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SUMMARY

I. Title

Studies on protein structure for the spore formation mechanism of

microorganisms in polar glaciers

II. Purpose and Necessity of R&D

Polar glaciers are melting due to climate change, and basic research is
needed to prepare for the emergence of microorganisms in these glaciers. We
want to understand at a molecular level how glacier microorganisms survive
in ice for a long time. In this research project, we understand the spore
formation mechanism, one of the survival strategies of glacial microorganisms,
and identify the structural and biochemical characteristics of several key

proteins important for spore formation.

. Contents and Extent of R&D

Paenisporosarcina sp., Strain TG-14 is a psychrophilic bacterium isolated
from the Antarctic Taylor glacial sample. Gene analysis for this bacteria was
performed to obtain target gene information known to be involved in spore
formation. Expression and purification of key proteins involved in spore
formation were carried out. Moreover, analysis of the tertiary structure of the

purified proteins and their biochemical characteristics were performed.

IV. R&D Results

1. Purification, crystallization and structural analysis of PaSpoOA regulation
domain (PaSpo0OA-R)

Signal transduction for spore formation is known to be signaled and
regulated by phosphorylation and dephosphorylation of various proteins.
Spo0A protein from Paenisporosarcina sp. Strain TG-14 (PaSpo0OA) is known

to act as an important transcriptional regulator in spore formation. However,



it is unclear how SpoOA transmits signals to induce the expression of
proteins necessary for spore formation. In this study, structural analysis was
performed by expressing the regulator domain of PaSpo0OA protein
(PaSpo0A-R). The non-phosphorylated PaSpo0OA-R protein had an inactive
structure and it was able to observe structural changes of the Leu85 residue
compared to the active state of BsSpoOA structure (SpoOA from Bacillus
stearothermophilus). Structural analysis and cross-linking experiments have
shown that the PaSPoOA-R protein can have a weak dimer form. Based on
this modeling structure analysis, we could explain how the full-length
PaSpo0A protein binds to target DNA in the form of dimer.

2. Structural analysis of dihydrodipicolinate reductase enzyme

Dipicolinate (DPA) is a chemical that occupies 5-10% of spore
component and it is one of the important substances in the spore
formation of bacteria. Dyhydrodipicolinate reductase (DHDPR) enzyme is
involved in the DPA formation and it is known to use NAD (P) H as a
cofactor. In this study, PaDHDPR from Paenisporosarcina sp. Strain
TG-14 was recombinantly produced and analyzed its tertiary structure
and biochemical characterization. -~ The identified PaDHDPR enzyme
structure consists of two domains, the NAD (P) H binding domain at the
N-terminus and the substrate binding domain at the C-terminus. The
purified PaDHDPR is a tetramer formed by the C-terminal domain
interaction. Biochemical characterization results indicate that PaDHDPR
has a stronger preference for NADPH than NADH as a cofactor.
Structural and sequence analysis of PaDHDPR revealed that PaDHDPR
has specific residues for NADPH binding.

3. Study of structure and function of GerE protein

The GerE protein is one of the transcriptional regulatory proteins and it
1s known to bind to the promoter region of the target DNA to induce the
expression of spore coat protein. In this study, the structural and
functional analysis on PaGerE was performed. The PaGerE protein has a
helix—turn-helix structure and residues that are thought to be important
for DNA binding were identified. Using the EMSA experiment, the

interaction between PaGerE and promoter DNA region was confirmed.

V. Application Plans of R&D Results

Structural analysis of the spore-forming proteins from polar glacier



microorganisms helps to understand the survival strategies of polar organisms
at the molecular level. The rapid retreat of glaciers can lead to an appearance
of bacterial pathogens in ancient glaciers. In addition, structure information of
spore forming proteins may give an information for drug development and
antibiotics against pathogens that form spores. Furthermore, it is possible to

find industrially useful cold active proteins from glacier microorganisms.
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FeEyetolMs Aduisu A da HASHA oA FAAEE A
¢ Streptomyces®] oFE FA I olxdAMbE BAS dste FAAE A
A= HE3AT} (Lee et al, 2008, Park and Choi, 2015).
B 3l Streptomyces coelicoloroll 4] A& 2 A3} ofE
= Wdstal, o] @ o] AojE EdAWoloA FH=AS
actinorhodin®] A3} olE Aol AA F7lstes AL Fedd (Kim et al,
2013).

- sheltfsta HoghHbAl Bl 2] F 5% i<l Staphylococcus aureus® F-E
SpoVG homologueES ##]sto] oA g 2 AA wld Ay X-ray
diffraction datas LJTd A&t SpoVG @A ofx FAF wHAE<
Bacillus subtilisel 4] o2 %LEE]%I, stationary phase®l] A o}3 Aol o]
st Aoz delA vt (kim et al, 2010).

gydfstal o]z efjukAl Ble <= (indole)©] gram positive PIAE T &<l
o)
|

Paenibacillus alvei®] ©o}¥ A4S gA|ste] A, <& pH 2 oo =5
S o o] HAES AES FAA T B olygt YE Ao JFTFS A= AES

A8tk (kim et al, 2011) (Fig. 2-1).

TETR FAETA B A= go7 A4#F Bacillus cereusd ©FE BA
Ay A7s B3l Al d daiSs AN (kim et al, 2012). §=
o

Paenibacillus polymyxa®] genome sequenceZH-E o} &A]

5 = #
9, obE FABHL ¢ BAWe] FFE g3 o] FUAEY V5L AT
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~None Indole ) IAN

Fig. 2-1. A=} 3n|7 o]& P. alvei®] endospore Aol 2= 43 %A} SC, spore coat;

Cx, cortex; SPC, spore core (kim et al., 2011)

FH s gstus Aol dQl F<l Bacillus anthracisoll A E3 £}
Aol A ZS A=A PS uf ofE FAF dolr} AAdHE A9

A=}
= =
A= gAY 855 93 2% vlo] o m# <l endopeptidase® ¥1a At (Kim

soh ofE g4 Anylsl BEE U ATE RS ol

o
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A2d =] A7

o A& oF 100 A 100 Teo &% =9A + Bacillus
anthracis7} o} 2 & A3t 2SS EA HWAA A A o] F ol PAo] ofd
A E3% gE& 2E#Zz f& AIRALES
(Bartholomew et al., 1950) (Fig. 2-2). o} A9 %52 Bacillus subtilise] o}
25 A8 9% daHHol MEEJA L AFE AL (Driks, 1999), oFE P4 9
F7] 2 BH FHAAES Wele AT Tol M i Qo (Fig. 2-3, Table 2-1).

A E ‘

H
e
o
at
o
4
%2

o
oK+GerE @%

Fig. 2-2. @A ol &A (sporulation) 4. (A) o]E¥FA %7 ] N g Aol ZF7138. (B)
pZS

©
©
: S
L

e @A MEYYel Anel YAHEA AEE wAESE b F PROR b
Aol @AGA of o] BAZANE oF o] #4& el (O) WolxE AEen £
9 of 7h ool 8%

& M o = BAEZAA 2dg. (D) IE (cortex)
ol Bl (4 . (F) obx @A miAu AN BEAEZE =
= 5}

0 A
(A7 2. (B) 99 3 o)
L (G) Yol FRT u) obEE vhA Hohrbm A4
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Fig. 2-3.

ot +
SpolllD

O‘KO

o+
Gerk

cotE cotE
spolVA
spoVID

cotJ

o

EA oA o] F7]H

@ A

cotA
cotD
cotF
cotH
cotM
cotT
cotV
cotW
cotX
cotY
cotZ

T A SACAM Y dAF a4

TABLE 1. The known coat and morphogenetic genes

cotB
cotC
cotG
cotS
cotV

cotW
cotX
cotY
cotZ

jail
=

sl

Gene e (okfg;;)duu (L,‘::;i;f 1\1(‘13]:“5::;1;]11:1 Coat layer” Morphogenetic role Comments®
cotA 65 o 52 (o] None known Controls brown pigment
colB 59 o* + GerE 314 ocC None known
cotC 12 o* + GerE 168 oc None known
cotD 11 o 198 ocC None known
cotll 24 o, ¢* + SpollID 150 oc Required for outer coat assembly
cotF 5 & o 356 4 None known Proteolytically processed
cotG 24 o® + GerE 314 ocC Controls CotB assembly Nine tandem copies of 13-aa repeat
cotH 428 o 314 IC Controls OC protein assembly Near cotB and cotGG
cotlA 9.7 o 62 Matrix None known Interacts with CotJC
cotlC 217 o 62 Matrix None known Interacts with CotJA
cotK 6 1 164 7 None known Putative coat protein
cotl. 54 ? 164 ? None known Putative coat protein
cotM 14 o 164 ocC Controls outer coat assembly a-Crystallin-like
cotS 41 v + GerE 270 IC None known CotE dependent
cotT 7.8 xs" 108 IC Controls inner coat assembly Proteolytically processed
cotV 14 o o* + GerE 107 2 None known Putative coat protein
cotW 12 7*, o* + GerE 107 > None known Putative coat protein
cotX 18.6 lr“ ™ + GerE 107 ocC Controls outer coat assembly Insoluble fraction
cotY 17.9 ok, o o + GerE 107 oc May control outer coat assembly Insoluble fraction
cotZ 16.5 o, o* + GerE 107 ocC May control outer coat assembly Insoluble fraction
spolVA 55 o 204 NCP Attaches the precoal to the forespore
spoVID 65 o 244 NCP Involved in coat attachment
sodA 25 ? 221 NCP Involved in coat morphogenesis

“ Only the sigma factors and major positive regulators are listed. See the text for a more complete description of the genetic control.

 Assignments of coat proteins to coat layers have been directly demonstrated only for CotE and CotS. Otherwise, the assignments are inferences. IC, inner coat;
OC. outer coat; NCP, not considered a coat protein.

© These comments must be read in conjunction with the caveats discussed in the text. aa, amino acid.

Table 2-1. o} PAdoll FHHH

53] Bacterial o} FA ¥l T o

E Aok 2 #Fofd w7 =i gEx
Oﬂfﬂ 23759 9] =80 WE HALL, G
e IRgoEN 3995 AAsAn ¢
U 591 91 bacterial ©}X proteino] o
2-4).

sS4 GFrE

7} AL F7kstar Qe
, 20055 2013 7FA] W

[e)

=
ot
okt =

ol A 4104 €]

gt A ow AL 126W 9 =0
g A= AY AR Aot (Fig.
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Netherlands, 136 [Sou!h Korea, 126

800
Cananda, 142
H spore protein
700 pore o mUSA
B bacterial spore protein
600
P m UK
g
500
g = Japan
s
o 400 B Germany
8
g 300  France
z
200 m China
100
o

2006 2007 2008 2009 2010 2011 2012 2013

Year

HS FoAATRI|HY =2 XA
1 University of Connecticut Health Center 266 1 Setlow, P. 281
2 Harvard University 164 2 Losick, R. 142
3 Scripps Research Institute 98 3 Setlow, B. 83
4 Institut Pasteur, Paris 85 4 Errington, J. 77
5 Johns Innes centre 76 5 Hoch, J.A. 76
6 Sir William Dunn School of Pathology 71 6 Moran, C.P. 55
7 University of Oxford 71 7 Driks, A. 50
8 Massachusetts Institute of Technology 65 8 Piggot, P.J. 45
9 UC Berkeley 63 9 Grossman, A.D. 43
10 University of California, San Diego 55 10 Henriques, A.O. 43

Fig. 2-4. =7}

o
Hd
i3
<]
BN
>

= e}
=53 2

=

Bacterial o}X A ©a Aol ojgk 7} @ 3l 7] #-& University
of Connecticut Health Center= 1—‘?4% 2} A 8}33 a1, Harvard University 7} + WA
2 gBe =S ¥ £33 Scripps Research Institute, Institut Pasteur,
Paris & "= HZ3 FH9 o] tiga 7|dolA A7 58] A= Q)
t} o} #¥H A= University of Connecticut Health Center®] Peter Setlow =
Ab7E 281H o w2 Jhd e =ES wEslga, FHE o]o] Harvard University 9
Richard Losick ¥AF7} 1429 =S Wistdth 1 <ol MA oy 713 A
Hl 523k 502 A5 st 3

r& ﬂllO ﬂ]lO
rlf

N

L v=

2006 d "= Prof. Pun To Yung ©8-& gal=9] <k 300 ¥ ice coredl] (94m)
ZA8F= endospore TE st o A Alzto] ek A AyE AHES
o™ (Yung et al, 2007) (Fig. 2-5), Prof. Paul G. Falkowski ¥ Y= Beacon
Valleley®] ¢F 8wt Wtz HE wAd=9o A& sl wide] Attt
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(Bidle et al., 2007). o}% A wAE< BacillusE B %3 oe] n &9 ol
= 2 xA otx A WAYSE, ol A FHA Id 2d 2 AsdE 77 T

o 4w wwgel Fx AR dTE Bus dgHam Yok
University of California at San Diego ¢ Prof. Kottayil IVarughese ¥ Bacillus
subtilis ¢] sporulation & ZA3= AE HYE AR HFE SpolF 2=

gwde] 3 F2E 93t (Madhusudan et al., 1996).

LFWHE oleH Y AT+ James ABrannigan ¥MA} ® 3} Scripps Research
Institute ¢| HKottayil IVarughese ®MAME-2 ofX &4 wwldz DNA H3A) ¢
AT E B ol FAS A #FdA BEu #Z olsd ¢ dxE v
(Lee et al, 2008, Zhao H et al, 2002). = Al7Far9] Anderson, W.F. BA}F
oA =E EAlolw  FAldl whE|g]o}  sporulation ol AR lytic
transglycosylase 49 4ta} 725 ol FA WHAA vAE=TH HAsAH

(Nocadello, S et al., 2016).

7 =T .

. - erystal

Brine pocket Bacteria

< <4

crystal

Fig. 2-5. Ha}lZ o] F 1 gt 4844 Alolo] 28 dx] & F7F (Brine pocket) A

Aol7ta 9l& Welv|AE 82l (Junge et al, 2011)
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3

ud

2. 4

o v ggoz ol e Ayt o] M Q) ofxE
WA Gz @3k AGE A e 19999 University of Yorkol A Bacillus
subtilis®] spore coat &Adol] #Tosl= & A9 & A-nucleotide &3

| A3FH 3 (Simon J. Charnock and Gideon J. Davies, 1999), &
James A Brannigan® < sporulation "}FA| 2 @A oA o} X A LS

Azt e Fx5 A5t o] @wldo] Bacillus subtilis®] o}
Bt} (Valérie M.-ADucros et al., 2001).
RAEZE dolaro A hEd
B Aok (Vladimir M.

Al HAAF AR S
Bacillus subtilis®] o}¥% A @A ol A
intercellular channel complexE A3+ A 9]

al., 2012).

=<9 Max Planck Institute for Developmental Biology 2] Kornelius

Lo =zAd

o) AT 2T

&kl Prof.
435= DNA
P <&
o}y 2t
el 4] o]

Levdikov et

An g
R

= Hg

Zeth¥ AL ©

ANM= ot Y AA T FHA THE U}Z]”Loi ZAs= AAbxAA e o
W AR S e, duld NI 2 FAd S o E arElgobet Hlasko
3t AFtell =go] He AdE xS (Iris Asen et al, 2008).

W2 ol Aok Eotekal WIGRdE B 2 2EHE oA olEA <
Hes ol FE R dopd=Aol tie A7 wiHlety AAA wAYSFS AT-et
71 91gk 2 AESA A7 g Ha Aol

ol#lf Table 2-2= =je] A7 @A djgk 8 °F Axolt}

Table 2-2. =] o} #& A+ €3 @

ATy 7| AN W& Add e &8s
N Ny ; Streptomyces?] oF3% A3 o] XA} 5

Addigu (F9d, HA4S) &%p%@y =4 %XLX}%]O%L;L A &89 o e
Streptomyces coelicolor ¢} A ¢

Agdigtal (7)) W Ao EAdwWolA A E wF | 89 9 §l&
B4 4
ol¥ A w@lA homologues 2%

giFgkel o) (Aol S o2 RE A, 2d, "l AH A &89 o s
st AF
Indole®] Paenibacillus alvei®] o} A

Faieal (o] X1H) o] A= g FA, 2Ed AT | &89 o S
A AE 58 ga &
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(

_ o ol A o .
ne s (74E) P Bt ) CER T R
Paenibacillus polymyxa®] o}¥ aA]
St A e AT IAd AsAYg FHA A" 2 SdW (Y &89 9 gl
of #FE ol&S FHA VT 4
. i g8 Y12l Bacillus anthracis®] )
st (g +t) %gﬁglfﬂ A 2, ol &g ¥ ol it &89 o gl
X L=, 1 =
ofxZ /4 Hrelg o<l Bacilluss
o] &gt AF7F AaAyF. 1) ofE FAFS
University of Connecticut |&3% 749 E= AbstAlol thak A3 | 4 3 Bgo] o 9o
Health Center W7t S A9 2) ol dA w7ty = =7 wAE
A 3) AlEY ol EA)st= ofE 9
TE} 24 AT
o}l & YA 3li= Bacillus subtilis9]
&3}, morphogene51s multicelluarity ol )
Harvard University qek AF7F P S o E FA A3 &8 o e
fuAe wd 24 WS 2
AEXY M2 Az oist A+
Newcastle University, el d SAerd Hu A BLs
Centre for Bacterial o] €3] Bacillus subtilisol] th3+ AxE (A7 &89 o P&
Cell Biology in ‘ﬂg}]oﬂ e A e s 3 ZaS =
Newcastle °© F BB Rd
ilr‘l};%tmeScripps Research Iiaﬁcilh;]szfulgt%sA NS HAGI A E N3} gl o 9o
B]. ?rltl;hraicis, 141? Sgbtigis, C. difficile
. . of| & o} 3 T4 AT
Hoatth Sysiem AW el wAL A E | e o e
iaat
Uni it f Californi t | Bacill btil ol FA x4 4l
SarlléveDriSelg}(; of California a ia%lﬁszf%éféx}}?io‘ﬁﬁ d N3 Bgo o g
Children’s Hospital Oakland | b 4 w9183k DNARZA 3% | 00 o0 of o of o
Research Institute % A gk Zgef o 8ls
HAd vAEd Bacilgls an%hracisQ‘r
o » S S A ,
Northwestern University g%ﬁgjdgﬁ o(%]lfféﬁg%_%h }ﬁﬂ - A &89 o gl
49 3% FER A
Bacillus sgb/t\lhsiﬂqsg})r% c]oat %“éﬁ%
A A A~ O} X Z % qu;c ol X -
University of York %34]05}\1 %%E]{_E o @E’COI’LDIGXQ:?L A3t &89 o 8le
z= A
S ulor T o ,
Max Planck Institute ohx we uhA M ?ﬁ]/] A &g o gl

_26_



O =A WetAEF=ZFY &Felst sdA vre glo}Ql Paenisporosarcina sp. Strain
TG-14 9} Paenisporosarcina sp. Strain TG-20°] W3t 7% Fdx X4 A4S
ZAFS (SCI &= 29).

- Draft Genome Sequence of Paenisporosarcina sp. Strain TG-14, a
Psychrophilic Bacterium Isolated from Sediment-Laden Stratified Basal Ice
from Taylor Glacier, McMurdo Dry Valleys, Antarctica. (2012) Journal of
bacteriology 194, 6656-6657. (IF: 3.825)

- Draft Genome Sequence of Paenisporosarcina sp. Strain TG-20, a
Psychrophilic Bacterium Isolated from the Basal Ice of Taylor Glacier. (2012)
Journal of bacteriology 194, 6636. (IF: 3.825)
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) -‘ . >~ ] =] A 2
Fig. 3-1. 2012 v]= Fo]Aeu tiske] Brent C. Christner a5 A7-dolA sl A&
ig. 3-1. sl

A9 we
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TG-14, 10°C, 10 days

£Y

TG-14, 0°C, 10 days

5101

1l

Fig. 3-2. W3} v AW E (Paenisporosarcina sp. Strain TG-14 ¢} Paenisporosarcina sp

Strain TG-20) o] @vd AR AZol4 (0-10%) & A= AL &

x10,000 Apm
0000 17 Dec 2015

SEI 10kV
Sample

Fig. 3-3. W3} v A E (Paenisporosarcina sp. Strain TG-14) o] A=} dA v AR, F s}

Eo] dogl= wiA M= AE
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2. @ Bl A

O =A Wsn| A ESl Paenisporosarcina sp. Strain TG-14, Paenisporosarcina sp.
Strain TG-20 28] 3 ¥ A& Bacillus licheniformis Strain 9Fel <)
st ol FA B A EF29d 2 2d A

O 7] & 230 ¥y dds te) Ad Was 3 B A4

f
s

Paenisporosarcina sp. TG-14

locus_tag product_name length| Restriction |cloning | Expression solubility |Crystallization Diffraction def;:::i:'arteion
1 [TG14_00620 [small acid-soluble spore protein H 180 |Ndel/Xhol o X
2 [TG14_02190 Small, acid-soluble spore protein H 180 |Ndel/Xhol o] X
3 [TG14_13390 jsmall acid-soluble spore protein, H-type 183 |Ndel/Xhol (9] (¢] X
4 |[TG14_17660 protein sspF 189 |Ndel/Xhol [¢] X
5 [TG14_14400 jsmall acid-soluble spore protein 204 |Ndel/Xhol @] X
6 [TG14_13270 small acid-soluble spore protein alpha/beta type | 207 |Ndel/Xhol [¢] X
7 [TG14_13820 small acid-soluble spore protein Sspl 210 |Ndel/Xhol [¢] X
8 [TG14 05970 jsmall acid-soluble spore protein Tlp 222 |Ndel/Xhol o X
9 [TG14_13560 DNA-binding response regulator (GerE) 228 |Ndel/Xhol () (e) o o 0 ¢}
10 [TG14_22070 jsmall acid-soluble spore protein Tip 237 |Ndel/Xhol [¢] X
11 [TG14_31640 hypothetical protein 288 |Ndel/Xhol X
12 [TG14 31670 hypothetical protein 315 |Ndel/xhol O X
13 [TG14_32900 [spore coat protein gerQ 327 |Ndel/xhol [¢] e] e} X
14 TG14_26660 hypothetical protein 363 |Ndel/Xhol ¢] X
15 [TG14_15810 jhypothetical protein 375 |Ndel/Xhol o o X
16 [TG14_09020 jhypothetical protein 405 |Ndel/Xhol [¢] X
17 [TG14_32890 [cell wall hydrolyse involved in spore germination | 420 [Ndel/Xhol [e] X
18 [TG14_35610 jhypothetical protein 426 |Ndel/Xhol e}
19 [TG14_22100 fhypothetical protein 489 |Ndel/Xhol [e] X
20 [TG14_36390 [spore coat protein E 531 |Ndel/Xhol X
21 [TG14 35560 stage V sporulation protein T 537 |Ndel/Xhol [¢] X
22 [TG14_09030 (CotZ 540 |Ndel/Xhol [e] O X
23 [TG14_35120 hypothetical protein 573 |Ndel/Xhol o X
24 [TG14_29980 |spore germination protein GerD 594 |Ndel/Xhol [¢] X
25 [TG14 26330 spore coat protein 630 |Ndel/Xhol X
26 [TG14_30000 germination-specific amidase 714 |Ndel/Xhol o X
27 TG14_15660 stage 0 sporulation protein (Spo0A) 792 Ndel/EcoR1| O [¢] [¢] [¢] ¢} (]
28 [TG14_31630 jhypothetical protein 774 Ndel/Xhol [e] o X
29 [TG14 06090 hypothetical protein 774 |Ndel/Xhol o X
30 [TG14_31660 hypothetical protein 777 |Ndel/Xhol X
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31 [TG14_18780 [sporulation specific amidase 801 |Ndel/Xhol [¢] (€] X

32 |TG14_26580 |poylsaccharide deacetylase 804 |[EcoR1/Xhol [e] X

33 [TG14 09810 hypothetical protein 810 |Ndel/Xhol (€] (¢] X

34 [TG14_16640 hypothetical protein 834 |[EcoR1/Xhol o X

35 |TG14_27140 hypothetical protein 843 |Ndel/Xhol [e] (¢] X

36 [TG14 23900 hypothetical protein 846 |Ndel/Xhol o X

37 |TG14_08270 hypothetical protein 852 |EcoR1/Xhol o] X

38 [TG14 15830 hypothetical protein 903 |Ndel/Xhol X

39 [TG14_09000 'Stage V sporulation protein AD 1002 [EcoR1/Xhol X

40 [TG14_29900 hypothetical protein 1086 |Ndel/Xhol X

41 [TG14_29890 hypothetical protein 1104 [Ndel/Xhol X

42 [TG14 04220 hypothetical protein 1107 [Ndel/Xhol X

43 [TG14_35270 [glycoside hydrolase family 18 1137 |[EcoR1/Xhol X

44 |TG14_28270 fhypothetical protein 1164 [EcoR1/Xhol o X

45 [TG14 04230 hypothetical protein 1239 |Ndel/Xhol X

46 |TG14 18770 hypothetical protein 1290 [EcoR1/Xhol X

47 |TG14_19040 stage V sporulation protein AF 1323 |Ndel/Xhol X

48 |TG14_29910 spore germination protein 1476 [EcoR1/Xhol X

49 [TG14_33560 ftage IV sporulation protein A 1479 [EcoR1/Xhol X

50 [TG14_34520 stage V sporulation protein B 1506 [EcoR1/Xhol X

51 [TG14_04240 junnamed protein product 1593 [Ndel/Xhol X

52 |[TG14_31650 GerA spore germination protein 1614 X

53 [TG14_35570 membrane-spanning protein 1623 |Ndel/Xhol (@] X

54 [TG14_36350 |fhypothetical protein 1434 |Ndel/Xhol X.

55 [TG14_03760 periplasmic binding protein 948 |Ndel/Xhol @] o] [e] X
56 [TG14 16650 [germination protease 1050 [Ndel/Xhol X

57 [TG14_22980 sporulation sigma factor SigkE 708 |Ndel/Xhol [e] le] X

58 [TG14 16370 RNA polymerase sigma factor RpoD 1131 [EcoR1/Xhol (€] (€] [¢] X
59 [TG14_15190 RNA polymerase sigma factor SigB 789 |Ndel/Xhol (¢] X

60 [TG14 05080 [RNA polymerase sigma factor SigW 564 |Ndel/Xhol (@] X

61 [TG14 15240 RRsbT antagonist protein rsbS 363 |[Ndel/Xhol o X

62 |TG14 19050 jsporulation protein 783 |[EcoR1/Xhol (¢} (o] X

63 [TG14_04490 [RNA polymerase sigma factor SigD 774 |Ndel/EcoR1l X

64 [TG14_18780 isporulation specific amidase 801 |Ndel/Xhol o o X

65 |TG14_26580 poylsaccharide deacetylase 804 |EcoR1/Xhol (o} X

66 [TG14_ 36510 sporulation initiation phospk f I _J! o (¢] o
67 [TG14_27070 Hypothetical protein (Spo0B) 531 Ndel/Xhol (¢] O o (¢] On going
68 [TG14_04880 [carbon storage regulator, CsrA 222 |Ndel/Xhol (¢] X

69 [TG14_06910 S-ribosylhomocysteinase 471 |EcoR1/Xhol o o [e] o
70 [TG14_24730 MarR family transcriptional regulator 444 Ndel/Xhol O (9} ¢} On going
71 [TG14_23660 transcriptional repressor CodY 780 |Ndel/Xhol o o [¢] o
72 |TG14_25180 RNA polymerase factor sigma-70 648 |Ndel/Xhol o o [¢] X
73 |TG14_30190 |Adenylate kinase 654 |Ndel/Xhol ¢} ¢} (¢} X
74 |TG14_14660 [Translocase, ftsK 1413 |Ndel/Xhol [On going|

75 |TG14_23950 ftage III sporulation protein E 1422 |Ndel/Xhol [On going

76 [TG14_32890 lell wall hydrolyse involved in spore germination Ndel/Xhol [On going;

77 [TG14_23930 dihydrodipicolinate synthase Ndel/Xhol [On going

78 [TG14_33810 dihydrodipicolinate reductase Ndel/Xhol [On going

79 [TG14_.19940 dihydrodipicolinate synthase EcoR1/Xhol [On going




Paenisporosarcina sp. TG-20
length(bp) Enzyme site Cloning |Expression | Solubility | Crystallization | Diffraction def::‘r::it:ar;on
GPR 1020 Nde1/Xhol [ o o o o o On going
GerD 528 Ndel/Xhol o o o X X
Yfiy 888 Nde1/Xhol 0 o 0 X X
Soj 762 Ndel/EcoR1 X
SirA 456 EcoR1/Xhol 0 o X
Spo0A 792 Nde1/Xhol 0 o X
SpoOF 360 Ndel/Xhol o X
Bacillus 9F
length(bp) Enzyme site Cloning |Expression | Solubility | Crystallization | Diffraction def::::i:lar;on
GerD 498 Nde1/Xhol 0 X
SirA 903 Nde1/Xhol 0 X
SleB 429 Nde1/Xhol 0 X
GPR 1107 Ndel/Xhol e o o o o On going
Soj 762 Ndel/Xhol O O X
SirA 438 Nde1/Xhol ,
Spo0A 801 Nde1/Xhol 0 o 0 X X
SpoOF 375 Nde1/Xhol 0 o X
3. Az dud il 24 A
S ol obx G o] Fd g Az 2
- AE ueHel WEe Bl el audel g3 wuel ¥ 2% T B
A
S|
. B welde] §14 g
o AEY wad wE 9 A ZRED gy
- B ARl Wb A guld e wuew TRele] gl
s A=
- dhg sy g o] golubility ¢ foldingS 4 Al7]a AAE &o)3HA 317
el thekst fusion @A Hel® W Ax (His tag fusion: pET
vectors, GST fusion: pGEX vectors, MBP fusion: pMAL vectors)
ogEl A WA A e vwdn g owwy ge Aole AN E:
baculovirus& ©]-§3 23] A& & A|28S o]&3to] HH AL
- 2" awEe]  dske]  affinity  chromatography, ion  exchange

chromatography, gel filtration chromatography

A
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g tef = AW GPAES ol & F=
al

Wz o] AHAJEA dynamic light scattering, native gel, mass spectrometry
T o]&ste] @A =4k Y AAS} ofFE gl dFAl wwd 44
st 98l A+= homogeneous JENS] wuldo] g o X 7] ol 9]¢ 3

i)
7 e Es wwde JuE shelstn A4 buffer A% AF @

- AAE GE S o] gate] 1w 23 7HA] o4k £ & Screening sho] @

- ¥387F&7] A4 (PAL), €9 Photon factory %+ "=l Argonne
National Laboratory’s Advance Photon Source (APS) ¥A}4S o]-&3fe] 11
ol =] X-Mo=zHe dwxd Aol 3 doly 3

- Se-Met #|&+¥ W) Ao 4] multi-wavelength anomalous diffraction (IMAD)

datas ¥o] phase A= 14
ok B2l gelAd o] ms e AR sl 2
- oA % ZAA: Solve, Resolve, MOLREP, Auto Sharp, arp/wARP, CNS,
REFMAC, BUSTER-TNT %9 program< ©]&3lo] phaseA 23}

refinementZE 43}

)
A

A
a3

- wulde] 34 TxE AW ¥ B4 B9, A5Aed Fod $98 ¥ 2
]

Y P AL F A B
- FERANE B3 Foldl B Ti JIAE LT Sdvo 9MAE2 of
¢ Asterd 49 B 43
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. ’...']( Functional analysis & comparison _2

Fig. 3-4 ©@9a 3282 A7 work flow

A z2d A4 Ay

R i i b R R B

—
2

7}. Paenisporosarcina sp. Strain TG-14 7|AE F2 Spo0A regulation

domain (Spo0A-R) 7% 7|5 4+
~ Spo0A<Q] QIAkstel &) fFEHE x4 Wt o mE Jdadd o
IU+E AT
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Histidine Kinase Signal

Sensor

domain :
Auto
kinase : .
domain : o
ATP  ATP ATP ATP Phosphatase
domain E “ Phosphatase

Spore formation
gene Expression

Phospho- 0 0 s o.‘ 0
transferaseé Spo0B [| Spo0B . SpoOB | Spo0B o
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(A) (B) Inactive (unphosphorylated) SpolA
Active {phosphorylated) Spo0A

(C)

Fig. 3-6.. &4 A PaSpo0A-R (&<lxkstd Abe])ol &4 A4l BsSpoOA (14kstH
dEDel =4 Hlal (A) =245t AE e PaSpo0A-R, vFidls oo At dse B
T A5 (B) 43 A9 BsSpoOA-R (PDB code 1QMP)¢t #H3S =3+ njw, <43}
ol dFew Bo-ad el Fo WEkel al-p2 P FEo WEgS g
(C) =27 e e] PaSpoOA-R &dl. (D) &4 49l BsSpoOA-R &t (E) Ce D
S AHAAM Z7]9 W3 g9l Leu8S main chain®l carbonyl oxygeno] ¢l4s}e] ule} -2

O

o
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Fig. 3-7. o] Al #FAol #dst= 4l =wlle] e #Hoo2 (A) o|FAE olF& F4
=vels AYE dwdEe E v (Spo0A, Narl, DesR, KdpE, PhoP, YycF, KdpE)
(B) BsSpo0OA-R (PDB code 1DZ3)9] 4%, abytA S 2¢tFsle] o|gA A (C) KdpE
(PDB code 1ZH4)9] 7%, a4-B5-a5 79 ClgHAo|AE E&| oAl dA (D) Response
regulator sprl814 (PDB code 4E7P)9] 7%, N¥© 41 =d 1y Cdd DNA Z3 =
ol Aloleo] AA HES E&| o]FA= o] (E) DesR (PDB code 4LE0)e] 4%, al¥ o5

widel g 29S8 olgAE IA
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® Full-length PaSpo0A

16238 (13.25660a) med = 0004814

Fig. 3-8. Analytical ultracentrifugation (AUC)Z ©]&3F PaSpoOA-R ¥} PaSpo0A 7 A <]
#24 (A) PaSpoOA-R @&k &<l (B) A A] PaSpo0A HE3F w2 gl

0.01% 0%
@) .

Fig. 3-9. @wdAx wjdeA 4
PaSpo0A 2] o]&A] (A) GlutaraldehydeZE ©]
43 crosslinking 4 32 PaSpo0A H-#7 o

2 oAl Ee= uHAE INTE BAAE

(B)

o e 25 ad-B5a5 FES =T
oz Yl (O) 254 23Ed #2247
o] = F&e] QlEHolAE o)F
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(A) (B)

RMSF Comparison

———ta SoctA actie

RMSF (A)

Fig. 3-10. Spo0A¢} DNA Z&A ZAFE 2d (A) A4z W& Spo0A-Re] RMSF H

i =
u, WA o R FAGE FEelA Avd WEs Bl (B) REHS Fd A SpoOATE 2
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. Paenisporosarcina sp. Strain TG-14 WA E @ Spore FA %794
.]
o

Arkst e E A B (SpoOB) AAl 2 A3t A

Purification of Spo0B

Sporulation initiation phosphotransferase B

pET28a Cloning | s

Expression using
E coli Expression system

| Cell lysis (sonicator) | *
| Centrifugation | %0
His-tag affinity -
chromatography
-Ni-NTA resin
o L r ll |2 '3 |-4 |5 IG ]7 ‘8 |9 PU]IlFZP}FJP}FGP?IIEF?FOF]FZFZF&FjFGF‘/F&FL‘JPﬂP)F2F3P4P5F0]37
15 ) EJ ab sb C3) 70 =b b 160 i

Thrombin treatment

1W2 E1 E2 R
L g
Size exclusion
chromatography 24 Wl
-Superdex 200 . - ﬁm‘
15|» -
15>

Fraction concentration
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Crystallization of TG-14_Spo0OB

0.05 M Ammonium Sulfate
0.05 M Bis-Tris:HCI pH 6.5

SpoO0B Data collection

Shell Lower Upper Average Average Norm. Linear Square

limit Angstrom I error stat., Chi**2 R-fac R-fac Rmeas Rpim CC1/2 cc*
50.00 7.86 8286.8 167.2 109.4 3.710 0.048 0.059 0.054 0.024 0.994 0.999
7.86 6.24 4754.3 77.6 39.8 3.894 0.052 0.061 0.058 0.024 0.998 0.999
6.24 5.46 2803.4 44.2 25.2 3.920 0.055 0.065 0.060 0.024 0.998 0.999
5.46 4.96 2971.1 47.2 25.9 3.552 0.051 0.056 0.055 0.022 0.998 0.999
4.96 4.60 2872.5 45.0 25.0 3.511 0.051 0.056 0.05S 0.022 0.998 1.000
4.60 4.33 2679.7 43.5 25.3 3.453 0.053 0.058 0.058 0.022 0.997 0,999
4.33  4.11 1972.7 33.7 21.8 3.348 0.057 0.060 0.062 0.023 0.998 1.000
4.11  3.94 1516.8 27.9 1%.4 3.184 0.062 0.082 067 0.026 0.997 0.999
3.94  3.78 1248.9 25.0 18.6 2.635 0.062 0.060 067 0.025 0.997 0.999
3.78 3.65 908.6 21.6 17.4 2.728 0.075 0.070 082 0.031 0.937 0.993
3.65 3.54 787.6 21.3 18.0 2.528 0.082 0.071 089 0.033 0.997 0.999
3.54 3.4¢ 532.8 18.4 16.5 2.489 0.102 0.087 111 0.042 0.995 0.999
3.44 3.35 4ss.2 18.1 16.6 2.274 0.116 0.101 125 0.047 0.992 0.99%8
3.35  3.27 374.4 17.2 16.1 2.143 0.130 0.099 140 0.053 0.995 0.999
3.27  3.19  292.7 17.4 16.7 2.021 0.157 0.120 170 0.064 0.993 0.998
3.19  3.12 21e.2 16.3 15.¢ 1.999 0.201 0.137 217 0.082 0.992 0.998

30% (v/v) Pentaerythritol Ethoxylate (15/4 EO/OH)

3.06 3.00 125.8 15.7 15.5 1.860 0.330 0.214 0.357 0.134 0.983 0.99¢

5 il 3.00 2.95 84.8 15.7 15.6 1.733 0.453 0.324 0.491 0.186 0.958 0.989
» All reflections 1516.1 32.5 22.¢ 2.663 0.067 0.062 0.073 0.028

g

ocoooooooo

Fig. 3-11. Spo0B®] A7 2435t 3 31429
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t}. Paenisporosarcina sp. Strain TG-14 "% @ Spore FA4 Z7]¢HA

At E e F (Spo0F)e] +3& A

Rap
Phosphatase

lmabmnharydal-‘m

Spo_r'-_'ia_tion Phesghorylation Phosphorylation
Gosepe| > | SBOOF | = | 5po0B

B2 o2 B3 a3

PaSpolF : ————-—- ME I EK%E% A NG A L TR 70
BSSpOF 1§ ====-= = L1 ENR e YO F R aile 1ok VI ¥
BtSpoF 1 ===-= L EQ Y ) P : EI : 71
HmSpoOF : B 502 LR IVDVTAE LR e (RN KR : 74
NtxX_RD : I v RQ : 73

PaSpolF : TP 3 119
BsSpoF : 124
BtSpoF : 122
HmSpoOF : : 125
NtrX_RD : ¢ 126

Fig. 3-12. PaSpoOF2] @l M3 2 (A) PaSpoOF2l AA %<l 2 (B) SpoOFe] ¢l
2bsk As e mA % (CP PaSpoOFet thE A& A dAds 7o) AMd Hln, Q1ikst

2719 Asp wIhdlo g A

LY5-102 i LYS-102

Fig. 3-13. &214tst e (E&Adshet datst A (24339 PaSpoOF % H|
(A) EA4kst el PaSpoOF X-ray 274 % (B) A48 JEle] PaSpo0F Zdd F+x
(C) PaSpoOF7} Ql4tstg el wel 54 A F-99 vHESY I |3yt AF
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t}. Paenisporosarcina sp. Strain TG-14 7| A& 2] Spore coat &d =4
A (GerE) AAl, AA 3}, FRMA AT

Crystallization of TG-14_GerE

Crystallization Condition

PEG/Ion_A6 SG-1_D8 SG-1_A10

0.2 M Sodium Chloride 0.1 M Bis-Tris pH 6.5 0.2 M Lithium sulfate

20% w/v PEG 3350 20% PEG 5000 MME 0.1 M Tris PH 8.5
30% PEG 4000

GerE Data collection

m””HWUHIIIIMMmmm"....mnmmummmmm"nnumnnulllll\Wﬂmm
Summary of and rs by shells
S R linear = SUM { ABS(I - <I3)) / SUM (I)
= .: S B R square = SUM ( (I - <I>) ** 2) / SOM (I ** 2)
- Chi**2 (= SUM ( (I - <I3) ** 2) / (Ezgor ** 2 * N / (8-1) ) )
2 - In all sums single measurements are excluded
Shell Lower Upper Averlqe Average Horm. Linear Square
limit  Angatrom error stat. Chi**2 R-fac R-fac Rmeas Rpim CC1/2  CC*
50.00 5.70 9825. 2 156.2  95.0 5.334 0.061 0.072 0.065 0.020 0.994 0.939
5.700,4.52 11862.3., 169.0 92.6 5.048 0.058 0.068 0.061 0.012 0.995 0.999
4.52 | 3.95 14194.5 | 201.6 . 92.6 S5.389 0.059 0.072 0.063 0.020 0.996 0.999
3.95073.59 10279.0,' (119.9 52.1 s5.788 0.062 0.073 0.066 0.013 0.996 0.939
3.5 3.33 7248.3 22. 37.7 5.772 0.069 0.082 0.072 0.020 0.996 0.993
3.333.24 4s84.2
3.14  2.98 3132.1

2.7
9.1 24.9 5.160 0.070 0.079 0.073 0.019 0.998 1.000
36.4 20.6 5.178 0.078 0.082 0.081 0.021 0.998 0.993
2.%8  2.85 2382.5  28.0
24.0
19.9

16.9 5.246 0.082 0.095 0.091 0.024 0.99% 1.000

2.85 2.74 1865.2 15.4 5.054 0.099 0.100 0.103 0.026 0.997 0.999

2.74 2.65 1402.5 . 13.7 4.746 0.117 0.113 0.121 0.031 0.998 0.999

2.65 2.56 988.0 15.6 11.8 4.37%9 0.136 0.128 0.140 0.035 0.997 0.999

2.56 2.49 £75.9 14.9 11.5 4.153 0.147 0.135 0.152 0.038 0.997 0.99%9

2.49 2.42 732.8 13.7 11.1 3.886 0.164 0.165 0.169 0.041 0.997 0.999

2.42 2.3 618.9 13.2 11.1 3.793 0.193 0.180 0.199 0.0428 0.996 0.999

g 2.37 2.1 622.1 13.5 11.2 3.614 0.198 0.190 0.204 0.049 0.995 0.999
2.31 2.26 546.3 12.4 10.7 3.644 0.212 0.235 0.218 0.052 0.994 0.99¢

2.26 2.22 466.0 11.9 10.6 3.304 0.241 0.264 0.248 0.052 0.994 0.99%9

2.22 2.18 4224 11.9 10.7 3.140 0.270 0.282 0.278 0.066 0.996 0.999

2. . 0. . 3.222 0.351 . . . 0.989 .
""W”l“""" |||||Hl||IIIIIIl|l||umnu|||||||lIIIIIII|]||”"“”"”“"mHHH ALl seflections 3567.6  43.5  28.0 4.306 0.085 0.078 0.088 0.028

Structure of GerE
- Resolution : 2.1 A

- Space group : P64

- R VALUE : 0.189

- FREE R VALUE : 0.251

Fig. 3-14. &3S 913 GerEe]l A4 3tol 3|4 A3, GerEel AA st 34 A3 F3.
23 GerESl 7+F%E ¥ DNA9 Z%3:= helix-turn-helix EEZE XY 925 3
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Fig. 3-15. Analytical ultracentrifugation (AUC)E GerE9] thaA] FA o F B4

1.

o

ol 95% 7l#S ddAR FAHJAAT 5% 7t ol#ZA = &<l DNA| 23t uf

H O
olFAE olE Aom o4

&

BSA _ GerE

i e L m <~— Free DNA

!I ; m ﬁ*ﬁg <«— GerE-DNA complex

1 2 3 4 5 6 7 8

Fig. 3-16. Electrophoretic mobility shift assay (EMSA) 2 &% %3 GerE9 A¢H9 &
2. CotBe] ZRRER FAEE F9d GerE @ do] A%
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2. 230 AHA TA] 2EEAR dojrts @AY =4 @i o
:[1

7}, Paenisporosarcina sp. Strain TG-20 "% @ germination

protease (GPR) ¢ +x-7]% A

Crystallization of TG-20_GPR

Crystallization Condition

SG-1_E5 SlatRx_A2 / MCSG2_B7
3.5 M Sodium formate 2.8 M Sodium acetate trihydrate pH 7.0
0.1 M Bis-Tris Propane pH 7.0

.
TG-20_GPR Data collection
z . > Shell Lower Upper Average Average Norm. Linear Square

: 3 limit Angstrom I error stat. Chi**2 R-fac R-fac Rmeas Rpim CC1/2 ccr
50.00 7.86 6239.3 124.7 89.0 4.796 0.060 0.068 0.064 0.022 0.994 0.998
7.86 6.24 4029.3 48.9 28.1 4.442 0.063 0.070 0.065 0.017 0.997 0.999
6.24 5.46 3210.5 33.6 20.1 4.353 0.066 0.074 0.068 0.017 0.998 1.000
5.46 4.96 3866.3 39.4 23.2 4.455 0.065 0.073 0.067 0.016 0.998 1.000
4.96 4.60 4806.8 46.8 26.0 4.523 0.064 0.070 0.065 0.016 0.998 1.000
4.60 4.33 4293.4 43.5 25.5 4.501 0.067 0.071 0.069 0.016 0.999 1.000
o 4.33  4.11 3127.1 31.7 20.0 4.305 0.072 0.075 0.074 0.017 0.999 1.000
Y AL g SR 4.11 3.94 2360.7 26.2 18.3 4.222 0.079 0.080 0.082 0.018 0.999 1.000
5 '. : 5 ) e 3.94 3.78 1837.0 21.3 15.4 3.928 0.086 0.085 0.089 0.020 0.998 1.000
» ~ [ ] S 3 3.78 3.65 1535.8 19.4 14.6 3.741 0.095 0.089 0.097 0.022 0.999 1.000
3 % . % ) 3.65 3.54 1465.1 18.8 14.3 3.624 0.099 0.093 0.102 0.023 0.998 1.000
: v /i 3.54 3.44 1056.9 15.9 12.9 3.350 0.117 0.108 0.120 0.026 0.998 0.999
A 5 5 3.44 3.35 843.9 14.8 12.5 3.039 0.138 0.113 0.142 0.031 0.998 1.000
L . . s . .- 3.35  3.27 668.4 13.5 11.9 2.812 0.161 0.140 0.165 0.036 0.998 0.999
- . . 5 R 3.27 3.19 592.5 13.5 12.0 2.698 0.183 0.161 0.188 0.040 0.997 0.999
i . Gl . - 3.19 3.12 500.8 13.0 11.8 2.506 0.212 0.180 0.217 0.047 0.997 0.999
. E 1 . 3.12 3.06 407.6 12.8 11.8 2.372 0.262 0.224 0.269 0.057 0.997 0.999
B ) b 5 3.06 3.00 337.9 12.5 11.8 2.264 0.306 0.288 0.314 0.067 0.995 0.999

X . = 2. . 2. 0 2

H”H “”“ All reflections 2024.4 27.2 9.0 3.391 0.093 0.082 0.096 0.022
‘"Vm”“mN“|||[""]||||Ilnm. «.m||II|1"|”"l|I”||||||H””Wﬂ“
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Fig. 3-17. GPR®] Z7gste} 314 AF, GPRY A Al Fx. oFAE o|F1 A

Fig. 3-18. GPR9] +x% EA. GPRS ¥ o] AHd A= Zymogen BElZ &4 54 Al
o 93A N-termel #IAstx = A=ALD (Feha)o] "ol yrta &g st et
. dd 95 2W Lys637 GInl970] a2 48&S st . 7 A71¥RE ofyE His

204 T3 Zymogen©] A3} FH U T2 IS s Aow HY
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. Bacillus licheniformis Strain 9F v 2]o} 3] Germination protease &

WAool A R AAs ¥

- AXA v AEl Paenisporosarcina sp. Strain TG-20 3 GPR¥I} H|x

AT E 9

pET28a Cloning

Expression using
E. coli Expression system

A2 A= GPR A9 oA

Purification of 9F_GPR

Germination Protease of Bacillus 9F

ﬂﬂﬂﬂﬂ

fCorruT_l;m: Superdex 200
-Byfferz 20 mM Tris-Ci (pH 8.0), 150 mM

“Flow rate: 1 ml/min
Faction'size:2 ml
4

[

NaCl

.

| Cell lysis (sonicator) { \ N,
0 1 1 . }
‘ ‘ 0 \a\\H “'.‘ /./ -..\ //\\ i \I\ I \
| Centrifugation P R i ~1 N /\ A
- L.H-“‘ ]_u [ _T"\z JJ ! :Lg I; r I.f"._L / HM
- —— 0 bl | = i N, ) |
His-tag affinity 3 LI no T i \ Yo 'S 5““_]"'"‘\
chromatography i 1 n g ’I{ \ W i g
-Ni-NTA resin T AT W /4 AT
[ (303 (7 6 |7 |2 |2 o aprfep s pape poja | =
b o0 ) ESC) ado =00 oo'o oo [ ™l

Thrombin treatment

Size exclusion
chromatography
-Superdex 200

Fraction concentration

15

>
2SS -
3 '

M 45 6 7 8 9101112 1314 15 16
17
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1. 9F_GPR (cut)

Concentration

1. Cut:13mg/ml

2. Uncut:12mg/ml

3. M&:5.5mg/ml

Final buffer : 20 mM Tris-HCI (pH
8.0), 100 MM NaCl, 2 mMDTT

PEG/lonA8 - 0.2 M PEG/lon C5-0.2 M Wizard 384 F7 — MMT

potassium chloride, potassium acetate, (pH 6.5), 25% PEG

20% PEG 3,350 20% PEG 3,350 1,500

2. 9F_GPR (uncut) 3. 9F_GPR (5.5mg/ml

PEG/lonC5-02M Wizard 3&4 F7 — MMT PEGRx 1&2 F50.1 M Wizard 3&4 F7 — MMT
potassium acetate, (pH 6.5), 25% PEG HEPES (pH 7.5), 0.2 (pH 6.5), 25% PEG
20% PEG 3,350 1,500 M L-Proline, 24% PEG 1,500

1,500

35A

Crystal size — approximately 0.4 x 0.04 x 0.04 mm Resolutions - 3.5 A

Fig. 3-19. 9F_GPR<e| A<} wld A3l 2 31d Ay
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7}. Paenisporosarcina sp. Strain TG-14 " AE F# vs|=ztyZd4
st @ 4 (Dihydrodipicolinate synthase; DHDPS)

Sporulation
L-aspartate- Dipicolinate (DPA) synthesis
semialdehvde f
H CO5H dihydrodipicolinate tetrahydrodipicolinate
Y 5 &
o A DHDPS DR
g dapA = dapB
o /'\/ S
CO gH HO,C N CO,H J HO,C N CO ,H
\H/ NADPH NADP- |
|
0 : dapC
pyruvate | daD
|
: dapE
| dapF
|
W
L-Lysine meso-diaminopimelate
0 (m-DPA)
lvsd
HN « ¥  Ho,C 00 ,H
o T
NH; NH, NH,
L 4

Component of peptidoglycan structure
in bacterial cell walls

Fig. 3-20. dYsl==zvyFdil (DHP) ¥ 224 %.  DHDPSE  pyruvate®t
L-aspartate-semialdehyde (ASA)E o]&3] DHPZ &A% . DHP: DPA &4 = Ax
Edoln, Lysisne ¥4 A=Rd= x3 . L0l  Lysine @4 A=Y
meso-diaminopimelate (m-DPA)E Hdre|g]ole] M IS FAsts A=Y F8 2

9]

In]
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08

07

(-IDHPS{(-IDHPR

06

04

= (+)DHPS (-)DHPR

03
= (+)DHPS(+)DHPR
+1mid ASA 100l

02

01

Fig. 3-21. DHDPS®} DHDPRE &7 o] &3 &A=4 Az DHDPS2 AA =<l DHP
= 3oz EQkAsle] o] oy g, welA DHPY A9 ASAE ©]83] DHDPR
I DHDPSE &7 w8 A# DHDPR® co-factor¢! NADP)HY ZrA#HS e d+= WH

o7 54 84 FA
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. Paenisporosarcina sp. Strain TG-14 WA E #

3191 & 4 (Dihydrodipicolinate reductase; DHDPR)

- DHDPR< t3Zd2HDPA)Y S =247

- NAD(P)H= DHDPR®] co-factor® Z+-&

- DPA+ DHDPR®] SAA =

2§

EEEEEE TR,

Time (min) Time (min)
10 20 30 40 0 10 20 30 40
0.02 T T T T T T T T T
(| | 0.0 P T T T T T T
000 & L VT HH'““(
-0.02 -0.20+ ' 4
3 3 ]
8 004 £ p.404 B
[ [
5 0064 g 1
-0.60 -] B
-0.08 -
-0.10 T -O'BO_I T T T T T ]
1.00 4 -‘_.,.l'
e = =T
c c 1.0+ _.—'
%ODD— pgEeeSguigiEEEnEenEg - g L]
1 @ A
= = _4'
‘S -1.00 ‘5 2"y »
5 5 -
E oo E 404 ) o
@ © ;
g k] /A
-3.00 T T T T T T T
05 1.0 15 20 25 0.0 05 1.0 15 20 25
Molar Ratio Molar Ratio
Fig. 3-22. ITC #4& %3 NADH® NADPH ZA3sts &<l (A) NADH Hs (B)
NADPHel| tiate] 453 23 545 B
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Table. Kinetic parameters of PaDHDPR

NADPH (constant DHDP) NADH (constant DHDP) DHDP (constant NADPH)

Kin (M) 22+ 14 43 + 8.9 12+ 16
keat (87 55+ 12 71+01 52411
keat/ K (s7H/M) 25+ 02 017 = 0.04 44 + 06

Data are presented as the mean = SD of three different experiments.

c 50 = £ 50

< £ £

2 2 2

S o . S 40

o o o

] ° . S 30.

£ By £

G 20 G G 20

® ) o

= = =

S 10 o S 10

E E |/® E

=' 0 T T T T T 1 i 0. T T T T 1 =' 0 T T T T 1

0 20 40 60 80 100 0 50 100 150 200 0 50 100 150 200
[NADPH] pM [NADH] uM [DHDP] pM

Fig. 3-23. NADH®} NADPHe| w2 24 ¥lal. NADPH7F NADHe H]3] 9534 =2

A

Fig. 3-24. NADPH¢} DPA7} A%tst DHDPRe| +xRd. 7| do] Agst= C-2yd =ul
3} co-factor’} A¥st= N-2d =HQlo®w throly.
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O Azl Hx
A W MEZEE ol FEHZ JdE wAEe By ¢ F
13 = _ .
Aol FAo| Bt AR E FH " BN
; ol JEduiel MEEE Jeidue] oA wd A |
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PREE G g anae) manE aars oy
AR | Fx] W g Ee] ol A WIS A A
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Table 4-3. & AF7Re] A2 A3
A EiE T AN 23 9=
B W5t m| A E 2% (Paenisporosarcina sp. Strain
B B TG-14 ¢} Paenisporosarcina sp. Strain TG-20)
Wl Z 25 H
A= g1
A Et o ] 100%
(2014) gl Aol A Wt E vAELY v AFE 95y
pa = -
/: 4w o= G5 BEFo|A Ead LA #F Bacillus
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TG-14 ¢} Paenisporosarcina sp. Strain TG-20)
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e ] 9 2o Aeduel MEREd e e
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