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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 
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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
10 mM 
CaCl2

960 min
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CaCl2
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after 
removal 
of
His-tag
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Bacillus subtilis subtilis
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Pichia pastoris
Kluyveromyces lactis
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Table 7.

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

Relative 
secretory 
production 
yield, %
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Fig. 9.
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in vitro in silico

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
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