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Aureobasidium pullulans
Tremella

Cyttaria Cryphonectria
A. pullulans

A. pullulans A. pullulans
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metilesterazės acetilesterazės

depolimerazės

syn



p

hidrolazės

liazės

Bacillus Erwinia
Pseudomonas Streptomyces

Aspergillus Glomerella 

Erwinia chrysanthemi 



Aspergillus , Chondrostereum
Claviceps Colletotrichum  Fusarium Kluyveromyces 
Neosartorya Penicillium Trichoderma 

Erwinia 
carotovora Bacillus polymyxa

Amycolata
, Azospirilium , Bacillus Cytophaga ,

Clostridium  Erwinia  Yersinia , Klebsiella 
, Pseudomonas  Streptomyces  Treponema 

Xanthomonas 

Erwinia chrysanthemi 
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in vitro 

Klebsiella pneumoniae Yersinia pseudotuberculosis 
Yersinia enterocolitica

Erwinia chrysanthemi Erwinia 
carotovora

E. chrysanthemi
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E. coli

Escherichia oli 
end hsd gln thi rec gyr rel deo



nup lacZYA-argF lacZ

Escherichia coli 
omp hsd gal dcm lon lac lac

gene ind sam nin E. coli 

E. oli 

Escherichia coli 

E. coli

Pichia pastoris Kluyveromyces 
lactis 

P. pastoris
his pep prb K. lactis ade

ade his ura



P. pastoris

K. lactis

3 lentelė.

Pradmens
pavadinimas

Seka, 5'-3' Lydymosi 
temperatūra,
Tm°C

Restrikcijos 
endonuklea-
zės seka

ATGCTTCATATTAACCGAACGTTTGTCG 

TCATCCCGCATTTTCATCGGCATTC 

CATATGGCTAGCATGCTTCATATTAACC
G 

Nhe

AGTGCGGCCGCTCATCCCGCATTTTCAT
C 

Not

GAGACGATGGTATACGAATATATTCTAG
G 

CTAATGAAGATTTCCCGCACCCG 

CATATGGCTAGCATGAGACGATGGTATA
CG 

Nhe

CGCAAGCTTCTAATGAAGATTTCCCGC Hind
CATATGGCTAGCATGAAGGAATTAGGGC Nhe
GGATGGGTTGGAAAAAATGGATG 

GGTTATTGCCCTTTCGTCACC 

TGGATCCTTATTGCCCTTTCGTCACCGT Bam
GGTTATTGCCCTTTCGTCACC Sal
CATATGGCTAGCATGAAGGAAAAAATTA
AAATGG 

Nhe

CGCAAGCTTTCACTTATCAGGATAGAA Hind
CATATGGCTAGCATGGCGTCCTATGTTA
CC 

Nhe

CATATGGCTAGCATGGTTTGTGTGTGCA
ATGG 

Nhe

CGCAAGCTTTTATGCGTTGTTTCTGACG Hind
ATATGGCTAGCATGGCCGGTCATCATG Nhe
CGCAAGCTTTCACCCTTCTTTGACTTC Hind
CATATGGCTAGCATGAATCTATGGAGAA
GG 

Nhe

CGCAAGCTTTTAACGTTGAATGTATCGT
CTAGC 

Hind



CATATGGCTAGCATGAAAGCGGATGA
TAGCG 

Nhe

TAATACGACTCACTATAGGG 

CTAGTTATTGCTCAGCGG 

CCAAAAGACTTTAAATTTAATTTATT
TGTCCCTATTTCAATCAATTGAACAA
CTATCAAAACACAGAATTCCGAAACG
ATGAGATTCCCATCTATCTTC 

CCAAAGACTTTAAATTTAATTTATTT
GTCCCTATTTCAATCAATTGAACAAC
TATCAAAACACAGAATTCCGAAACGA
TGAAGGAATTGGGTCACGAAGTC 

TTACAAATAAAAAAGTATCAAAAATG
AAGCCTGC 

GCAATAATAGCGGGCGGACG 

GATGAGATTCCCATCTATTTTCACC 

TTCATCTGCTGCGAGATAGG 

CCAAAGACTTTAAATTTAATTTATTT
GT 

' CTTCCATTGCTGCTAAGG 

' ATGAGATTCCCATCTATCTTCAC 

' GAAGCCTGCATCTCTCA 

' CACCTATTACATGGGCCAAG 
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in vitro

in vitro

in vitro

Geobacillus



G thermoleovorans

G thermoleovorans
G thermoleovorans

G thermodenitrificans Geobacillus

Geobacillus

in silico
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Geobacillus thermoleovorans

in silico

in silico



E coli

E coli

Bacillus Geobacillus
Geobacillus thermoleovorans

7 pav. 

Escherichia 
coli

E. coli

 



E coli

7 lentelė. 

Gryninimo etapas
Suminis 
aktyvumas, 
U*

Suminė 
baltymų 
masė, mg

Savitasis 
aktyvumas,
U/mg

Išeiga,
%

Gryninimo 
efektyvumas

Escherichia coli 

2.17. dalyje

8 pav. 



9 pav. 

Geobacillus
Geobacillus

Geobacillus stearothermophilus

G. thermoleovorans

Bacillus acidopullulyticus 



Geobacillus

Geobacillus

Geobacillus G thermoleovorans

Geobacillus 
Geobacillus G stearothermophilus

in silico

in vitro
G thermoleovorans



Geobacillus 10 pav. 
 

 

11 pav.



Geobacillus

G stearothermophilus
Bacillus flavocaldarius

Bacillus acidopullulyticus

Anaerobranca gottschalkii

G stearothermophilus



8 lentelė. 

Metalo druska Koncentracija Santykinis aktyvumas, %

Kontrolė
LiCl

NaCl

MgCl2

KCl

CaCl2

MnCl2

FeCl3

CoCl2

NiCl2

CuCl2

ZnCl2

SnCl2

BaCl2

A. gottschalkii Thermus 
caldophilus

in vitro
B flavocaldarius

G stearothermophilus
G thermoleovorans

in vitro



G thermoleovorans
G stearothermophilus
G stearothermophilus

T caldophilus

G thermoleovorans Thermotoga neapolitana

A gottschalkii Fervidobacterium pennavorans

9 lentelė.
Reagentas Koncentracija Santykinis aktyvumas, %
Kontrolė
Ditiotreitolis
Tris(2-karboksietil)
fosfinas
β-merkaptoetanolis

Karbamidas

Guanidino HCl

NDS

DMSO

Metanolis

Etanolis

Etilenglikolis

Glicerolis

Triton X-100

Triton X-305



Tween 20

Tween 40

Tween 60

Tween 80

Brij 35
Brij 58

F. pennavorans T. neapolitana

G thermoleovorans



A gottschalkii F pennavorans

G thermoleovorans

10 lentelė.

Substratas

Santykinis aktyvumas, %

10 min 960 min
10 min

1 mM
CaCl2

960 min

1 mM
CaCl2

10 min

10 mM
CaCl2

960 min

10 mM
CaCl2

AmyA1 su 
histidino 
giminingu
mo inkaru

AmyA1 be 
histidino 
giminingu
mo inkaro



12 pav. 

 



in silico

A gottschalkii 
B acidopullulyticus

in silico



in vitro 
G thermoleovorans

Geobacillus



Klebsiella pneumoniae

B acidopullulyticus

G thermodenitrificans

Bacillus



Geobacillus
Bacillus

Jeotgalibacillus soli

Bacillus
Bacillus subtilis subtilis 

G thermodenitrificans

13 pav
Bacillus subtilis subtilis



in silico

In silico

in silico 

E. coli

E coli

14 pav. 

Escherichia coli

E. coli

E. coli

Pichia pastoris



Thermotoga maritima

E coli Bacillus Bacillus
E coli 

E coli
Bacillus

Bacillus subtilis

Pichia pastoris Kluyveromyces lactis

P pastoris K lactis

15 pav. 

Pichia 
pastoris

Saccharomyces
cerevisiae 

P. pastoris

S. cerevisiae 
Kluyveromyces lactis 

S. cerevisiae 
K. lactis K. lactis

K. lactis 



P pastoris 
K. lactis

P pastoris 
S. cerevisiae 

S. cerevisiae 
P pastoris 

G. thermodenitrificans K lactis
11 lentelė. 

Raiškos kamienas Integracinio konstrukto 
sandara

Sekrecinės 
produkcijos
išeiga*, 
U/mL

Santykinė 
sekrecinės 
produkcijos 
išeiga, %

Geobacillus
thermodenitrificans

Pichia pastoris

Saccharomyces 
cerevisiae 

Kluyveromyces lactis

S. cerevisiae

S. cerevisiae 

Kluyveromyces lactis

G thermodenitrificans 



S. cerevisiae 

Bacillus subtilis B. subtilis
subtilis Pichia pastoris

E coli Bacillus

B. subtilis
Bacillus

E coli
E coli

E coli

E coli

P pastoris



12 lentelė. Escherichia coli

Gryninimo etapas
Suminis 
aktyvumas, 
U*

Suminė 
baltymų 
masė, mg

Savitasis 
aktyvumas, 
U/mg

Išeiga, 
%

Gryninimo 
efektyvumas

Escherichia coli 

P pastoris 
S. cerevisiae 

P pastoris 
P pastoris 

P pastoris 

P pastoris,

Bacillus subtilis Phytophtora 
capsici

E coli



13 lentelė. Pichia pastoris

Gryninimo etapas
Suminis 
aktyvumas, 
U*

Suminė 
baltymų 
masė, mg

Savitasis 
aktyvumas, 
U/mg

Išeiga,
%

Gryninimo 
efektyvumas

Pichia pastoris 

P pastoris 
E coli

P pastoris 
E coli

Bacillus
P pastoris E coli Bacillus

16 pav. 



P pastoris

Bacillus 

Bacillus 

Bacillus subtilis
Bacillus tequilensis

Bacillus 

17 pav. 



subtilis B. tequilensis

Bacillus

in 
vitro G thermodenitrificans 

in vitro 

E coli

P pastoris

Bacillus
Bacillus

Bacillus

Bacillus 

Thermotoga 
maritima 



Bacillus

Bacillus subtilis

Streptomyces Clostridium
Bacillus Geobacillus Bacillus

18 pav. 

19 pav. 



Bacillus
Bacillus

Bacillus



B tequilensis

Paenibacillus

14 lentelė. 

Metalo druska Koncentracija Santykinis aktyvumas, %

Kontrolė
LiCl
NaCl

MgCl2

KCl

CaCl2

MnCl2

FeCl3

CoCl2

NiCl2

CuCl2

ZnCl2

SnCl2

BaCl2



15 lentelė. 

Reagentas Koncentracija Santykinis aktyvumas, %
Kontrolė
Ditiotreitolis
Tris(2-karboksietil)fosfinas
β-merkaptoetanolis
Karbamidas

Guanidino HCl
NDS

DMSO

Metanolis

Etanolis

Etilenglikolis

Glicerolis

Triton X-100

Triton X-305

Tween 20

Tween 40

Tween 60

Tween 80

Brij 35
Brij 58



B tequilensis
B subtilis

subtilis

B subtilis subtilis

Paenibacillus



16 lentelė. 

Santykinis aktyvumas, %

PGA pektinas

obuolių 
išspaudų 
pektino 
preparatas

240 
min.

960 
min.

240 
min.

960 
min.

240 
min.

960 
min.

PL47 
ekspresuota 
Escherichia 
coli
BL21(DE3)

PL47 su 
histidino 
giminingumo
inkaru

PL47 be 
histidino 
giminingumo 
inkaro

PL47 
sekretuota 
Pichia 
pastoris
SMD1163

P pastoris

P pastoris



in silico

20 pav. 



Bacillus

P pastoris
P pastoris



P pastoris

E coli P pastoris

Bacillus subtilis

in silico

in vitro

Geobacillus





Bacillus subtilis

Bacillus megaterium

Geobacillus

Geobacillus

Geobacillus

Geobacillus thermodenitrificans

Geobacillus

Geobacillus



Geobacillus thermodenitrificans

G. thermodenitrificans

in silico
G. thermodenitrificans

G. thermodenitrificans
 Geobacillus

in silico
Geobacillus

Bacillus
G. thermodenitrificans

Geobacillus

G. thermodenitrificans

G. thermodenitrificans

Geobacillus

G. thermodenitrificans

Geobacillus
Geobacillus thermodenitrificans
Geobacillus thermodenitrificans Geobacillus thermodenitrificans

G. thermodenitrificans 

G. thermodenitrificans

17 lentelė. Geobacillus thermodenitrificans



G. thermodenitrificans G. thermodenitrificans
G. thermodenitrificans

G. thermodenitrificans
G. thermodenitrificans

Geobacillus

G. thermodenitrificans G. thermodenitrificans
G. thermodenitrificans

G. thermodenitrificans

Geobacillus
Geobacillus Bacillus

G. thermodenitrificans G. thermodenitrificans
G. thermodenitrificans

G. thermodenitrificans

21 pav. Geobacillus thermodenitrificans

Geobacillus thermodenitrificans

Geobacillus 
thermodenitrificans

22 pav. Geobacillus thermodenitrificans

Geobacillus 
thermodenitrificans

Geobacillus thermodenitrificans



Geobacillus G. thermodenitrificans

G. thermodenitrificans
in 

silico
G. thermodenitrificans

G. thermodenitrificans
G. thermodenitrificans Geobacillus

Geobacillus

23 pav. Geobacillus 
thermodenitrificans Geobacillus thermodenitrificans

Geobacillus thermodenitrificans
in silico

G. thermodenitrificans
G. thermodenitrificans

G. thermodenitrificans



Geobacillus
G. thermodenitrificans

G. thermodenitrificans
Geobacillus
G. thermodenitrificans

 in silico 
G. thermodenitrificans

G. thermodenitrificans Geobacillus

Geobacillus

G. thermodenitrificans
G. thermodenitrificans G. thermodenitrificans

ɑ G. thermodenitrificans

G. thermodenitrificans

G. thermodenitrificans

ɑ

G. thermodenitrificans G. thermodenitrificans 

G. thermodenitrificans

Geobacillus





Bacillus 

Geobacillus
Bacillus

G. thermodenitrificans
G. thermodenitrificans

G. thermodenitrificans

G. thermodenitrificans

G. thermodenitrificans

G. thermodenitrificans

G. thermodenitrificans

G. thermodenitrificans

G. thermodenitrificans
Geobacillus

G. thermodenitrificans in silico

Geobacillus thermoleovorans
G. thermodenitrificans

Geobacillus
Geobacillus



Geobacillus
Bacillus

Geobacillus
Bacillus Geobacillus

Geobacillus
G. thermodenitrificans

in silico

G. thermodenitrificans

G. thermodenitrificans

Geobacillus

18 lentelė. Geobacillus thermodenitrificans

Genomo regionas Regiono ilgis, bp Nuspėti ASR



Bacillus
G. thermodenitrificans

Bacillus
Geobacillus

in silico
Geobacillus

Geobacillus
in silico

Geobacillus

Geobacillus

G. thermodenitrificans

G. thermodenitrificans

Geobacillus 
thermodenitrificans

G. thermodenitrificans
in silico

G. thermodenitrificans

ρ 

G thermodenitrificans
G thermodenitrificans



G. thermodenitrificans

G. thermodenitrificans
Geobacillus

G thermoleovorans

Geobacillus

G. thermodenitrificans

G. thermodenitrificans

in silico 

Streptococcus in silico Bacillus

25 pav. AmyA1(PA-3) Geobacillus
thermodenitrificans

in silico YcfN
GEPA_2787 UP0097 

malA malA
YyjP

in silico YcfN
GEPA_2787 UP0097 malA malA YyjP G thermodenitrificans



G. thermodenitrificans

in silico

Geobacillus

Geobacillus

G. thermodenitrificans
Geobacillus

Bacillus

Geobacillus thermocatenulatus

G. thermodenitrificans G. thermocatenulatus ‒
Geobacillus

Bacillus Bacillus

G. thermodenitrificans
in silico YteRPL47

ρ 
YteRPL47 

Bacillus



Geobacillus
G. thermodenitrificans

G. thermocatenulatus

G. thermodenitrificans
G. thermocatenulatus

G. thermodenitrificans
Bacillus

Bacillus

Bacillus

YteRPL47 G. thermodenitrificans

in silico

26 pav. YteRPL47 in silico Geobacillus thermodenitrificans
Bacillus YteR

G thermodenitrificans
Bacillus PL47

G thermodenitrificans
Bacillus



G. thermodenitrificans

Bacillus

G. thermodenitrificans YteRPL47
Bacillus PL47YteR

Bacillus novalis

G. thermodenitrificans YteRPL47 

27 pav. Geobacillus Bacillus



Bacillus YteRPL47 PL47YteR 
 G. thermodenitrificans
YteRPL47

Bacillus
YteRPL47 PL47YteR 

Geobacillus Bacillus

G. thermodenitrificans

YteRPL47 YteRPL47



in situ

in silico

‒
Geobacillus

Bacillus



Geobacillus

Geobacillus

in vitro
in vitro

in vitro

 E coli

P. pastoris K. lactis E. coli



Geobacillus
ɑ

in vitro

Geobacillus Bacillus

Geobacillus Bacillus

in vitro

Geobacillus
ɑ



Bacillus
in vitro

Bacillus

Bacillus

Bacillus

Bacillus

in vitro

in vitro



Geobacillus

Geobacillus 
thermodenitrificans G. thermodenitrificans

Geobacillus 
G. thermodenitrificans

G. thermodenitrificans
G. thermodenitrificans

G. thermodenitrificans

G. thermodenitrificans

G. thermodenitrificans



G. thermodenitrificans

G. thermodenitrificans

G. thermodenitrificans
in silico

Geobacillus
G. thermodenitrificans

Geobacillus

Bacillus G. thermodenitrificans

Bacillus
YteRPL47 Bacillus

YteRPL47 Geobacillus G. 
thermodenitrificans
YteRPL47 

G. thermodenitrificans

G. thermodenitrificans

G. thermodenitrificans

G. thermodenitrificans

in silico

G. thermodenitrificans



G. thermodenitrificans



Geobacillus 

G. thermodenitrificans

G. thermodenitrificans

YteRPL47





Geobacillus 

Geobacillus

Geobacillus

Anoplophora glabripennis



Cryphonectria parasitica

Aureobasidium pullulans

Bacillus stearothermophilus

Bacillus 



Klebsiella

Escherichia coli Klebsiella aerogenes

Thermoanaerobacterium 
thermosaccharoliticum

Thermo-
anaerobacterium thermosulfuri Clostridium thermosulfurigenes

in Lactococcus lactis

Thermoactinomyces vulgaris 

Thermoactinomyces 
vulgaris

Aspergillus niger

Kluyveromyces 
wickerhamii

Acetobacter xylinus



Pisum sativum Nectria hematococca

Erwinia chrysanthemi

Erwinia chrysanthemi

Erwinia chrysanthemi 

Escherichia coli

Aspergillus nidulans Escherichia coli

Colletotrichum gloeosporioides 

Fusarium moniliformae
Fusarium solani

pisi



Kluyveromyces 
wickerhamii

Penicillium italicum

Penicillium griseoroseum

Trichoderma reesei 

Amycolata

Azospirillum irakense

 Bacillus alcalophillus

Bacillus licheniformis

Bacillus pumilus

Bacillus subtilis

Clostridium cellulovorans

Clostridium multifermentans

Clostridium stercorarium

Erwinia chrysanthemi
trans

Erwinia rubrifaciens

Erwinia, Yersinia Klebsiella



 trans Klebsiella oxytoca

Pseudomonas cellulosa

Pseudomonas fluorescens Erwinia carotovora

Pseudomonas syringae pv. glycinea

Pseudomonas viridiflava

Streptomyces fradiae 

Treponema pectinovorum

trans
Xanthomonas campestris

Bacillus

Bacillus

Bacillus

Bacillus

Bacillus

Bacillus 

Boehmeria nivea Crotalaria 
juncea

Bacillus



Bacillus pumilus
Bacillus subtilis

Bacillus subtilis E. coli

Bacillus

Bacillus stearothermophilus
Clostridium 

thermocellum

Clostridium thermohydrosulfuricum

Clostridium thermosulfurogenes

Streptomyces thermocarboxydus
Streptomyces 

thermovulgaris

Thermoanaerobacter italicus

Thermomonospora fusca

Thermotoga maritima

Thermotoga maritima

Erwinia 
carotovora



Erwinia 
chrysanthemi

Bacillus

Bacillus

Geobacillus 
subterraneus Geobacillus uzenensis

Bacillus stearothermophilus Bacillus 
thermocatenulatus Bacillus thermoleovorans Bacillus kaustophilus Bacillus 
thermoglucosidasius Bacillus thermodenitrificans Geobacillus

G. stearothermophilus G. thermocatenulatus G. thermoleovorans
G. kaustophilus G. thermoglucosidasius G. thermodenitrificans



spo0A Geobacillus

Geobacillus

Geobacillus thermodenitrificans

Geobacillusstearothermophilus

recN 
Geobacillus

Bacillus stearothermophilus

Geobacillus 
stearothermophilus

Geobacillus thermodenitrificans

Bacillus stearothermophilus

Geobacillus stearothermophilus 



Geobacillus stearothermophilus 

Geobacillus thermoleovorans

In

Bacillus stearothermophilus

Geobacillus

Geobacillus stearothermophilus

Bacillus

Bacillus

Bacillus

Bacillus

Bacillus

Bacillus

Bacillus



Geobacillus stearothermophilus
In

In

Pichia pastoris

Aspergillus terreus

In

Bacillus



Thermus

In

Geobacillus

Bacillus thermoleovorans
E. coli

Pseudomonas luteola

Paecilomyces variotii 



Anaerobranca gottschalkii

Geobacillus thermoleovorans

In 
silico

Thermotoga neapolitana

Thermus thermophilus
Escherichia coli

Geobacillus

Bacillus stearothermophilus
Bacillus subtilis

Bacillus acidopullulyticus

Bacillus flavocaldarius

Thermus caldophilus

Thermotoga maritima

Bacillus Micrococcus 

Pyrococcus 
furiosus Thermococcus litoralis



Thermotoga maritima

Caldicellulosiruptor saccharolyticus

In

Klebsiella pneumoniae 

Bacillus acidopullulyticus

Jeotgalibacillus soli

Bacillus subtilis



Phytophthora capsici

Bacillus pumilus

Paenibacillus
Escherichia coli

Bacillus licheniformis

E. coli

Bacillus subtilis Escherichia coli

Bacillus subtilis

Bacillus subtilis Pichia pastoris

Bacillus 
subtilis Pichia pastoris

In

Bacillus
subtilis

Geobacillus thermodenitrificans

Deinococcus geothermalis

Paenibacillus amylolyticus

Xanthomonas Streptomyces
Escherichia coli



Clostridium cellulovorans

Bacillus subtilis

Clostridium thermocellum

Macrophomina phaseolina

Geobacillus

Geobacillus thermodenitrificans

Geobacillus 
stearothermophilus

Geobacillus
In

Geobacillus
thermocatenulatus

Geobacillus

Geobacillus thermoglucosidasius



Bacillus

Bacillus subtilis

Geobacillus 
kaustophilus

Escherichia coli

Streptococcus 
pneumoniae

Lactococcus lactis In

Bacillus 
deramificans Brevibacillus choshinensis

Bacillus

Paenibacillus
Bacillus

Erwinia 
chrysanthemi

Colletotrichum lindemuthianum





in vitro

in vitro

G thermodenitrificans

in silico

Escherichia 
coli

in vitro



in silico
G thermodenitrificans

G thermodenitrificans

G thermodenitrificans

In silico
G thermodenitrificans

G thermodenitrificans
in silico

G thermodenitrificans

in vitro 

G thermodenitrificans

In silico



g

g



Pichia pastoris
Kluyveromyces lactis



Escherichia coli

E coli
P pastoris K lactis

E coli

g

g



P pastoris
g



Aureobasidium pullulans

Betula pendula

Trametes versicolor

Geobacillus

Geobacillus



Geobacillus
Geobacillus

Geobacillus

Geobacillus

Geobacillus thermodenitrificans



in vitro

% 
% 



Fig. 1. Fig. 2.

in silico

G thermoleovorans 

G kaustophilus



T
ab

le
 1

.

E
nr

ic
hm

en
t

cu
ltu

re
*

Z
on

es
 o

f a
m

yl
ol

yt
ic

**
 

(a
m

y)
 o

r 
pe

ct
in

ol
yt

ic
**

* 
(p

ek
) a

ct
iv

ity
 d

et
ec

te
d 

by
 

zy
m

og
ra

ph
y

N
um

be
r 

of
 

pr
ot

ei
ns

 
id

en
tif

ie
d 

w
ith

 
m

as
s-

sp
ec

tr
om

et
ry

**
**

Pr
ot

ei
n 

de
m

on
st

ra
tin

g 
en

zy
m

at
ic

 
ac

tiv
ity

 in
 z

ym
og

ra
m

 (a
bb

re
vi

at
io

n 
of

 
ta

rg
et

 p
ro

te
in

)

M
ol

ec
ul

ar
 m

as
s

of
 p

ro
te

in
 

de
m

on
st

ra
tin

g 
en

zy
m

at
ic

 
ac

tiv
ity

, M
r

N
um

be
r 

of
 

id
en

tif
ie

d 
ol

ig
op

ep
tid

es
/

C
ov

er
, %

/
Sc

or
e

G
eo

ba
ci

llu
s

Ba
ci

llu
s

Ba
ci

llu
s

G
eo

ba
ci

llu
s



Ba
ci

llu
s

Ba
ci

llu
s

G
eo

ba
ci

llu
s k

au
sto

ph
ilu

s 



Bacillus

Geobacillus

Geobacillus 

Geobacillus

Bacillus thermoamylovorans 

in silico

Geobacillus
Geobacillus

thermodenitrificans

Geobacillus



T
ab

le
 2

.

So
il 

sa
m

pl
e

Z
on

es
 o

f a
m

yl
ol

yt
ic

**
 

(a
m

y)
 o

r 
pe

ct
in

ol
yt

ic
**

* 
(p

ek
) a

ct
iv

ity
 d

et
ec

te
d 

by
 

zy
m

og
ra

ph
y

N
um

be
r 

of
 

pr
ot

ei
ns

 id
en

tif
ie

d 
w

ith
 m

as
s-

sp
ec

tr
om

et
ry

**
**

Pr
ot

ei
n 

de
m

on
st

ra
tin

g 
en

zy
m

at
ic

 a
ct

iv
ity

 in
 

zy
m

og
ra

m
 (a

bb
re

vi
at

io
n 

of
 ta

rg
et

 p
ro

te
in

)
M

ol
ec

ul
ar

 m
as

s 
of

 p
ro

te
in

 
de

m
on

st
ra

tin
g 

en
zy

m
at

ic
 

ac
tiv

ity
, M

r

N
um

be
r 

of
 

id
en

tif
ie

d 
ol

ig
op

ep
tid

es
/

C
ov

er
, %

/
Sc

or
e

G
eo

ba
ci

llu
s

G
eo

ba
ci

llu
s

th
er

m
od

en
itr

ifi
ca

ns

G
eo

ba
ci

llu
st

he
rm

od
en

itr
ifi

ca
ns

G
eo

ba
ci

llu
s k

au
st

op
hi

lu
s 



G thermodenitrificans

in silico

in vitro

Escherichia coli

in vitro
in vitro



T
ab

le
 3

.

Pr
ot

ei
n/

G
en

e 
le

ng
th

, b
p

G
en

e 
am

pl
ifi

ca
tio

n 
pr

im
er

s/
L

en
gt

h 
of

 
am

pl
ifi

co
n,

 b
p

G
en

e 
cl

on
in

g 
pr

im
er

s/
L

en
gt

h 
of

 
am

pl
ifi

co
n 

us
ed

 fo
r 

cl
on

in
g,

 b
p

R
ec

om
bi

na
nt

 p
ro

te
in

 e
xp

re
ss

io
n 

ef
fic

ie
nc

y*
/L

oc
al

iz
at

io
n 

of
 ta

rg
et

 p
ro

te
in

**
E

nz
ym

at
ic

 a
ct

iv
ity

 
of

 r
ec

om
bi

na
nt

 
en

zy
m

e*
**



Geobacillus

Geobacillus
 G thermodenitrificans

Geobacillus 

G thermoleovorans

E coli



Bacillus Geobacillus

°
°

°
°

≥ %

°
Geobacillus

G thermoleovorans

Fig. 3.



G thermoleovorans
°

Geobacillus

≥ %

°

Fig. 4.



Fig. 5.

Fig. 6. 

in vitro
G thermoleovorans



Table 4.

Metal salt Concentration Relative activity, %

Control
LiCl

NaCl

MgCl2

KCl

CaCl2

MnCl2

FeCl3

CoCl2

NiCl2

CuCl2

ZnCl2

SnCl2

BaCl2

G thermoleovorans



Table 5.

Reagent Concentration Relative activity, %

Control
Dithiothreitol
Tris(2-carboxyethyl)phosphine
β-mercaptoethanol

Urea

Guanidine HCl

SDS

DMSO

Methanol

Ethanol

Ethylene glycol

Glycerol

Triton X-100

Triton X-305

Tween 20

Tween 40

Tween 60

Tween 80

Brij 35
Brij 58



in silico

Fig. 7.



Table 6.

Substrate

Relative activity, %

10 min 960 
min

10 min
1 mM 
CaCl2

960 min
1 mM 
CaCl2

10 min
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CaCl2
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CaCl2
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removal 
of
His-tag
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Table 7.

Expression strain Integration cassette structure
Secretory 
production 
yield*, 
U/mL

Relative 
secretory 
production 
yield, %
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Table 8.

Metal salt Concentration Relative activity, %

Control
LiCl
NaCl

MgCl2

KCl

CaCl2

MnCl2

FeCl3

CoCl2

NiCl2

CuCl2

ZnCl2

SnCl2

BaCl2

Fig. 11.



Table 9.

Reagent Concentration Relative activity, %

Control
Dithiothreitol
Tris(2-carboxyethyl) phosphine
β-mercaptoethanol
Urea

Guanidine HCl
SDS

DMSO

Methanol

Ethanol

Ethylene glycol

Glycerol

Triton X-100

Triton X-305

Tween 20

Tween 40

Tween 60

Tween 80

Brij 35
Brij 58



in silico



Table 10.

Relative activity, %

PGA pectin pectin from 
apple pomace

240 
min

960 
min

240 
min

960 
min
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min

960 
min

PL47 
expressed by 
Escherichia
coli
BL21(DE3)

PL47 
with
His-tag

PL47 
after 
removal 
of His-tag

PL47 
secreted by 
Pichia
pastoris
SMD1163

P pastoris
E coli



in vitro 

in vitro

Fig. 12.
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Fig. 16. AmyA1(PA-3)
Geobacillus thermodenitrificans

in silico YcfN
GEPA_2787

UP0097 malA
malA

YyjP 
in silico YcfN GEPA_2787

UP0097 malA malA YyjP in silico G thermodenitrificans

G thermodenitrificans
Geobacillus

Bacillus
Geobacillus

thermocatenulatus Geobacillus

YteRPL47

G thermocatenulatus

Bacillus
 YteRPL47

G thermodenitrificans 



Fig. 17. YteRPL47 in silico
Geobacillus thermodenitrificans Bacillus
YteR
G thermodenitrificans B

PL47
G thermodenitrificans B

YteRPL47
PL47YteR Bacillus

G thermodenitrificans YteRPL47

Bacillus



G thermodenitrificans

G thermodenitrificans
YteRPL47



in vivo

in vitro
in vitro Geobacilus

in vitro



in vivo
in 

silico
Geobacillus thermodenitrificans

G. thermodenitrificans

G. thermodenitrificans

YteRPL47
G. thermodenitrificans

G. thermodenitrificans 
G thermodenitrificans



Geobacillus

Geobacillus stearothermophilus

Bacillus



Bacillus

Thermus

Bacillus thermoleovorans



Pseudomonas luteola

Paecilomyces variotii

Geobacillus

Anaerobranca gottschalkii

Geobacillus

Bacilluss tearothermophilus

Thermus thermophilus

Thermotoga maritima

Caldicellulosiruptor saccharolyticus

Geobacillus thermoleovorans

Thermotoga neapolitana

Fervidobacterium pennavorans



Bacillus acidopullulyticus

Bacillus

Paenibacillus
Escherichia coli

Bacillus licheniformis

Bacillus 
subtilis Pichia pastoris

Bacillus subtilis Pichia pastoris

Bacillus

Bacillus

Bacillus

Deinococcus geothermalis

Thermotoga maritima

Clostridium cellulovorans



Geobacillus
stearothermophilus

Geobacillus 

Geobacillus

Geobacillus
thermocatenulatus

Geobacillus

Geobacillus thermoglucosidasius

Geobacillus thermodenitrificans

Geobacillus thermodenitrificans

Geobacillus kaustophilus



Geobacillus



Curriculum vitae

Date and place of birth 30.06.1986 Siauliai, Lithuania 

Nationality lithuanian 

Languages lithuanian (mother tongue), german, english, russian 

Education 

2016 - 2020 Bachelor studies, Physical therapy programme, Bachelor in rehabilitation 
Vilnius University 

2011 - 2015 Doctoral studies, Biology programme 
Vilnius University 

2009 - 2011 Master studies, Microbiology programme, Master in biology 
Magna Cum Laude diploma Vilnius University 

2005 - 2009 Bachelor studies, Molecular biology programme, Bachelor in biology 
Vilnius University 

Grants 

2014 ERASMUS practice mobility scholarship 
Vilnius University 

Articles 

Petkauskaite R, Blom J, Goesmann A, Kuisiene N. 2017. Draft genome sequence of pectic 
polysaccharide-degrading moderate thermophilic bacterium Geobacillus thermodenitrificans 
DSM 101594. Braz J Microbiol 48:7-8. 

Kieraite I, Petkauskaite R, Jasilionis A, Kuisiene N. 2015. Evaluation of the potential of 
free and immobilized thermophilic bacterial enzymes in the degradation of agro-industrial 
wastes. Arch Biol Sci 67:161-172. 

Jasilionis A, Petkauskaite R, Kuisiene N. 2014. A novel type I thermostable pululanase 
isolated from a thermophilic starch enrichment culture. Microbiology 83:227-234. 

Petkauskaite R, Lukosius D, Dębski J, Jasilionis A, Dadlez M, Kieraite I, Timonina A, 
Kuisiene N. 2014. Identification of proteins involved in starch and polygalacturonic acid 
degradation using LC/MC. Centr Eur J Biol 9:708-716. 

Jomantiene R, Davis RE, Lee I-M, Zhao Y, Bottner-Parker K, Valiunas D, Petkauskaite R. 
2010. Onion is host for two phytoplasma lineages, subgroups 16SrI-A and 16SrI-(B/L)L, in 
Lithuania: A HinfI site revealed a SNP marking divergent branches of evolution. J Plant 
Pathol 92:461-470. 

Raimonda Petkauskaite 
Vilnius University 
Institute of Biosciences 

 

Life Sciences Center, C 335 
Sauletekio ave.  7 
LT-10257 Vilnius, LITHUANIA 

raimonda.petkauskaite@gf.vu.lt 
telephone +370 677 16755 



Conference papers 
Petkauskaite R, Kuisiene N. 2016. Characterization of the heteropolysaccharide 
utilization YterRPL47 operon from Geobacillus thermodenitrificans DSM 101594, abstr 
P-35. Abstr 3rd Congress of Baltic Microbiologists 2016 (CBM2016), Vilnius, Lithuania. 
Kuisiene N, Petkauskaite R, Lukosius D, Jasilionis A. 2014. Liquid chromatography/mass 
spectrometry based identification, cloning and characterization of thermostable 
bacterial enzymes useful for the production of long-chain oligosaccharides from agro-
industrial wastes. N Biotechnol 31(Suppl):S209-S210. 
Petkauskaite R, Jasilionis A, Kieraite I, Kuisiene N. 2012. Screening of thermophilic 
polysaccharide-degrading enzymes using metaproteomics approach and mass 
spectrometry, abstr P-017. Abstr 6th International Congress on Biocatalysis (Biocat2012), 
Hamburg, Germany. 
Petkauskaite R, Kieraite I, Timonina A, Jasilionis A, Gerasimova J, Kuisiene N. 2012. 
Functional food ingredients for gut health: identification of thermophilic enzymes useful 
for the production of long-chain oligosaccharides, abstr P-204, p 128. Abstr 8th INRA-
Rowett Symposium on Gut Microbiology. INRA-Rowett, Clermont-Ferrand, France. 
Petkauskaite R, Kuisiene N. 2012. Screening and initial charakterization of 
microorganisms producing thermostable pectin-degrading enzymes. Science in Faculty of 
Natural Sciences: Articles of the 7th scientific conference, 5 October 2012. Vilnius: 
Vilniaus universiteto leidykla, 7:82-94. 

Teaching activities 
spring semester 

/2016 – 2019 
Laboratory exercises in microbiology, bachelor studies 
Vilnius University Institute of Biosciences 

autumn semester 

/2015 – 2019 
Biology of pathogenic microorganisms, bachelor studies 
Vilnius University Institute of Biosciences 

autumn semester 

/2016 – 2018 
Medical microbiology, master studies 
Vilnius University Faculty of Natural Sciences 

Academic work experience 
from 

/2016 
Teaching assistant 
Vilnius University, Institute of Biosciences 

2015 Junior research associate 
Vilnius University, Institute of Biosciences 

2014 Lecturer 
Vilnius University, Faculty of Natural Sciences, Department of 
Microbiology and Biotechnology 

2011 – 2013 Junior research associate 
Vilnius University, Faculty of Natural Sciences, Department of 
Microbiology and Biotechnology 

2010 – 2012 Molecular biology specialist 
National Public Health Surveillance Laboratory 



Geobacillus thermodenitrificans

 



190

1

Draft genome sequence of pectic
polysaccharide-degrading moderate thermophilic bacterium 

Geobacillus thermodenitrificans DSM 101594

Raimonda Petkauskaitė, Jochen Blom,
Alexander Goesmann, and Nomeda Kuisienė



193

2

Evaluation of the potential of free and immobilized
thermophilic bacterial enzymes in the degradation

of agro-industrial wastes

Ieva Kieraitė, Raimonda Petkauskaitė,
Andrius Jasilionis, and Nomeda Kuisienė



206

3

A novel type I thermostable pullulanase
isolated from a thermophilic starch enrichment culture

Andrius Jasilionis, Raimonda Petkauskaitė, and Nomeda Kuisienė



215

4

Identification of proteins involved
in starch and polygalacturonic acid

degradation using LC/MS

Raimonda Petkauskaitė, Dangiras Lukošius, Janusz Dębski, Andrius Jasilionis, 
Michał Dadlez, Ieva Kieraitė, Ana Timonina, and Nomeda Kuisienė



225

 



226

 



227

 



Vilniaus universiteto leidykla

info@leidykla.vu.lt, www.leidykla.vu.lt




