
 a

nd
 G

eo
ba

ci
llu

s 
th

er
m

og
lu

co
si

da
ns

 s
tr

ai
ns

St
ra

in
 

N
C

B
I 

ac
ce

ss
io

n 
 

nu
m

be
r 

an
d 

 
re

fe
re

nc
e1

 
O

ri
gi

n

G
en

e

L
ac

to
se

 A
B

C
 t

ra
ns

po
rt

er
, 

pe
rm

ea
se

 p
ro

te
in

L
ac

to
se

 A
B

C
 t

ra
ns

po
rt

er
, 

la
ct

os
e-

bi
nd

in
g 

pr
ot

ei
n

β-
G

al
ac

to
si

da
se

 
(E

C
 3

.2
.1

.2
3)

A
. 
fla

vi
th

er
m

us
 T

N
O

-0
9.

00
6

A
M

C
M

00
00

00
00

St
an

da
rd

 m
ilk

 u
se

d 
fo

r 
da

ir
y 

pr
oc

es
si

ng
 p

la
nt

, 
th

e 
N

et
he

rl
an

ds
1

1
1

A
. 
fla

vi
th

er
m

us
 T

N
O

-0
9.

01
4

L
U

F
B

00
00

00
00

St
an

da
rd

 m
ilk

 u
se

d 
fo

r 
da

ir
y 

pr
oc

es
si

ng
 p

la
nt

, 
th

e 
N

et
he

rl
an

ds
1

1
1

A
. 
fla

vi
th

er
m

us
 T

N
O

-0
9.

01
6

L
U

C
Q

00
00

00
00

St
an

da
rd

 m
ilk

 u
se

d 
fo

r 
da

ir
y 

pr
oc

es
si

ng
 p

la
nt

, 
th

e 
N

et
he

rl
an

ds
1

1
1

A
. 
fla

vi
th

er
m

us
 W

K
1

G
C

A
_0

00
01

90
45

.1
H

ot
 s

pr
in

g,
 N

ew
 Z

ea
la

nd
0

0
0

G
. 
th

er
m

og
lu

co
si

da
ns

 T
N

O
-0

9.
02

0
N

Z
_C

M
00

14
83

C
as

ei
n 

pi
pe

 f
ou

lin
g 

in
 t

he
 d

ai
ry

 
pr

oc
es

si
ng

 p
la

nt
, 
th

e 
N

et
he

rl
an

ds
0

0
0

G
. 
th

er
m

og
lu

co
si

da
ns

 T
N

O
-0

9.
02

3
L
U

C
T

00
00

00
00

C
as

ei
n 

pi
pe

 f
ou

lin
g 

in
 t

he
 d

ai
ry

 
pr

oc
es

si
ng

 p
la

nt
, 
th

e 
N

et
he

rl
an

ds
0

0
0

G
. 
th

er
m

og
lu

co
si

da
ns

 C
56

_Y
S9

3
N

C
_0

15
66

0.
1

O
bs

id
ia

n 
ho

t 
sp

ri
ng

, 
Y

el
lo

w
st

on
e 

N
at

io
na

l 
P
ar

k,
 U

ni
te

d 
St

at
es

0
0

0

G
. 
th

er
m

og
lu

co
si

da
ns

 Y
4_

1M
C

1
N

C
_0

14
65

0.
1

B
at

h 
ho

t 
sp

ri
ng

, 
Y

el
lo

w
st

on
e 

N
at

io
na

l 
P
ar

k,
 U

ni
te

d 
St

at
es

0
0

0

1 N
at

io
na

l 
C

en
te

r 
fo

r 
B

io
te

ch
no

lo
gy

 I
nf

or
m

at
io

n 
(h

tt
ps

:/
/w

w
w
.n

cb
i.n

lm
.n

ih
.g

ov
/)

.

https://www.ncbi.nlm.nih.gov/


Download English Version:

https://daneshyari.com/en/article/8501529

Download Persian Version:

https://daneshyari.com/article/8501529

Daneshyari.com

https://daneshyari.com/en/article/8501529
https://daneshyari.com/article/8501529
https://daneshyari.com

