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Cik liela ir baktérija?
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No ka sastav bakterija?

4 MESOSOME

RiBosom

Var pienemt, ka bakteérija ir neliela, ar
membranu norobezota telpa (“maiss”), kura tiek
uzglabats genétiskais materials un norit kimiskas
reakcijas, lai iegutu energiju un buvblokus prieks
baktérijas vairosanas.

PERIPLASMIC SPACE

CELL WALL

(Todar Online Textbook of Bacteriology)



Baktériju mikronodalijumi —kas tie ir?

Mikronodalijumi ir viens no baktériju Sunu ieslegumu
veidiem. Tie paatrina kritiski svarigas reakcijas suna.

Rezultata bakterija spéj patéréet eksotiskus vai toksiskus
substratus vai uzlabot CO, fikséSanas efektivitati.

Cynecocystis spp.
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Baktéeriju mikronodalijumi — no ka tie sastav?

Mikronodalijumiem ir
noteikta, regulara forma. Tie
realizé noteiktas funkcijas,
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Baktéeriju mikronodalijumi — no ka tie sastav?
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Baktériju mikronodalijumi — cik dazadi tie ir?

Cluster

® 1.1

1.1.2

®
"

2.1.1.

2113

21.1.4

2.1.1.5

e 0 0 0 0 0O

3.1

3.2

3.2.2

323

324

3.3

e 8 0 0

21.1.2

2.2

2.3

2.4

25

4.2

4.1

4.3

21.2

26

R0 R B R R ED>PDP>PPFP

Locus type
a-carboxysome

(chemoautotrophs)

a-carboxysome
(Cyanobacteria)

B-carboxysome
PDUTA
PDUTB
PDUIC
PDUID
PDU-like
EUT1

EUT2A
EUT2B
EUT2C
EUT2D

EUT3
PDU/EUT fusion
GRM1

GRM2

GRM3

GRM4

GRMS

PVM
PVM-like
ETU

RMM1
RMM2/PDU2
MUF

MICT

SPU

SPU-like

BUF

Count
S(L/G
|72 s, B, Bk e  _RE)
19 (20/20] ————— e e — e —
( )
= = w22l i
9 (20/20;
o0 g e a
a4 Jwg
46 (46/46)
<3 -q)-
10 (43/43) — £ob operon . DEBRL URCIH I P
Oaa S R a<a
2 (6/6) CiEESR T O o
a<d 7 ORFst cob operon §
; (0 o S T iy e b CICCE T S o o
(3/3) ]
DI I B MR T PR Bl > >
2(2/2)
1(2/2)
17 (72/72) | 4 4 EH T T COTTHIIIHI T | .2 < d
7 (12/12) _bO R MTINIINDOME OB D
9(9/9) _BED WS ERTHINDOMEH OIS
1(2/2) __b> BB D M IIINIPOEEHSTM T PP
44a 4 ]
2(2/2) » CE W IR DT T D
4R &
0 o 0
10272 e DAL
L]
8(21/21) COCHOIBS!  POESSHIHPRIHDER IO [ MDD CHER DBOIDID
] - Q 4

20(35/31) 2 B> O ERE—— W DT DO DD
el aee———E

11 (16/16)

-
oD pEyEe——r7o—
12 (1915 DRI EDD %
<Jd
2 (2/2)
5(5/5)
7(7/7)
5(6/5) P Ty
BMC-H
1(2/2) = BMCT
> BMC-P
4 (4/4) B ::dg':'
c
B PTAC
3 @4 B Signature
> Re-activating
162/ B Regulator
[ Transporter
5(3/3) @ Actin-like, parA-like.
N/A or pduV/eutP-like
o> Censerved and shared
N/A el v m— i, o with other locus types
» Conserved and specific|
44aze) BED B OEDBUEHCHOES O EDDCEDIDEED | to locus type
a

Paslaik zinami 23 dazadi mikronodalijumu
veidi, (Axen, et al., 2014)



Baktéeriju mikronodalijumu pielietojums

Mikronodalijumus iespéjams izmantot, lai uzlabotu CO, saistisSanu citos mikroorganismos vai
sauszemes augos
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Baktériju mikronodalijumu pielietojums

Mikronodalijjumus iesp€jams izmantot, lai raditu jaunas platformas dazadu vielu sintézes
celiem, kuros ir toksiski vai nestabili starpsavienojumi.
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Holins un trimetilamins (TMA)

dietary carnitine/choline gut microbiota host FMO activity

K. pneumoniae razo Holina SkelSanai
vairak TMA no holina K. pneumoniae
neka karnitina nepiecieSami vairaki
TA Oral carnitine/choline TMAO measurement
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Ka bakteéerijas skel holinu?

Bacterial isolate strain Locus tag Length 514 640 815 1022

Kiebsiella pneumonia MSCL 1128 SDLS HQINGGG T/l EENQ 't EDARDYCL GClV PQKSGRYQ STG TQWP I[T SISNN
Desuitfovibrio alaskensis G20 846 SDCSHHAVNGGG VEENQ EDARDYCL >_1 PQKSGRYQWMHESTGMTQWP I[TILIS | SNN
Proteus mirabilis HI4320 S 1142 SDLS HQINGGG VEENQ EDARDYCL_‘V PQKSGRY QWS TGMTQWP I|T SISNN

(Jameson et al., 2018. Methods)
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Baktériju mikronodalijumi — cik dazadi tie ir?
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Baktériju mikronodalijumi ka nanoreaktori

1. K. pneumoniae proteinu bibliotékas izveide un mikronodalijumu sintézes optimizacija.
2. Mikronodalijumu proteinu caulu caurlaidibas mérijumi.

3. Funkcionala mikronodalijuma izveide un raksturojums.



GRM2 tipa bakterialo
mikrokompartmentu Caulas passaliksanas
un enzimatiskas serdes iepakosanas
mehanismi

Dr. biol. Gints Kalnins

Latvijas Biomedicinas pétijumu un studiju centrs
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Abstract

Bacterial microcompartments (BMCs) are prokaryotic organelles
consisting of a protein shell and an encapsulated enzymatic core. BMCs
are involved in several biochemical processes, such as choline, glycerol
and ethanolamine degradation and carbon fixation. Since non-native
enzymes can also be encapsulated in BMCs, an improved understanding
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Klebsiella pneumoniae GRM?2 lokuss

serdes enzimi

CutWw CutX CutY cmcABC  CutF cmcD CutO CutC CutD cmcE cutH cutT cutU cutV

pumhm)  spapapmmmn)) ) ) e} s ) e )
BVCH

 Ka GRM2 Caula passaliekas — kas nosaka tas izméru, kapacitati un spéju

iepakot serdes enzimus?
e Strukturalo caulas génu izolésana un rekombinanta ekspresija Escherichia

coli ekspresijas sistéma atseviskos gadijumos producéja tuksas ¢aulas dalinas
zinamas kombinacijas.

Kalnins et. al, Nat Commun, 2020



Caulas dalinu analize

Aggregate-like Intermediary T4 particles
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c¢cmcABC’: neregulars «izsméréts» materials

BMC-H komponentu
dazadas 1pasibas

§ »9)
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. Kalnins et. al, Nat Commun, 2020




Superose 6 gel filtration
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250 A

pT=4 BDPs

e Izrékinata krio-EM struktiira 3.3 A iz8kirtspéja pT=4
kvazi-simetriskai ikosahedralai dalinai, kuru veidoja
cmcD pentaméri and cmcC heksameéri

cmcC

Kalnins et. al, Nat Commun, 2020



Minoras BDD klases...

8.75 A izskirtspéja, C1 simetrija 9.64 A izskirtspéja, D5 simetrija
Vienai ceturtdalai no visam 6% no visam dalinam bija
pT=4 dalinam truka vismaz pT=4,Q=6 pagarinatas dalinas ar
viena pentameériska vieniba vienu papildus heksaméru
gredzenu Kalnins et. al, Nat Commun, 2020



... un minorakas BDD klases

0.7% pT=4 0.3% pT=4, Q=8 0.2% ikosahedralas <0.1% pT=4, pT=7 vai

atvasinatas dalinas ar diviem dalinas ar pT=7 vai pT=9 atvasinatas dalinas

trijstrainas papildus pT=9 kvazi-simetriju ar vairak ka diviem

dalinas heksaméru papildus heksaméru
gredzeniem gredzeniem

» Caula ir elastiga, un ir iesp&jami vairaki veidi,
ka palielinat tas izmerus.

Kalnins et. al, Nat Commun, 2020



Klebsiella pneumoniae GRM?2 lokuss

serdes enzimi

CutwW CutX CutY cmcABC CutF cmceD CutO CutC CutD cmcE cutH cutT cutU cutVv

puhe) b . p e s ) s )
BVCH

* Ka tiek iepakoti GRM2 serdes enzimi?
* Noteiktu serdes enzimu ko-ekspresija ar BDD veidojosu génu komplektu
noteiktas kombinacijas ir novérojama iepakosanas.

Kalnins et. al, Nat Commun, 2020
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Results

* Serdes enzimu ko-
migracija gélfiltracija ar
Caulas proteiniem

CutCin all zones
No encapsulation observed

No encapsulation observed

No encapsulation observed
CutCin all zones
No encapsulation observed

No encapsulation observed

e —— —~ar— E— l}Cutc
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_ B l = =—CutO
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GRM?2 hierarhiskais enzimatiskas serdes
iepakosanas mehanisms

* lepakoSana ir hierarhiska, un CutC
enzims, visticamak, kalpo ari ka
centralais adaptors serdes
iepakosSanai.

CutCsze.1128 * CutC N-terminalais domeéns kopa ar

M ' o CutF aldehida dehidrogenazi parbida

Cuto : serdes enzimu iepako$anas lidzsvaru
cuto uz lielakam dalinam — palielina
enzimatiskas serdes izmérus?

CutX Cuty cchBC cmcD CutD cmcE cutH cutT cutU cutV
Kalnlns et. al, Nat Commun, 2020
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Nepublicéti dati iepakotas CutO alkohola dehidrogenazes aktivitates mérijjumiem

- NAD* Ethanol
v Vmax
max
_ [umol*mint Kcat [s1] of
[umol*min- NAD km Ethanol km
per mg] of CutO
1per mg] [mM] [mM]
CutO component
total
component
cmcABC +D+CutC+Cu
12,7 454,5 100,3 318,0 8,8

to

cmcABC +D 3,9 - - - -

H6-CutO 306,0 306,0 151,9 214,1 22,3
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Enzimu iepakoSanas stratégija
mikrokompartmentos

Eva Emilija Cesle



Funkcionals bakterialais
mikrokompartments
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Ge===  Caulas proteini ‘i\__l |__/7'
@« O Kodola enzimi R
L. . RERR Enkapsulacijas peptidi _ . o
Enzimatiskais kodols mmgy Kodola veidosanas domeni Proteinu veidota Caula
vai proteini

Pec Kerfeld, C. A., Aussignargues, C., Zarzycki, J., Cai, F. & Sutter, M. Bacterial microcompartments. Nat Rev Microbiol 16, 277—-290 (2018).



Maksligs enzimatiskais kodols (S wy
Proteinu veidota Caula
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Analizéet GRM?2 tipa bakterialo

= 1.:.. mikrokompartmentu caulas formu
Darba merl,<|s daudzveidibu un iespéjas taja iepakot
heterologus enzimus.



GRM?2 lokusa kodeétie proteini

CutW CutXCutY cmcABC CutF cmcD CutO

mmm)m)

CutD cmcE cutH cutT cutU cutV

>

Molekulara masa (kDa) 9.4 96 94 56.8 9.9 42 125.6 35.9 13.7 222

[> BMC-H E> BMC-P » Kodola enzimi [> Regulatori un transporteri



Nenativu enzimu iepakosana BMC Caula

Izvéléti tris enzimi no Zymomonas mobilis

Entnera-Dudorova cela (etanola producésana)

» 6-fosfoglukonata dehidrataze (EDD);

e 2-keto-3-deoksi-6-fosfoglukonata (KDPG)
aldolaze (EDA);

e piruvata dekarboksilaze (PDC).

lepakosanas metode- SpyTag/SpyCatcher
adhezinu sistéma.

Kalnenieks, U. Physiology of Zymomonas mobilis:

ATP ADP  NAD(P)* NAD(P)H
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Some Unanswered Ethanol

Questions. in Advances in Microbial Physiology vol. 51 73—117 (Elsevier, 2006).




SpyTag-SpyCatcher sistéma

SpyCatcher  SpyTag SpyTag-SpyCatcher komplekss




Nenativu enzimu iepakosana BMC caula
|lzmantojot CutC

CutC- Klebsiella pneumoniae GRM2 tipa BMC raksturenzims, bakalaura darba konstatéta
spéciga mijiedarbiba ar Caulas proteiniem
A B
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Nenativu enzimu iepakosana BMC Caula
lzmantojot permutétu caulas proteinu

Caulas proteins cmcC’perm- ar galiem uz iek3u

116.0'4" - gy J— PDC-SpyTag+
- —————— —— s

cmcC'perm-SpyCatcher

PDC =o®
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Nenativu enzimu iepakosana BMC Caula
lzmantojot permutétu caulas proteinu

Caulas proteins cmcC’perm- ar galiem uz iek3u
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Nenativu enzimu iepakosana BMC Caula
lzmantojot permutétu caulas proteinu

Caulas proteins cmcC’perm- ar galiem uz iek3u
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BMC Caulas Cryo-EM strukturu noteikSana

3240 mikrografijas
Motion correction ar MotionCor2, CTF estimacija ar gctf, manuala dalinu atlase (manual picking)

45252 dalinas

l

2D klasifikacija

©e|l® © ©@ ©® 0 ® @ ®© ©®© ® 6

19157 dalinas 1681 d. 3595 d. 1731 d. 858 d. 950 d. 1090 d. 1063 d. 837 d. 913 d.
3D de novo modelis 3D de novo modelis 3D de novo modelis 3D de novo modelis 3D de novo modelis 3D de novo modelis
I1 simetrij3 11 simetrija D5 simetrija D5 simetrija D5 simetrija D3 simetrija

-
e

Krioelektronmikroskopijas
(cryo-EM) strukturas
cmcABC’+D ar CutC un AlcDH

6,6-22,2 A izskirtspéja

3D klasifikacija 3D klasifikacija 3D klasifikacija 3D Klasifikicija 3D klasifikacija 3D klasifikacija
I1 simetrija 11 simetrija D5 simetrija D5 simetrija DS simetrija D3 simetrija

3D refinement 3D refinement 3D refinement 3D refinement 3D refinement 3D refinement
11 simetrija I1 simetrija DS simetrija D5 simetrija D5 simetrija D3 simetrija

6,6 & iz8kirtspja 8,9 A iz8irtspeja 11,1 A iz8kirtsp&ja 17,0 A iz8kirtsp&ia 17,0 A izkirtspeja 22,2 R iz8kirtspéja



Augstakas izskirtspéjas strukturas — pT=4 un pT=7 dextro ikosaedriskam
BMC dalinam

\

240 A 280 A

6,6 A iz8kirtspéja 8,9 A iz8kirtspéja



Tris no strukturam redzamas pagarinatas BMC dalinas - veidojas,
pT=4 dalinam pievienojot papildu heksaméru gredzenus.

+1 BMC-H gredzens (kopa 2) +2 BMC-H gredzeni (kopa 3) +3 BMC-H gredzens (kopa 4)
pT=4, Q=6 pT=4, Q=8 pT=4, Q=10
11,1 A iz8kirtspéja 17,0 A iz8kirtspéja 17,0 A iz8kirtspéja



Secinajumi / talakais virziens

SpyTag/SpyCatcher sistéma veiksmigi izmantojama nenativu enzimu
iepakosanai.

Permutéta Caulas proteina izmantosSana lauj iepakot visus tris analizétos
heterologous enzimus.

Krioelektronmikroskopija novérota dalinu daudzveidiba liecina par spéju
iepakot dazada izmeéra enzimatiska kodolu.

NepiecieSams apstiprinat iepakoto enzimu aktivitati.

Nakamais solis — vairaku enzimu vienlaiciga iepakosana.
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