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Background

Process: Transcription Process: Translation

Purpose: RNA synthesis Purpose: Protein synthesis

Location: Nucleus Location: Cytoplasmata
Ribosome

DNA RNA Protein
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Background

Amino acid

1 A specific amino acid 2) The amino acid is activated 3  The correct tRNA binds
and ATP bind to the by the covalent binding of to the synthetase, The
aminoacyl-tRNA AMP, and pyrophosphate is amino acid is covalently
synthetase. released. attached to the IRNA.

AMP is released.
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4  The charged
tRNA is released.



Background
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Background
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Rother, M. & Krzycki, J. A. Archaea, (2010).
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Background

L UAA: - () @ G @
HN J\O -
HZN/PCOZH -
i 31 kDa - ’ u
W 24 kDa s
:\\q | —
-
H,N“">CO,H
n— Yield in GMML (mg/L): 71 40 30 42 120
Xiao, H. et al. ACS Chem. Biol. 9, 1092—-1096 (2014).
2022/1/16

Enzyme Engineering 7



Background

Chemical-induced protein activation

X: caging group

M

Key lysine

Caged protein Native form

Inactive Active
a Li, J., Chen, P. R. Nat. Chem. Biol. 12, 129-137 (2016).
Computationally aided and genetically encoded proximal decaging (CAGE-prox)
49— Functional site @ Native residue P@— Proximal cage 4)— Anchor residue
Computational . ,
identification Proximal Proximal
= caging decaging
Experimental ’
validation S
Native Native Inactive Active

Wang, J. et al. Nature 569, 509-513 (2019).

2022/1/16 Enzyme Engineering 8



Scientific Concerns

COOH COOH COOH COOH COOH COOH
HaN HoN HoN /W\ HoN HoN HaN
N
|
cl ﬁ*’
1 NO, 2 on 3N 4 OCH; 5 Ca. l
CcooH CcooH GOOH COOH COOH COOH
TRVEN TRVEN TN TRVEN S TRVEN
r
v

Methanosarcina barkeri
"Methanosarcina barkeri (strain Fusaro / DSM 804) ]
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DSM 2834 / JCM 12185 / C2A)
Methanosarcina mazei (strain ATCC BAA-159 /

+DSM 3647 / Goel / Gol / JCM 11833 / OCM 88)
(Methanosarcina frisia)
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* More residue-based unnatural amino acid
* Enzyme from other organism
* Rational design of binding pocket

* |dentification of catalytical residue

Hohsaka, T., Sisido, M. Curr. Opin. Chem. Biol. 6, 809-815 (2002).
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Work flow

B=-

Protein Data Bank Sequence Alignment

— 7

Pocket Prediction

Hot-Spot Finding

— [ih,

Pocket Fetch Residue Statistics
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Crystal structure available in PDB

UniProtkB - Q8PWY1 (PYLS_METMA)
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2Q7G
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2ZCE
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2ZIN
2210
3QTC
VOV
VOW
3VOQX
4BWY
ABWA
4CH3
4CH4

X-ray
X-ray
X-ray
X-ray
X-ray
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X-ray
X-ray
X-ray
X-ray
X-ray
X-ray
X-ray
X-ray
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265 A
18 A
19 A
21 A
18 A
21 A

1.79 A

206 A

175 A
19 A
24 A
2.3 A/B/C/D

235 A

2A5 A

2.28 A

216 A

22 A
205 A
19 A
15 A
135 A
225 A
2.14 A
271 A
205 A
15 A
195 A
235 A/B
2.76 A/B
148 A
144 A
151 A

Enzyme Engineering

A-ray
X-ray
X-ray
X-ray
X-ray

X-ray

X-ray
X-ray

X-ray

X-ray
X-ray
X-ray

X-ray

X-ray
X-ray
X-ray

18 A
15 A
155 A
184 A
144 A
138 A
14 A
1.75 A
158 A
147 A
137 A
19 A
25 A
209 A
159 A

19 A
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Residues In total
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Frequency Statistics
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Highlight Residue in Mm

10 20 30 40 50
MDKKPLNTLISATGLWMSRT GTIHKIKHHE VSRSKIYIEM ACGDHLVVNN
60 70 80 90 100
SRSSRTARAL RHHKYRKTCK RCRVSDEDLN KFLTKANEDQ TSVKVKVVSA
110 120 130 140 150
PTRTKKAMPK SVARAPKPLE NTEAAQAQPS GSKFSPAIPV STQESVSVPA
160 170 180 190 200
SVSTSISSIS TGATASALVK GNTNPITSMS APVQASAPAL TKSQTDRLEV
210 220 230 240 250
LLNPKDEISL NSGKPFRELE SELLSRRKKD LQQIYAEERE NYLGKLEREI
260 270 280 290 300
TRFFVDRGFL EIKSPILIPL EYIERMGIDN DTELSKQIFR VDKNFCLRPM
310 320 330 340 350
LAPNLYNYLR KLDRALPDPI KIFEIGPCYR KESDGKEHLEEFTMLNFCQM
360 370 380 390 400
GSGCTRENLE  SITDFLNHL GIDFKIVGDSCMVYGDTLDV MHGDLELSSA
410 420 430 440 450

VVGPIPLDRE WGIDKPWIGA GFGLERLLKY KHDFKNIKRA ARSESYYNGI
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Visualization of hot spot residues
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Exploring the pocket of Mb Pyl ligase
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Expect Method Identities Positives Gaps

MDKKPLDVLISATGLWMSRTGTLHKIKHHEVSRSKIYTEMACGDHLVVNNSRSCRTARAF
MDKKPL+ LISATGLWMSRTGT+HKIKHHEVSRSKIYTEMACGDHLVVNNSRS RTARA+
MDKKPLNTLISATGLWMSRTGTIHKIKHHEVSRSKIYTEMACGDHLVVNNSRSSRTARAL

RHHKYRKTCKRCRVSDEDINNFLTRSTESKNSVKVRVVSAP-KVKKAMPKSVSRAPKPLE
RHHKYRKTCKRCRVSDED+N+FLT++ E + SVKV+VVSAP + KKAMPKSV+RAPKPLE
RHHKYRKTCKRCRVSDEDLNKEFLTKANEDOTSVKVKVVSAPTRTKKAMPKSVARAPKPLE

NSVSAKASTNTSRSVPSPAKSTPNS— === == === === — e S
N+ +A+A + S+ P+ + ST +S S
NTEAAQAQPSGSKFSPAT PVSTQESVSVPASVSTSTSSTSTGATASALVKGNTNPITSMS

VPASAPAPSLTRSQLDRVEALLSPEDKISLNMAKPFRELEPELVTRRKNDEFQRLY TNDRE
P A+AP+LT+50Q DR+E LL+P D ISLN +KPFRELE+EL++RREK+D+Q++Y+++RE
APVQASAPALTKSQTDRLEVLLNPKDEISLNSGKPFRELESELLSRRKKDLOQQTIYAEERE

DYLGKLERDITKEFEFVDRGEFLEIKSPILIPAEYVERMGINNDTELSKQIFRVDENLCLRPM
+YLGKLER+IT+FEFVDRGFLEIKSPILIP EY+ERMGI+NDTELSKQIFRVDKN+CLRPM
NYLGKLEREITRFEFVDRGEFLEIKSPILIPLEYIERMGIDNDTELSKQIFRVDENEFCLRPM

LAPTLYNYLRKLDRILPGPIKIFEVGPCYRKESDGKEHLEEFTMVNECOMGSGCTRENLE
LAP LYNYLRKLDR LP+PIKIFE+GPCYRKESDGKEHLEEFTM+NEFCOMGSGCTRENLE
LAPNLYNYLRKLDRALPDPIKIFEIGPCYRKESDGKEHLEEFTMLNFCOMGSGCTRENLE

ALTKEFLDYLEIDFEIVGDSCMVYGDTLDIMHGDLELSSAVVGPVSLDREWGTIDKPWIGA
++I +FL+ L IDEF IVGDSCMVYGDTLD+MHGDLELSSAVVGP++LDREWGIDKPWIGA
SIITDFLNHLGIDFKIVGDSCMVYGDTLDVMHGDLELSSAVVGPIPLDREWGIDKPWIGA

GFGLERLLKVMHGFKNTKRASRSESYYNGISTNL 419

GFGLERLLKV H+FKNIKRA+RSESYYNGISTNL
GFGLERLLKVKHDFKNTKRAARSESYYNGISTNL 454
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Compositional matrix adjust. 335/454(74%) 388/454(85%) 35/454(7%)
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Alignment to Mb

10 20
MDKKPLDVLI SATGLWMSRT
60 70
SRSCRTARAF RHHKYRKTCK
110 120
PKVKKAMPKS VSRAPKPLEN
160 170
PAPSLTRSQL DRVEALLSPE
210 220
TNDREDYLGK LERDITKFFV
260 270
KQIFRVDKNL CLRPMLAPTL
310 320
KEHLEEFTMV NFCQMGSG$
360 370
DTLDIMHGDL ELSSAVVGPV
410
202271716 NIKRASRSES YYNGISTNL

30 40 50
GTLHKIKHHE VSRSKIYIEM ACGDHLVVNN
80 90 100
RCRVSDEDIN NFLTRSTESK NSVKVRVVSA
130 140 150
SVSAKASTNT SRSVPSPAKS TPNSSVPASA
180 190 200
DKISLNMAKP FRELEPELVT RRKNDFQRLY
230 240 250
DRGFLEIKSP ILIPAEYVER MGINNDTELS
280 290 300
YNYLRKLDRI LPGPIKIFEV GPCYRKESDG
330 340 350
RENLEALIKE FLDYLEIDFE IVGDSCMVYG
380 390 400

SLDREWGIDK PWIGAGFGLE RLLKVMHGFK

Enzyme Engineering

18




Align Mm with Mb
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Summary

Potential pocket residues discovery by pymol visualizing

Hot spot residue identification through statics

Sequence alighments to non-structured enzyme

Rational suggestion for further enzyme engineering
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Thanks for listening
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