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Matlab-based visualization analysis of genome-scale metabolic
network model simulation of Yarrowia lipolytica
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Abstract: [Objective] In recent decade, genome-scale metabolic network model (GSMM) has been
flourishing rapidly. It has been an indispensable tool to investigate complex physiology of organisms
through reconstruction of GSMMs and prediction cellular characteristics based on computational
simulation. Visualization of simulation results can help to trace intuitively metabolic flux changes in
the model and generate possible metabolic engineering strategies. [Methods] In this study, we first
briefly summarized current methods for metabolic network visualization, followed by proposing a new
method to realize visualization of GSMMs simulation based on Matlab. A pre-drawing of the metabolic
network was performed first via CellDesigner software. Two functions of RAVEN toolbox were
employed to integrate the raw map into Matlab and to realize visualization of simulation. [Results] As
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an example, the visualization of iYL619 PCP v1.7, a GSMM of Yarrowia lipolytica was realized.
[Conclusion] According to the maps of visualization, we could monitor clearly flux changes in
pathways under different environmental and genetic conditions to analyze efficiently simulation results.
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Figure 1 Automatic drawing using Paint4Net software in Matlab
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Figure 2 Screenshot of CellDesigner
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Figure 3 Overview of drawing and visualization
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metabolism ., Cofactor-vitamin-energy metabolism
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TRRA-1 000 VER 5% AL FBRA-10 fEREF B,
SRIGTEWRN SRR 20t B A R B R AL, 15307
H N RS2 solutionA.x ., solutionB.x. 1T
RAVEN toolbox H'pR#{ construct Pathway From
Celldesigner 3% HU £ % iYL619 PCP v1.7 [y
CellDesigner &, %A J5 i i PR %% drawMap ¥
solutionA.x , solutionB.x F& S8, SLHUGEL
SRR . 24 A I (N T BAE 131077
BRINERTBCE I, BRSO EN 0, K ER O
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A, MR A6, BB 28R

HRAT SN AR AR 1 B o ZERRA I A% Al AL
R R BEARIE A TFESBIs 5 SUV(ROITS)HY
AR SE 21.88 mmol/(g DCW+h); &1 B FRESizk
R B 10.00 mmol/(g DCW+h), #8414 B

AR R, HLBY A B (R A AT T el )
XA B KT SR A i i 2 21.88 mmol/(g DCW+h),
FLWFP 25T BE AR 132 5 5 (R1033) 7] ffl 4hiz
AR A —28.03 . —22.52 mmol/(g DCW+h),
U IR EAMR 19 2B 7= A2 B T EUURE M L 1T R1165 J2&
VN iRl AN T & S Sl N O s
0. -10.39 mmol/(g DCW-h); R0363 & Z i
SE W AR T L O RO 1 B S N
—-10.39 mmol/(g DCW-h), ULHZERE SN 70 2 B
AR S, T2 BB A7 A K bk £ B i 2]
S, PEEEF“ AL CO, (R1083), HARATHLALLE R
WE 4 FiR. 740 B T, BB R A AU 1 (RO786)
s FRE, DO TRASZ R T8 TCA Z 3 .
2.2 AL 2

FERL iYL619 PCP v1.7 i1t IdealKnock R
DR R )T R IR = 7 19 S 0] R S e, 45
IR 66 KN OO N FT R 15 2R AT LA ER = 5%
FARR 24 i (R1033) i o s FRETIX 66 NS
5 OptKnock! ], 55| —2H el . msmism
FRK) 8 KU (ROO0T ,R0002 .R0004 . R0092 .R0274
R0362. R0483. R0598), BEIAMRACHe ) i (R1033)
WAL 53 BT (F VA 31 5 I 2 A oy U ot 0 1)
12.80 mmol/(g DCW-h)#1 12.80 mmol/(g DCW-h),
&) (Biomass) W (R2000) 7 S 4E 0.02 h ',

F1 AMZFGTHIRNRRE

Table 1 Fluxes comparison of part of metabolic reactions under two conditions (mmol/(g DCW- h))

SN 1D FanE Z1F A &1k B
Reaction ID Reaction name Condition A Condition B
R0978 O, transport (diffusion) 21.88 10.00
R1033 Succinate transport via proton symport —28.03 —22.20
R1165 Ethanol reversible transport 0 —10.39
R0363 Ethanol:NAD" oxidoreductase 0 —-10.39
R1083 CO, transporter via diffusion —7.86 -9.13
R1084 CO; transport (diffusion), mitochondrial —23.93 —16.12
RO786 Citrate hydroxymutase 11.97 7.09

e B SON AR R A 5 17 8 SCAIE DT, BT HRAR IR s A 20 i Sk J 1), i (8 A TE U S R TR 5 T BEA T, S S AR
Note: The direction of each reaction in the model is positive by default, i.e. the direction of red arrow on the visualization maps. The flux
value is positive, indicating the reaction along the positive direction, reverse the opposite.
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Figure 4 Ethanol production from pyruvate under two conditions

XoF I T A R S R I SE AT T A0 Ak B A5 SR 4y
M, BRI 5 Fros. BLEERHERIRER ik 8 A4~
O, AR H bR ek IR 2R AR Y R
(R2000), 4R J5*F H br ok B0 K A5 3 — 24 i &=
solutionB.x, H:H 8 FAFR A e ) Vi (R1033) ) I 12
& 12.80 mmol/(g DCW-h) . A= ¥ & KU (R2000) )7
B2 0.02 by MR BRI . LA
I (R2000) K H A5 pR&L, X H bR R &R KA1 31— 41
Uit solutionA .x, BEHIMRACH [N (R1033) A it it
0.01 mmol/(g DCW-h) ., =44 5 (R2000) 3 &
0.04 h™'o %2 WU TR RN A1 T A

i# 1k RAVEN toolbox H'pE%H construct Pathway
From Celldesigner Fll drawMap T Matlab H1{52 & A1+
i (solutionA.x F solutionB.x) T 28, SZ8
Ak

M1l 5 PTIL, bR 8 AN S B FAR 5S4 I 1
(R1033)A 3 2 H R SR AITAY 0.01 mmol/(g DCW-h)3
K #] 12.80 mmol/(g DCW-h), B R4 Y 2 i
(R2000) % A7 BT R R, HHRsRRGTAY 0.04 h' B %
0.02 h™', [HIEFARR M P F A RN I A . AR
5B AT LAF H ek B 2 S B ERR A G o0
K A 4B rh T R AR ——RO118, R0O889 1Y

b=
2
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WAEERE 12,71 mmol/(g DCW-h)): Hi o-Fil/ &
(akg[c]) 4 R BE FAFR - I (sucsal[c]), FA= BE IR
(succ[c]); &l 5C BoRTERPRIR G TCA JEA YT
e PR A TR IR(ROTS6), TR AL a-flI%
TR(RO787)IKI 43l 2 12.81 mmol/(g DCW-h)
12.73 mmol/(g DCW-h), A= T R a-Fi s R ;
o- i 8 — R P PR 4Ok A 32 a2 40 i B Y R
(R1092)%i % 12.72 mmol/(g DCW-h)., 40t )5 rh iy
KAt o-Fi —RRNA 5B Fras, 4 RO118. R0889
AL R IR HIRR o A2 LY K = BRI 15 &
R1033 iz fish .

FEEREY 8 AR ALFEA R0O00T,R0O002, RO004 ,
R0092., R0274 . R0362 . R0483 . R0598 ., H:f1 R0O001 .
R0002, R0004 #BiHILIENZR . RAATRFA 2
iz fX i} i& 7% (Alanine , aspartate and glutamate
metabolism)H, BEEEBRIEF X 3 AN N AR EH
FE o-FA IR, S3RCMBEFARRINAE 5 R0O362 H MY
Bribtte T CRR AR R, RN IR R AT AR
HHALY o-FRIE R, RO483 &R I iR 1%
(Pentose phosphate pathway)H HTHH—AN b, #
i R T LGRS B ik R K AR N R, N
o~ R . BRI A R AL RT Y BT RO092
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B
A
Command Window e
>> model=readCbModel('yli v1.7"):
>> solutionA=optimizeCbModel (model) :
>> tmodel=changeRxnBounds (model, { RO001” :” R0002” ;" R0004’ : R0092° :” R0274’ ;" R0362° :” R0483° :* R0598” :},0,7b°)
>> solutionB=optinizeChbModel (tmodel) ;
>> carbohydrate=constructPathwayFronCelldesigner (' Carbohydrate metabolism trans.xml’):
>> amino=constructPathwayFromCelldesigner (" amino_acid_trans.xml’):
>> lipid=constructPathwayFromCelldesigner (" Lipid Metabolism_trans.xml’):
» elldesigner (' Cofactor_Vitamin Energy_trans.xml’):
>> mucleoti y 11designer (' Nucleotide_metabolism_trans.xml’):
>> notMapped=drawMap (* Carbohydrate metabolisw’, model, solutionA lutionB. x, tmodel,” IK_succ_carbohydrate’ |
File saved as IK_succ_carbohydrate
>> notMapped=drawMap (" Amino Acid metabolism’, amino, model, solutionA. x, solutionB.x, tmodel, IK_succ_amino’):
File saved as IK_succ_amino
>> notMapped=drawMap (" Lipid metabolism’, 1ipid, model, solutionA. x, solutionB. x, tmodel,” IK_succ_lipid’):
File saved as IK_succ_lipid
>> notMapped=drawMap (' Cofactor Vitamin Energy metabolisn’, cofactor, model, solutionA. x, solutionB. x, tmodel, * IK_succ_cofacto]
File saved as IK_succ_cofactor
>> notMapped=drawMap (' Nucleotide metabolism’,nucleotide, model, solutionA.x, solutionB. x, tmodel,” IK_succ_nucleotide’): RO] I 9

File saved as IK_succ_mcleotide

Je>»

0.00513
0.00227

RO783
4-0.006216
-0.002751

RO789
0.006216
0.002751

-0.00513
-0.00227 |

B 5 AMHmARESMAIRHE R EEEF
Figure 5 Screenshots of commands for visualization and some results
7. A: Matlab #72- O i AR AT ALETE 4 ; B: #i#1 iYL619_PCP v1.7 H*Butanoate metabolism’ YA 4k ; C: £ iYL619 PCP v1.7
Hr<Citrate cycle (TCA cycle)’ iR i1k,
Note: A: Commands for visualization on Matlab command window; B: Visualization of Butanoate metabolism in iYL619 PCP v1.7; C:
Visualization of Citrate cycle (TCA cycle) iniYL619_PCP v1.7.
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Table 2 Fluxes comparison of part of metabolic reactions under two conditions

S 1D SR 44 FMEA XM B
Reaction ID Reaction name Condition A Condition B
R1033 Succinate transport via proton symport —-0.01 —12.80
R2000 Biomass 0.04 0.02
RO889 Succinate_semialdehyde:NADP" oxidoreductase 0 12.71
RO118 4 aminobutanoate:2 oxoglutarate aminotransferase 0 12.71
RO786 Citrate hydroxymutase 0.04 12.81
RO787 Isocitrate: NADP+ oxidoreductase (decarboxylating) 0.04 12.73
RO781 Succinate: CoA ligase (ADP_forming) —0.01 —0.00
RO789 Succinate: (acceptor) oxidoreductase 0.01 0.00
R0978 O, transport (diffusion) 26.46 33.82

R0362 Acetaldehyde: NADP" oxidoreductase 30.90 0
R0483 6_phospho D_gluconate: NADP" 2_oxidoreductase (decarboxylating) 0 0
R0598 3_Oxopropanoate: NADP" oxidoreductase (CoA_malonylating) 9.29 0
R0001 L _glutamate: NAD" oxidoreductase (transaminating) 0 0
R0002 L_Glutamate: NADP" oxidoreductase (transaminating) 0 0
R0004 L_Glutamate: NADP" oxidoreductase (deaminating) 0 0
R0092 Acetyl CoA: L _homoserine O_acetyltransferase 0 0
R0274 5,10_Methylenetetrahydrofolate: glycine hydroxymethyltransferase —4.77 0
R0279 3 Phospho D _glycerate: NAD'2_oxidoreductase 4.88 0.05
R1092 2_oxodicarboylate transporter, mitochondrial 0.03 12.72

SETHFEC BRI A BN, mR I AT LORIEAT 15
MRIE I ; RO274 2 HEMR . AR AR
1542 (Glycine, serine and threonine metabolism)
T —AN R, R0274 F1 R0294 #R AT DL SEHL 22 54
TR AN H 2 BR B A B Ak, RO274 B bR IA ik 12
rh SO i AR R R, R TR BT 3-BE IR
H Il R (3gple]) 9 5 R (RO279) i it f2t F Rl BRI A
4.88 mmol/(g DCW-h)f%>4 0.05 mmol/(g DCW-h),
FEASEZIE R B SR AL A I RTEE T, IR UEREEE A
AR 3-BRIR HHER vT LA S 5% AL S N PR o
3 i

S B RLRY {5 B2 SR T A Ak 22 A
CellDesigner 2l SHEYAHVCEC A . 2l 11 A
[F] Fsf -t 2 A5 7Y o AR 3F 2K i (Meetabolic - dead-ends) Fll
AR5 (Metabolic gaps)i & PR, S% Hoh
MR ECEE A BRI R TR FE A 53t ] DA
T BT ST e R A 1

JE T A {7 1 P Gl R 98 5 FVA (Flux
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variability analysis) /AT 0 £ S 0 Y i e A8 A0
Fil, it FBA (Flux balance analysis)#T
BEN N —H i U, XHBIEAME—1 . FTLL
AT ELAE TR TR 3 T, X B B (T
AR B SN, a3 B AR P A2 %1%
NAEPFR AT 1) FVA iR b Ve e

PEB ) SR T B E EDW MR B, XA
AN AT RN 2 oE AT X
Log,(|condition A|/|condition B|)3%|—A~ T [X.[A]
[ 1V AT 1o T R P A A o IR 2 b f) — e
B, AR AR SO HE Y I S (R R AE i
AR, AR BRI RNE T ALK/ 1Y
PRI T I A 22 KT 10 f5i), HZnThE
HHZEREECRTCTT , WU AR R SR
T 1 8E/INT-1, BB R NAE B R4 1 3351
WEATAREE Y55 A TR E A HE R T 440 B i
A XTI, XoF KBS 45 [0, 1] IX (B S 4 €25 AH S )
X R R JBE 25 [—1,0] X [A] 2T 44, A Y P 2 3 o — 4>
RIEfE—A R ARG DL BSR4



] B AR A T Matlab X A HIS PG ) 56 PR A ARASEAC A P00 2% A5 80 5 45 SR ] LAk 23 A 1761

WIS R HE N AN A BLFEBIE,,  TTAE YB3 (58 1 4
KX 3o Jidh, MR RN T EROAMERE X
RN 0, WAL IE R VHET; (H2Y
SAE R 53— Nt s EA R 0 I, it O HE A
S0 ihE

W7 s RO PRI [6] 2644 i AR O i gk A T
Fedss, ZH/AF Logio(|condition A|/|condition B|)Uk
AER iz AR RN A s AR g
TRE 2R N AE RS FE B, o X B AN 45 1 T R4 T 1L
B, WRFES—MEHERNSIRH, 55—t
YERNT A . #7 SEB—Rh SR Rl Al . & OV
T (A1 AN ] F A (R T BT A S It it A HE T ) R
S IOAE F S FE B €0 A AR ] DAY .
BT Z R R T (= 3) LB B R AT AL AT
AJ DA I 7 B S I A 1) bR (S g 2 L X REA)
ST T 1k SR 2 M 2R 1E (= 3) T 7 4G
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PR BB . AR CER AT LASE IR R AR 1 =)

WESIZE, JERVFAN T g KRt I E R
FIRAE, dn] DIBUR AN T2 X — g8 mfid #e . 5350,
FrBETT R — K AR, B nT AL i A
PR, AT LA R B AR 4, %
TR B b PR E L AT AR S B R AR A
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XbF Rl B A RE I AE 2 1 [ 3l 7 AR
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