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Introduction:

e Corynebacterium glutamicum is a
biotechnological workhorse for the
production of amino acids and other
primary metabolites.

e Arginine is a glutamate-derived amino acid
that is used in the cosmetic and
pharmaceutical industries and as a food
additive.

e Aim of this study:

e To increase arginine production in the
“bacterial workhorse” by rational
strain design in combination with

metabolomics and proteomics




Introduction:

Increasing arginine production in C. glutamicum by BRUKER
rational strain design

Are Arginine levels increased if argR is deleted?
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Methods:

Label-free Proteomics & non-targeted Metabolomics

1 Wildtype and 3 mutant strains

Samples
5 biological replicates each

Repressor deletion '

=

Tryptic digestion
Injection 500ng on column

Data acquisition

Proteomics

. nanoLC 90 min - RP .

= Data dependent
olb impact Il - QTOF ¥

AutoMSMS run °
Data processing Proteomics
M Feature detection and [
Maxuant database search .
b - [ T
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i ‘ Perseus Statistical processing _j

Extraction of hydrophilic
metabolites with 80 % MeOH

Metabolomics
UHPLC 15 min - ZIC HILIC

Data dependent

jpachllaQlOh AutoMSMS run
Metabolomics Visualization
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Results & Discussion:

Label free proteomics: Which proteins are

upregulated in the argR mutant compared to WT?
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| =5p|l088101|ARLY_CORGL Argininosuccinate lyase O5=Corynebacterium glutamicum (st...

| =5p| 176|ASSY_CORGL Argininosuccinate synthase O5=Corynebacterium glutamicum...

| =5p|P58893|CARA_CORGL Carbamoyl-phosphate synthase small chain O5=Corynebacte...

| =5p|P58939|CARB_CORGL Carbamoyl-phosphate synthase large chain OS5

=Corynebacte...

Repressor deletion versus

Wildtype

=In total 12 proteins are
significantly upregulated by
derepression of arginine
biosynthesis compared to wildtype

= Arginine biosynthesis pathway
is involved in derepression of
arginine biosynthesis

= But how is the complete
pathway influenced?

J

Pathway mapping!
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Results & Discussion:

Proteomics data clearly shows an upregulation of the BRUKER
arginine pathway enzymes in the repressor deletion

mutant

Repressor deletion versus Wildtype
cer _ » Derepression of argR leads to
significant increase in abundance for

' enzymes involved in arginine
pathway (-> “green color coding”)

@
|

B ﬂm But do changes on proteome
level really result in increased
arginine production?

Metabolomics!

log2
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Note: Log2 fold changes have been mapped.
Pathway designed with Green -> upregulation WT vs. argR
PathVisio Red -> downregulation WT vs. argR



Results & Discussion:
Non-targeted Metabolic profiling: B(I:I?K(E)R
Data pre-processing by novel MetaboScape 2.0

m M+H Step 1) Comprehensive feature
1569568 M+Na extraction by “Find Molecular

e  Features” algorithm in

| ProfileAnalysis

"0 ® Combines adducts, charge states
and isotopes belonging to one
compound
¢ | eads to large data reduction!
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e Step 2) Aligning extracted
“FMF"” features across all
samples resulted in i il
Cco rresponding buckets for . T e S e e

further analysis in novel Bucket Table
MetaboScape software e e SRR
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Automatic identification of known
compound = dereplication @ (<)

Step 3) Fast and confident dereplication by known BE%R
Analyte List including MS/MS library spectra
Analyte List
e Database of know target compounds A
consisting of molecular formula, name ' Name v Molecular Formula T [min] ~_MS/MS
and retention time (in simple CSV Proline CsHsNO; 4.57
format) -> “Analyte List” Ornithine CeHizNz0; 761 Al
N-Acetylornithine  C7H1aMz03 5.05 ey . [
e Optionally add MS/MS library spectra  n-acety-glutamate C;HyNO: 145
e Automatically & confidently annotate oo e, =
buckets using Analyte List Citrulline CaHyzM:0: 566
Arginine CeH14M40; 743
Bucket Table
Bucket RT [min] m,/z meas. MName 4 Molecular Formula AQ
7.43min :175.119m/z 743 175.119 Arginine CeH14M403
5.66min : 176.103m/z 5.66 176.103 Citrulline CeH13Mz03
5.11min : 148.061m/z 511 148.061 Glutamate CsHsNOy
5.31min : 147.076m/z 531 147.076 Glutamine CsHigM203
1.45min:190.071m/z 145 190.071 M-Acetyl-glutamate | C7H11NOs
5.05min : 175.108m/z 5.05 175.108 M-Acetylornithine  C7Hp4MN203
7.61min :133.097m/z 7.61 133.087 Ornithine CsH1zM20;
4.57min : 116.071m/z 4.57 116.071 Proline CsHsNO;

Annotated Bucket Table, including "AQ"” Annotation Quality column
4SS



Automatic identification of known
compound = dereplication

Confidence provided by “"AQ - Annotation
Quality” according to user definable criteria

(o,oe% 6\‘5@&&{\60 AQ
D 3 (2 < = ’000((\
3 (QTOQ‘&T\QQ&QQQQ& MetaboScape streamlines de-
R gty A replication and annotated
Lol S data review by highlighting
/ the Annotation Quality
_
Narrow gnnclj_tatlon
uall
Wide symbgll
|
Narrow Wide Annotation Quality according to
— - user definable confidence levels is
m/iz 2 5 |ppm
1] 0 based on:
e 01 02 minutes « Accurate precursor mass
H L] « Retention time
LT - 2 - »  Isotopic pattern ("mSigma” value)

MS/MS score: 300 200 « MS/MS spectra comparison




Results & Discussion:

Pathway mapping of Proteomics and Metabolomics BE.ZK(E)R

results:

Repressor deletion (A argR) versus wild type

Q Pathway designed with PathVisio

Repressor deletion vs. WT

« Increase in protein abundance for all
enzymes involved in pathway

« Derepression of arginine biosynthesis
genes alone does not result in
increased arginine production

« But why?!?

o It IS known that N-
acetylglutamate kinase, which is
encoded by argB, is feedback
regulated by arginine.

« Hypothesis: Arginine production
is limited by argB feedback-
inhibition.



Increasing arginine production in C. glutamicum by

rational strain design in combination with metabolomics

and proteomics BRUKER
Are Arginine levels increased if argR is deleted AND feedback-

resistant argB™r allels introduced?

Repressor deletion -!

Rational strain design:

« Creation of a
chromosomal
deletion of argR and introduction
of feedback-resistant argB™r allels

Are Arginine levels increased if
argR is deleted AND feedback-
resistant argBf™r allels introduced?

|




Results & Discussion: S
Pathway mapping of Proteomics and Metabolomics gRUOKER
results:

Feedback resistant AargR argB™r vs. WT

Feedback resistant argB-allel
AargR argBfr vs. WT

e Interestingly, introduction of feedback-
resistant argB™ allels results in reduced
abundance of argB / N-acetylglutamate

kinase

Q Pathway designed with PathVisio



Results & Discussion: S
Pathway mapping of Proteomics and Metabolomics gRUOKER
results:

Feedback resistant AargR argB™r vs. WT

Feedback resistant argB-allel
AargR argBfr vs. WT

e Interestingly, introduction of feedback-
resistant argB™ allels results in reduced
abundance of argB / N-acetylglutamate

kinase

e Intracellular levels of arginine are not
increased

Q Pathway designed with PathVisio



Results & Discussion: S
Pathway mapping of Proteomics and Metabolomics gRrUOKER
results:

Feedback resistant AargR argB™r vs. WT

Feedback resistant argB-allel
AargR argBfr vs. WT

e Interestingly, introduction of feedback-
resistant argB™ allels results in reduced
abundance of argB / N-acetylglutamate
kinase

e Intracellular levels of arginine are not
increased

e BUT: Arginine is produced and secreted
to the fermentation broth:

4000

Arginine level in fermentation broth
3500 -

3000 |

2500 -|

<
052000 -
E

1500 |

Iog 2 1000 -| <:|
] 500 |

Q Pathway designed with PathVisio wrT argR argB




Results & Discussion: S
Pathway mapping of Proteomics and Metabolomics gRUOKER
results:

Feedback resistant AargR argB™r vs. WT

Feedback resistant argB-allel
AargR argBfr vs. WT

e Interestingly, introduction of feedback-
resistant argB™ allels results in reduced
abundance of argB / N-acetylglutamate

kinase
e Intracellular levels of arginine are not
increased
y e BUT: Arginine is produced and secreted
o A to the fermentation broth:
oee Arginine level in fermentation broth
log2

e Increase of intracellular citrulline level
40 00 40 indicates a limitation in the last two steps

Q Pathway designed with PathVisio Of the pathway




Increasing arginine production in C. glutamicum by
rational strain design using a combination of

metabolomics and proteomics BRUKER
Are Arginine levels increased if argGH are overexpressed?

Repressor deletion '! : | Debottlenecklr_ig by
overexpression

Rational strain design:

e Creation of a Debottlenecking by
overexpression mutant (argGH):
chromosomal deletion of argR and
introduction of feedback-resistant
argB™r allels as well as debottlenecking
of the Ilast two reactions by
overexpression of argGH

U

Are Arginine levels increased in
this triple mutant?




Results & Discussion: S
Pathway mapping of Proteomics and Metabolomics gRUOKER
results: Debottlenecking by overexpression

AargR argB™r pZ8-1::argGH vs. WT

Debottlenecking by overexpression

e QOverexpression of argGH results in
increased abundance of argininosuccinat
synthetase and argininosuccinat lyase on
proteome level

log2

40 00 40
Q Pathway designed with PathVisio



Results & Discussion: S
Pathway mapping of Proteomics and Metabolomics gRUOKER
results: Debottlenecking by overexpression

AargR argB™r pZ8-1::argGH vs. WT

Debottlenecking by overexpression

e QOverexpression of argGH results in

increased abundance of argininosuccinat
synthetase and argininosuccinat lyase on
= proteome level
Y
oty | e Debottlenecking of last two reactions
lowers intracellular concentrations of
N-Mem-glutama::5-semialaehrae | Ol’nithine and CitrU”ine.
p
- =X
\J
| N-Agetylomithine |
:
| Omithine |
eeeeeee | »] e C’:l
e <
| Citniling |
I H-[Degininosuccinate |
! log2
—=—— - EJ

-4.0 0.0 4.0

Q Pathway designed with PathVisio



Results & Discussion: S
Pathway mapping of Proteomics and Metabolomics gRrUOKER
results: Debottlenecking by overexpression

AargR argB™r pZ8-1::argGH vs. WT

Debottlenecking by overexpression

e QOverexpression of argGH results in
increased abundance of argininosuccinat
synthetase and argininosuccinat lyase on
proteome level

e Debottlenecking of last two reactions
lowers intracellular concentrations of
ornithine and citrulline.

. e Overexpression of argGH results in
increased extracellular arginine levels
to >3.5g/I.

4000 Arginine level in fermentation brolE
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Results & Discussion: <)
Pathway mapping of Proteomics and Metabolomics gRrRUOKER
results: Debottlenecking by overexpression

AargR argB™r pZ8-1::argGH vs. WT

Debottlenecking by overexpression

e QOverexpression of argGH results in
increased abundance of argininosuccinat
synthetase and argininosuccinat lyase on
proteome level

e Debottlenecking of last two reactions
pncentrations of

This demonstrates that by applying k.
rational strain design in combination jOH results in_
with Proteomics and Metabolomics °

I we could increase the amount of the [™f
desired target compound, arginine!

[rr e— ¢ = 22000
I N-{tginina]suecinate | £
log2

1500

1000

40 00 4.0 500
Q Pathway designed with PathVisio 0

wr argR argB argGH




Results & Discussion:

Non-targeted Metabolomics data mining
Are there any “off target” changes we can
detect in the metabolomics data?

3D Scores
Owr
= PCA
_J) argB
O argGH
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Results & Discussion:

Identification of the target compound BRUKER
Molecular Formula -> online Database query -> structure

candidates -> in-silico fragmentation: gamma-Glu-Val

] CigH1gMN20¢ H.? T
"o N Ng N
: a MS Query for Searchfor: @ Formula () Name T ) I l o
'. o [} A
=~ ne Tvem
- = X X
| = structure
— . Compound ¥ Compound ID
- Ca n d Id ates 1 gamma-Glu-Yal CHEBL68248
] a 2 beta-Asp-Leu CHEBL68600
- — =
i = - 3 | beta-Asp-lle CHEBL:68601
a o Q 4 alpha-Glu-Val CHEBL68346
- 5 alpha-Asp-Leu CHEBL68596
T T T T T T T T T T T T T
I I l l l . I 6 alpha-Asp-lle CHEBL:62539
2471 76 ME1 BB 2491 myz 7 Valalu CHEBLTS011
8 | Leu-Asp CHEBL74332
5 7 - . . .
©107 7] r oS 9 24-diacetamido-2,4,6-trideoxy-beta-L-altrose CHEBL:63283

CHSNO2 24-diacetamido-2,4,6-trideoxy-alpha-D-mannop.. | CHEBLG&645

MS/MS | o

304

72081 CqHygN* o

10 g ]ZE T = Ef g 5 E
e _E \$ T T T T ? T T T T T %
100 150 200 m/z
ﬂ Formula generation
# Meutral Formula Ion Loz [ppm] mSigma
1 CrpH1sNz0s [M+H]1+ 0.44 9.48

Unique formula generated by making use
of accurate mass and isotopic pattern
information in MS and MS/MS spectra.




Results & Discussion:
Identification of the target compound

Molecular Formula -> online Database query -> structure
candidates -> in-silico fragmentation: gamma-Glu-Val

i CigH1gMN20¢ H:?
MO A,
a ‘ a MS Query for Search for: @ prmula ) Name H H
— r-- - - Cl _/' -
- S SmartFormula Ll MS/MS Library Search ﬁ Compound Crawler [ f: MetFrag ‘ = 0
] Name Formula Score Raw Value #Frag Int.Cov.[%] xl(]s -7 T v Y N N N N "
: gamma-Glu-Yal CigH1sMNz05 10 5410986191 8 100.0 b . iy
i beta-Asp-Tle CioH1N;0s 0.999 5405662567 & 1000 ] = in-silico
3.0+ = = :
— beta-Asp-Leu CroH1zM205 0.999 5405662567 8 100.0 i I ; .
= @ H
—r| alpha-Asp-lle CigH1sMz05 0937 5068627261 7 93138 = ] = F ra g m e n ta tl O n
alpha-Asp-Leu CypH1eNz0z 0937 5068627261 7 93138 = 20
Val-Glu CroH18M;0s 0916 4958503489 7 84.22 % B =
s - | Leu-fsp C1oH12Mz05 0.809 4374811934 5 81.261 ] o =
B — =]
] 24-diacetamido-2,4 6-trideoxy-alp...  C1oH1sNz0s 0.683 3696535319 6 53.202 10] : = o
] 24-diacetamido-2,4,6-trideowy-bet... CioHiaM;0s 0.683 3696535319 6 53.202 - - o - 3 =
30 e Z = 2 3
: 1z E = T
z ] 0.0 Lt | | |
s — T T T T T T T T T T T T T
= 1 100 150 200 m/z
10
= HEN 0]
HO NH
, / \
g OH
gamma-Glu-Vval H,C CH,




Results & Discussion:
gamma-glutamyl dipetides are known to be BRUKER

present in C. glutamicum

Journal of Biotechnology -
7 3]
Volume 232, 20 August 2016, Pages 99—109 =
[T =
k24

Bioinformatics for Biotechnology and Biomedicine

Corynebacterium glutamicum ggtB encodes a functional
y-glutamyl transpeptidase with y-glutamyl dipeptide synthetic
and hydrolytic activity

Frederik Walter, Sebastian Grenz, Vera Orseifen, Marcus Persicke, Jorm Kalinowski d .=
Center for Biotechnology, Bielefeld University, Universitatssirale 27, 33615 Bielefeld, Germany

already 50 years ago and identified as the dipeptides y-L-glutamyl-
L-glutamate (w,»—GTu—Glu}. v-L-glutamyl-L-glutamine (y-Glu-GIn),
v-L-glutamyl-L-valine (y-Glu-Val), y-L-glutamyl-L-leucine (y-Glu-
Leu) and the tripeptide vy-L-glutamyl-L-glutamyl-L-glutamate

(v-Glu-y-Glu-Glu) (Hasegawa et al., 1977; Vitali et al., 1965). Aim-

a




Results & Discussion:

Can we find further di-peptides in the data set? BRUKER

Automatic query of all buckets o

containing MS/MS spectra against

Spectral libraries:

L "

« HMDB Metabolite Libra ry HMDB Metabolite Library ~ MetaboBASE Personal Library

o MetabOBASE PerSOI’]a| lerary BRUKER Daltonics BRUKER Daltonics

RT [min] m/z meas. MName & Molecular Formula AQ MS/MS
412 261,144 Gamma-Glu-Leu C1iHzM:0s I
5.39 276.119 Glu Gln CaaHrM: 0 i
521 277.103 Glu Glu CaaH1sM:05 Qo
4.42 279101 Glu Met C1oH1sN:0s5 M s
511 148.061 Glutamate CsHsMO. D

531 147.076 Glutamine CsHioM:0: l

Spectral library query points to further di-peptides, but for several the
MS/MS “"AQ" indicated a lower confidence in the identification.
The bucket annotated “GluMet” (highlighted in red) was further investigated.



Results & Discussion:
Spectral library query points to alpha-Glu-Met

-> Manual inspection indicates the compound is
actually a gamma-Glu-Met di-peptide

i MSME Library Search

[ od 279,101 CLOHIBMZO551 Glu Met 4.42 min

=8 Boh =)

Score Fit

Analyte

279,101

Precursor

Energy Polarity
20,0 POSITIVE

EBDE.IS {81543 Glu Met

Database: | Bruker MetaboBASE Personal Library_library -

heas. m/z
Forrula:
Mame!

Energy:

279,101

Blu Met
0.0 « BT ev

C10H18M20551

380,03 59437 Glu Met

Query

104.053

262,074
F279.101

o
(%)
|
B ——n1010

Synchronize y-axes

l_

_
122.060

———130.050

f —

150058

F— 216,069

74023

: , 1y
T T 1 T T F 2 1 T
B0 100 120 140 160 T 180 200

[
B
=
=
o —

Library

0>
08
06

0.4

0.2+
0.0

56.050

84.045

150.058
167.080

4— 104052

7027
E122.061

- 130,047

Library

F219.126
243.078

80 100 120 140 160 180 200

220 240

& T 261091

2

Low m/z fragment
ions match
between Query
and Library
spectrum.

But different and
characteristic
fragment masses
point to gamma
instead of alpha
linkage.



Results & Discussion:

Following the identification of several gamma-

glutamyl dipeptides an additional di-peptides in the
dataset was identified by “MS/MS bucket matching”

"+ Bucket Statistics & & BoxPlot o8 Bucket Correlation IMS,.-'MS Bucket Matches = O

Matching Buckets: 10

4 42min: 279101 m/z

gamma-Glu-Met
D C10H18MN2055

M5/MS Score Cutoff: 435

0

4.64min : 277.103m/z

CH, SmartFormula ﬁ Compound Crawler

I+ MetFrag [l MS/MS Libran

|

Mame Score # Frag Int.Cow. [35]
gamma-Glu-Glu 1.0 1 70,007
O-gamma-glutaryl.. 1.0 11 70,007
Glu-Glu 0.894 10 67.954
HC-\ /C-
) o] /| - Ly
[ in-silico

HH,

5

fragmentation

CH, SmartFDrmuIa”ﬁ Compound Crawler | F MetFrag |l MS/M
Formula generation CaoHieN:07
Search for @ Molecular F (7) Name
CH, SmartFormula 532 ﬁ Compound Crawler F MetFrag Ll MS/M! StrUCture
search
2 Meutral Formula Ion LA mfz[ppm] mS5igma I:> Compound CompoundID  Database
1 CigH1eM=204 [M+HJ1+ 0.06 1214 1 Glu-Glu CHEEL5390 ChEEBI
2 | D-gammma-glutamyl... CHEBL71683 ChEEI
3 gamma-Glu-Glu CHEBL73705 ChEEI




Results & Discussion: )
Finally, the most likely molecular formula for all buckets BRUKER
in the bucket table were automatically generated using

“SmartFormula”

% Annctation hd ] ‘
Annotate with ﬁ..nahd:e List ... | = [ |[*w Bucket statistics [ag Euxmut}n«a Bucket Correlation MS/MS Bucket Matches =rw | [
. i = 5 T4Imin:1620761m7Z] | Coryne_Arg:
Manage Analyte Lists ... i 0] P o w
. Hy 5.0 Q ek
Generate Analyte List from Bucket Table ... , o
i £ a0
Annotate with Spectral Library ... 1 _| 2] -
3 o 0.0
Manage Spectral Libraries ... £ - )| @
. ) A=
Generate Spectral Library from Bucket Table ...
Search/Filter x
A ith 5 F I Molecular Formula ~ AQ ~ MS/MS  Flags A Boxplot WT1_RB1.01 1... WT2 RB2 01..WT3_RE3_01...WT4_RB4 01.. WT5_RB5_01..WT6_RB6_01... WT7_RB7_01...WT ~
(S n L I | L ] |1 [] [] = [ ] |1
nnotate with SmartFormula .. e TR HEs ] - i 0 I i B
e - p— T CasbhazN:0: m = i [ | ] ] ] | (] ]
15 P P 0 ,ﬂ:' = i i = = = =
246 . CioHiaN:0: HH D = -
= Automatic formula coo B @4 i [ B N R —
318 C:HNOS A i = I-I]mj = I I I I = I
349 H CasHisNO: H N :
350 g e n e ra tl O n CeHNO. - B [ | [ | ] | [ | |
351 t CeHuN:0: HER = |- = . l- I. l. | I- I.
352 by S F I CeHuNO: i In = H — ||
= martrormduia o L = i
T — © [ A
355 336min:1831127m/z | 336 1831127 CoHaahl:0: it I =
%5? ?.i?}min:i?}l?irilrlm;’z 48} 1721050 f,H,,}I;?: H i Q I-I]J* ! ! ! ! ! ! ! ! =
i i ] 3
PCA t-Test [*t-Test] M8 =0
t-Test/ANOVA Result Table Volcano Plot
t-test. Target: "Coryne_Arg" 3 -
Bucket p-Value p-Value(Rank)  Average Ratio.. Fold Change".. p-Value(FWER) p-Value(FDR) Max. Intensity - 2
444min: 1620... 0.000778 . °
19 336min:1831. 0864081 0.833635 0972 -1.020 1000000 0932360 117182 3 7 Poreligg
3 1318 0.274268 0.006689 113616 H 7 | O GopmaGiulen o :
. . 3 1239 1000000 0741390 321711 s 4 o 0 ) e % - .
Statistical (here, t-test) results | & e e mm 2] o Tghagyon: g8 damn e
. W . 7 1047 1.000000 0872019 55127 24 ; @ m'r 7 EogTeehme
pol nt to further “interestin g 5 1.206 1000000 0157764 18093 e R g T
t t d " f ) -1.076 1,000000 0460568 102084 0 o7 eq ; mi
3 1268 1000000 0.089075 7191 L B L e L B L I L I
d rg €t com po undas or 7 122 1000000 0042511 6925 = s 05 0 05 1 L5 2 25 3 35 N
| D log2 feld change

subsequent identification.



Conclusions

Increasing arginine production in C. glutamicum by
rational strain design in combination with
metabolomics and proteomics

Proteomics and metabolomics studies were conducted using
one high resolution QTOF-MS/MS platform.

Pathway mapping of proteomics data shows increased
abundance of enzymes involved in arginine biosynthesis in
mutant strains, but only in combination with metabolomics
influence on arginine production could be determined and
ultimately levels increased by rational strain design.

data evaluation enabled to
responsible for off-target metabolic

Non-targeted metabolomics
identify compounds
changes.
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