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Background

7 2.8 ( Theanine) XA RAEEFE A REAER . &M H
BEFrT o, ALFEAERLEEN 70% (A5EA, 2003) « 5HA
BRa KRNI R ARG RIE. AARHAN . FEAREKE K

BE4E (Muetal, 2015) .

Theanine

Applied Bioinformatics Course\




Background

B2 Bt fE A p B (Glutamine synthetase, GS) & & & H 47 & [
Wy IR B, FEEYHNESNEAERT, GSZ28 | MWEFRX
RYmE, XLEFEE DI 1 MR E A 35 Ml A GS £ K

(Bernard et al., 2008; Swarbreck et al., 2011)
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Background

>#

X A8 & B (Theanine synthetase, TS)

" 3 ATP ADP + Pi
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Background

> ¥Rk A (2011) Fafedr (2012) R B,
CsGS5 CsTSE F AW EH 5 .

> PRI (2011) # 3 JF A% Rk R o A Bg 1R R,
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Search

A For Librarians & Agents For Authors

Access Provided by Agricultural Information

h. ANNUAL REVIEWS Institute

JOURNALSA-Z  JOURNAL INFO

Home [/ Search Results

Search Results

@ Springer Link

Home

Browse by discipline

» Biomedicine
» Business and Management
» Chemistry

All Databases ‘

Welcome to NCEI

The National Center for Biotechnology Information advances science and health by providing access to
biomedical and genomic information.

About the NCBI | Mission | Organization | NCBI News & Blog

Providing researchers with access to
millions of scientific documents from
journals, books, series, protocols and
reference works.
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Search

» Molecule of the Month

» UniProtKB-glutamine synthetase

Molecular explorations
through biology and medicine

5 PDB-101

Educational portal of = P IEDIES

Molecule of the Month

Glutamine Synthetase

Glutamine synthetase monitors the levels of nitrogen-rich amino acids and decides when fo make more

ATP

glutamate
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UniProtKB - Q8LCE1
(GLN12 ARATH)

Display  FeEte

Publications

LlFormat W Add to basket @ History
*® reedback B Help video

B Other tutorials =
Protein | Glutamine synthetase cytosolic isozyme 1-2

GCene GLN1-2

Feahye Organism | Arabidopsis thaliana (Mouse-ear cress)
viewer

Feature Status

table

Annotation

% - Experimental evidence at
h Reviewed - score:

BBBE® |ovel’

Mone
Function®

Low-affinity glutamine synthetase. May contribute to the homeostatic
of glutamine synthesis in roots.

Catalytic activity’




Sequences

R E T HICsGSTH A ER)TH]: Weblab  — getorf

>1j-CsGS1
MAQLSDLINMNLSDSTEKIIAEYTWIGGTGLDLRSKARTLSGPVNDPKKLPKWNY
DGSSTGQAPGEDSEVIITYPQAIFKDPFRKGNNILVMCDAY TPAGEPIPTNKRYNAE
KIFSHTDVVAEEPWYGIEQEYTLLQKDVKWPIGWPKGGYPGPQGPYYCGAGAD
KAFGRDIVDSHYKACLYAGINISGINGEVMPGQWEFQVGPAVGISAGDELWVARY
[LERITEIAGVVVSFDPKPIEGDWNGAGAHTNYSTKSMRKDGGYQVIKKAIEKLG
LKHKEHIAAYGEGNERRLTGRHETADINTFLWGVANRGASVRVGRDTEKAGKGY
FEDRRPASNMDPYVVTSMIAATTILWKP

>AEM44626.1 GsTS
MSLLSDLINLNLSDTTEKVIAEYIWIGGSGMDLRSKARTLSGPVSDPKKLPKWNY
DGSSTGQAPGEDSEVIIYPQAIFKDPFRRGNNILVMCDTYTPGGEPIPTNKRFNAA
KIFSHPDVVAEEPWYGIEQEYTLLQKQVKWPLGWPLGGFPGPQGPYYCGIGVDK
AYGRDIVDSHYKACLYAGVNISGINGEVMPGQWEFQVGPSVGISAGDELWVARY
ILERITEIAGVVVSFDPKPIEGDWNGAGAHTNYSTKSTRSDGGFEVIKKAIEKLGL
RHKEHIAAYGEGNERRLTGRHETADINTFLWGVANRGASIRVGRDTEKAGKGYF
EDRRPASNMDPYVVTSMIAETTLLWKP
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Sequences

NCBI—Blastp

Enter query sequence: i A\ & % B2

%] (CsGSEHCsTS)
Database: swissprot

Exclude Option: 4]i% F J5, blast

TEET P, BEA %L
Algorithm: blastp

Expect threshold: 0.01
Word size: 3

Matrix: BLUSOMG62

N i 10 ) 1 0 A i 1 I
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RecMame:

Description

Full=Glutamine synthetase cytosolicisozyme 1: AltName: Full=Glutamate—ammonia ligase

RecMame:

Full=Glutamine synthetase cytosclicisozyme 2; Althame: Full=Glutamate—ammonia ligase

RecMame:

Full=Glutamine synthetase nodule isozyme: Shoit=G3:; Althame: Full=Glutamate—ammonia ligase

Rechame:

Full=Glutamine synthetase cytosclic isozyme 2; Althame: Full=GS51-2; AliName: Full=Glutamate—ammuonia ligase

RecMame:

Full=Glutamine synthetase MN-1: Althame: Full=Gln isozyme gamma; AltName: Full=Glutamate—ammonia ligase

RecMame:

Full=Glutamine synthetase cytosolic isozyme: AltMame: Full=Glutamate—ammuania ligase

RecMame:

Full=Glutamine synthetase PR-1: Althame: Full=GIn isozyme beta; AltMame: Full=Glutamate—ammuonia ligase

Rechame:

Full=Glutamine synthetase cytosolic isozyme; AltMame: Full=GE1; Althame: Full=Glutamate—ammonia ligase

Rechame:

Full=Glutamine synthetase nodule isozyme: Aliame: Full=Glutamate—ammonia ligase

Rechame:

Full=Glutamine synthetase cytosolic isozyme 1-1; Althame: Full=Glutamate—ammonia ligase GLMN1:1; Shod=0sGL

RecMame:

Full=Glutamine synthetase PR-2; Althame: Full=GIn isozyme alpha; AltMame: Full=Glutamate—ammonia ligase

Rechame:

Full=Glutamine synthetase nodule isozyme; Shor=GS; Althame: Full=Glutamate—ammonia ligase

RecMame:

Full=Glutamine synthetase cytosolicisozyme 1-1:; AltName: Full=Glutamate—-ammonia ligase GLMN1;1; Shot=GLM1;

Rechame:

Full=Glutamine synthetase; AltName: Full=Glutamate—ammonia ligase

RecMame:

Full=Glutamine synthetase; Althlame: Full=GS(1}; Althame: Full=Glutamate—ammuonia ligase




Sequence alignment

» Tools > Pairwise

325/356 (91.3%)
344/356 (96.6%)

0,356 ( 0.0%)

# Length:
. # Identitwy:
Sequence Alignment > & simitericy:
# Gaps:
EMBOSS Needle » ke
i
#

CSTS Lj-C3GS1.
\\\\\\\\\\7>.AEH44625.

(AEM44626.1)

I.j—CaGS1.

CsGSl\

AFM44626.
L.j—CaGS1.
AFMA4626.

Lj—CaGS1.

LFM44828.

LFM44e2a.

a1

51

101

101

I51

151

201

201

251

251

301

301

351

351

HﬁQLqHLIHEHLEDSIEEIIAEYIEIaEIaL?LESKﬁRILS“P'NEPFKL

0 U RN - N R R N
HELLSDLIHLHLSDITE&?IAETIWIEGS TMDT.ESKARTLSGEVSDPERL

PEWNYDESSTGRAPGEDSEVIIYPQAT FEDPFREGHN I LVMCDAYT PAGE

8 08 0 0 O 0 0 o N N - 0 O A T
PERNYDESSTERAPGEDSEVIIYPOATFEDPFERGHNNILVMCDTY TPEGE

PIPIHKRYHAEHIFSHID??AEEFWYEIEQEYTLLQK??KWPIEWFEEGY

0 0 - e S O O O 0 O
PIFTHNERFNAAKT FSHPDVVAEE FWY GIEQEY TLLOKVEWNFLGWELE aF

PERPOEPY Y CGAGADKAFGRDIVDSHYKACLYAGTNI SGINGEVMPEONEF

0 00 0 N e e 0 0 T 0 O R
PEPOGRY YOI GVIEAYGRDIVDSHYKRCLYAGVN I SGINGEVMPEOWEF

VERAVEI SAGDELWVARYILERITEIAGVWVVSFDPEPIEGDWNGEASAHT

FERESERLEERREFEEREEREEECEEEEY ERVEE R R LR R BT
VGRSV EI SAGDELWVARYILERTTEIAGVVVSFDPEPIEGDWNGAGAHT

HY STESMREDGEY WV IKKATENLGLEHKENTARYGEGHNERRLTGRHETAD

800 0 0 5 0 ot 0 N R
Y STESTRSDGGFEVIKKATERL.GLEHKERTAAYGEGHNERRLTGRHETAD

INTFLWEVANRGASVE VRO TEKAGKGY FEDERPASHMDET VWV T SMIAAT

FEEEFREEVEERRVESRERLRNEEVERDEVEERRVERVEEVERLEFEEL
INTFLWEANEGASIEVERDTEKAGKEYFEDER PASHMDEFYVVI SMIAET

IILWEKEFE 356
-
TLLWEFE 356

50

50

100

100
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150

200

200

2350

250

300

350
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Protein sequence analysis and function prediction

» NetPhos 3.1 Server-predicts phosphorylation sites

CsGS1 v %@é@{%ﬁz S E R
¥ MAGLSDLINMHLSDSTERKI TAEY INIGGTGLDLRSKARTLSGEFVNDPEEL ; 50 Hb ;'E ﬁk El {]] EJ E}ﬁ ‘I/H

#
BEWNYDGSSTGAPGEDSEVIIYPQATFEDPFREGHNILVMCDAYTPAGE $ 100
PIPTHERYNAEKIFSHIDVVAEEPWYGIEQEYTLLOEKDVENPIGNPEGGY $ 150 53 .
BGROGEYYCGAGADKAFGRDIVDSHYELCLYAGTHI SGTHGEVMEGOWEF E 5 200 j:H E’ /r_:l:_ 5 \/g l\é T_% T__-JJ.—_‘.
OVGEAVGISAGDELWVARY ILERITETAGVVVSFDPEPIEGDWNGAGAHT $ 250
HYSTESHMREDGGYVIKKATERLGLEHKEHTAAYGEGNERRLTGRHETAD E 4 300 ”'_' % %
INTFLWGVANRGASVRVGRDTEKAGKGYFEDRRPASNMDPYVVTSMIAAT  # 350 /‘:5 E}/\j T T NIARN
TILWEE # 400
E i [ e o et 5 5_ .......... e 5 TS5 sma e $ S0
S R B L f L L S L T E 4 100
E-i e L ST B Y $ 150 CSTS
L T T T i i s S S i o o A E 200
FL el Serii e Seevneniiins * 250 MSLLSDLIMLMLSDTTEKVIAEYIWIGGSGMDLRSKARTLSGPYSDPKKL  # 5@
o LrmEUURIUUENNnE e s 8 330 PXMNYDGSSTGOAPGEDSEVIIYPQAIFKDPFRRGNNILVMCDTYTPGGE  # 100
5 g PIPTNKRFNAAKIFSHPDVVAEEPWYGIEQEYTLLOKQVKHPLGWPLGGE  # 158
PGPOGPYYCGIGVDKAYGRDIVDSHYKACLYAGVNISGINGEVMPGOWEF  # 268
QVGPSVGISAGDELWVARYILERITEIAGVVVSFDPKPIEGDWNGAGAHT  # 258
NYSTKSTRSDGGFEVIKKATEKL GLRHKEHIAAYGEGNERRLTGRHETAD  # 300
INTFLWGVAMRGAS IRVGRDTEKAGKGYFEDRRPASNMDPYVVTSMIAET  # 35@
TLLWKP # 460
S - G R G R TN, # 56
G L I e Lo e e R s e s g A 108
e R L # 158
L W e Gl G # 208
% e g A — # 258
WE i R e R R 1A, 2 R 180
R Srennn A Poeri e s e O S -, i5@
S L

_ .. _ serine, threonine or tyrosine
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Protein sequence analysis and function prediction

> ExPASY — ProtParam

CsGSl1 CsTS
Number of amino acids 356 356
Molecular weight 39240.34 39250.31
Theoretical pl 6.13 5.79
Negatively charged residues 44 44
Positively charged residues 41 39
Instability index 37.25 42.63
Grand average of hydropathicity -0.464 -0.414

> PredictProtein

CsGS1 CsTS
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Transmembran structure

> P R 25 4 T .
* PredictProtein
« TMHMM

TMHMM posterior probabilities for Lj-CsGS1

# C=T5_23 Length: 366
# C=TS 23 Number of predicted TMH=: O
# C=T5_23 Exp ramber of Ads in TMHs: 0. 00388

# CsTS_23 Exp ramber, first 60 ads: 0.0017
1.2 # CeT5_23 Total prob of N-im 0. 00170
CsT5_ 23 THHMMZ. 0 it =ide 1 366
TF TMHMM posterior probabilities for CsTS_23
1.2
0ef
& 1
=
]
i 3
@ 086 . os}
=] ot
a 5
04t TS|
[=}
=1
04t
02 r
o2t
. o
50 100 150 200 250 300 350 50 100 180 200 250 300 350
transmernbrane inside outside transmembrane inside outside
19 38 57 76 25 114 133 152 171 19
342
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Secondary Structure

» PredictProtein

19 33 57 76 95 114 133 152 171 190 209 228 247 266 285 304 373 342
1 ! ! boase
CSGSI D e EEE B @) . e e | e m B e | 2 = =
B Em @ 00 BB I COoD oC——Oo @ C— EE B BB
| moe ot o - i onon I n1 mme 1 mum e
18 L] 57 76 g5 114 133 152 11 190 208 228 247 266 285 304 323 342
1 T T T T T T T T T T T T T T T T 355
CSTS Do w0 0 B e o s 0 I e E @ o 2 @ ==
O @ 00 BB B e DEEEEE | o 2 B @ &=
00 mm gl 0@ e w0 SR T N1 ThN NET B

Secondary Structure Composition Secondary Structure Composition

~ CsGSl .. v CsTS
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Secondary Structure

1 g Iﬁ 9|5 1]4 1I.J 1]‘2 1|1 l?ﬁ] ZI;'EI 2?8 23? 2;6 2?5 3;4
CSGSI ' I I I I ! I I I I I I I ! I I I
¢ ¢ o0 ¢ ¢ ¢
: | | I el |
special
sites
IIEI %B E-l." Tlﬁ E-lﬁ 1 I4 1?3 Ii-Z I'i'1 IE'ZI 2|;'3 2?—3 2?7 2?3 2?5 3|;4
i I I I I I I I I I I I I I I I I
CsTS & ¢ & ® 00 ¢ 0
| Lt Il |l

@ protein binding region

Prediced protein interaction
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Protein-protein interacti
BioGrid: 1808

IntAct: Q5E\
STRING: 3702

Database of Interacting Proteins

Search by:[protein] [zequence] [motif] [article] [IMEx] [pathBT AST]

THE DIP DATABASE
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Protein modeling

Tk GS (T 38 X-5F L ap AT 4 vk I A 25 3D
PDB id: 2d3a

G

Structure: Glutamine synthetase. Chain: a, b, c, d, ¢, f, g, h, 1, j. Engineered: yes

Applied Bioinformatics Course\ (H.Unno et al, 2006)




Protein modeling

LR

}&5\5 ¢ sp56’
S 3R

£ Glu297 / Glu297

T

Active site structure formed by Asp-56 and Glu-297 of maize
GSla. a, stereo view of the side chain structures of Asp-56' and
Glu-297 together with ADP, MetSox-P, and three Mn”2+ 10ns.

Applied Bioinformatics Course\ (H.Unno et al, 2006)




Protein modeling

Phyre2 results for Undefined " ~ @ &

> Phyrez Eit A | Phyre2 Server=phyre2 @imperial.ac.uk>

A | Fe<tddteal 1@163.com>

B OjE: 2018511809

m

00:24 (£

|ffm

B 149 E| Undefined.pdb | ESHE

E-mail Address
7 o on EAOARGCIBERE. $185. f25HR--
Optional Job description

& EHEahr

Phvre2 results for job description: Undefined

Amino Acid Sequence ¥ Unique job identifier: 915Fhal105818:55

Please find attached to this emsil a PDB formatted model of your pro

For help viewing your PDB file off-line, please see the FAQ here:

I : 1 the scquence finder
0 BEUGRGER A Normal @ Intensive O
: : . NORMAL mode.
VTR 6  )(0)0 s - [NOT for Profit O | FOR Profit (Commercial) O | Other @ |

Confidence in the model: 100.0%

| Phyre Search | Reset

il B

CsGS1.pdb CsTS.pdb
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Predicted 3D structure

CsTS
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Predicted 3D structure

> Fit

S TEFEER: =]
SETGQAPGEDSEVYI

2sTS: THR3S  rmes: (i
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Predicted 3D structure
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