Supplementary Material (ESI) for Molecular BioSystems
This journal is (c) The Royal Society of Chemistry, 2011

Supplementary material

The kinetic reactions of the HOG network shown in Fig. 1 in the main text are listed
below:
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The above reactions can be translated into a set of ordinary differential equations
(ODE):

ODEs for upstream part of the Shol branch

d

—[shol] =-b, *[shol] + b_, *[shol

dt active ] + k_d_Sh01 * [ShO 1_’[)]

%[shol_active] =b, *[shol] - b, *[shol_, .]-b,*[shol active]*[pbs2] + b, *[shol pbs2]+
b, *[shol_pbs2pp_stellpp_ste20] - k_shol_hogl#*[shol_active]*[hoglpp] + bl*[shol];
%[shol _pl=k shol hoglx*[shol active]*[hoglpp] -k d shol*[shol p];
%[steZO] =-b, *[shol pbs2 stell]*[ste20] +b_, *[shol pbs2 stell ste20]
+ b, *[shol_pbs2pp stellpp_ste20];
%[stel 1] =-b, *[shol_pbs2]*[stel1] + b, *[shol pbs2 stell]+ p, *[stellp MAPKKK p];
%[shol_pbs2] =Db, *[shol_active*pbs2]-b, *[shol pbs2]-b, *[shol pbs2]*[stell]
+ b, *[shol_pbs2 stell];
%[shol_psz_stel 1] =b, *[shol_pbs2]*[stell] - b, *[shol_pbs2_stell]
-b, *[shol _pbs2_stell]*[ste20] + b, *[shol pbs2 stell ste20];
%[shol _pbs2 stell ste20] =b, *[shol pbs2 stel1]=*[ste20]-b_, *[shol pbs2 stell ste20]
- b, *[shol pbs2 stell ste20];
%[shol _pbs2_stellpp ste20] = b, *[shol_pbs2 stell ste20]
- b, *[shol_pbs2_stellpp_ste20];
d [shol_pbs2pp stellpp_ste20] = b, *[shol_pbs2_stellpp_ste20]

dt
-b, *[shol_pbs2pp_stellpp_ste20];
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%[stel Ip] = p, *[stel1pp_MAPKKK p] - a, *[stel Ip]*[m_p_tot - stellp. MAPKKK p
- stellpp MAPKKK p] +d, *[stellp MAPKKK p];

%[Stel 1pp] =b, *[shol_pbs2pp_stellpp_ste20] -a, *[stel 1pp]*[m_p_tot - stel Ip. MAPKKK p
-stellpp MAPKKK p]+d7x*[stellpp MAPKKK p];

%[stel Ipp MAPKKK p]=a7#[stel Ipp]*[m _p tot-stellp MAPKKK p -stellpp MAPKKK p]
- (d,+p,) *[stel Ipp_ MAPKKK p];

%[stel Ip_MAPKKK_p] =a, *[stellp]*[m_p_tot - stel I]p. MAPKKK p -

stellpp MAPKKK p] - (ds+p,) *[stel 1p. MAPKKK p];

ODEs for upstream part of the SInl branch

%[slnl] =k *[sInl_ypdlp]- k5 *[sIn1]*[ypdlp] - k *[sInl] - [sInl]* v, - [sIn1]*
%[slnlp] = -k, *[sInlp]*[ypd1l] + k_; *[sInlp_ypd1] + k *[sInl] - [sInlp]* v, - [sInlp]* u

%[slnlp_ypdl] =k, *[slnlp]*[ypdl] - (k_;+k,)*[slnlp_ypdl] +k_, *[slnl_ypdlp]

- [sinlp_ypd1]#*v, - [sInlp_ypd1]=* u

%[slnl_ypdlp] =k, *slnlp_ypdl - (k,+k;)*slnl_ypdlp + k 5 *[sIn1]*[ypd1p]

- [sInl_ypdlp]*v, - [slnlp_ypdlp]* u

i[ypdlp] =kj *[sInl_ypdlp] - k 3 *[sInl]*[ypd1p] - k, *[ypd1p]*[sskl]

dt
+k 4 *[ypdlp_sskl] - [ypdlp]*v, - [ypd1p]* u
%[ypdl] = -k, *[sIn1p]*[ypd1]+k_ *[sInlp_ypd1]+kg *[ypd]_ssklp] - [ypd1]*v, - [ypd1]* u

%[ypdlp_sskl] =k, *[ypdlp]*[sskl] - (k4 +ks)*[ypdlp_sskl] + ks *[ypdl_ssklp] - [ypdlp_ssk1]#* u
- [ypdlp_sskl]*v,

%[ypdl_ssklp] =ks *[ypdlp_sskl] - (k s+ke) *[ypdl_ssklp] - [ypdl_ssklp] *v,-[ypdl_ssklp]* u
%[ssklp] =k *[ypdl_ssklp] - k; *[ssklp] - [ssklp]*v, - [ssklp]* u

%[sskl] =-k, *[ypdlp]*[ssk1] + k_4 *[ypdlp_ssk1] + k, *[ssklp] - kg *[ssk1]*[ssk2]

+ (k_g+tmg) *[sskl_ssk2] - [sskl]#* v, - [sskl]* u
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%[ssk2] = - kg *[sskl]=*[ssk2] + k ¢ *[sskl_ssk2]+ mg *[ssk2p_pase] - [ssk2]* v - [ssk2]* u

%[ssl&p] =myg *[sskl_ssk2]- kg *[ssk2p]#[pase_total - ssk2p pase] + k 4 *[ssk2p_pase]

-k *[ssk2p] *[pbs2] + (k_o+my,) * [ssk2p_pbs2] - k;, *[ssk2p]* [pbs2p]
+ (k_j;+tmy,) *[ssk2p_pbs2p] - [ssk2p]* v, - [ssk2p]=* i

%[sskl_ssl&] = kg *[sskl]*[ssk2] - (k g+mg)*[sskl_ssk2] - [sskl ssk2]#*v, - [sskl_ssk2]* u
%[ssl&p_pase] = kg *[ssk2p] *[pase_total - ssk2p_pase] - (k_g+my) *
[ssk2p_pase] - [ssk2p_pase]* v,- [ssk2p_pase]* u

%[sskZpiprZ] =k *[ssk2p] *[pbs2]- (k_;o+m,,) *[ssk2p_pbs2] - [ssk2p_pbs2]#* v, - [ssk2p_pbs2]* u

%[sskZpiprZp] =k, *[ssk2p]*[pbs2p] - (k_;;+m;;) *[ssk2p_pbs2p] - [ssk2p_pbs2p]* v - [ssk2p_pbs2p]* u

ODEs for MAPKK Pbs2 and MAPK Hogl phosphorylation and dephosphorylation:

%[pbsﬂ = -k, *[ssk2p] *[pbs2] + k ;o *[ssk2p_pbs2] + p,o *[pbs2p_E]- b, *[shol_active] *

[pbs2] +b_, *[shol pbs2] - [pbs2]#*v,- [pbs2]=* u
%[pszp] =my *[ssk2p_pbs2] - ki, *[ssk2p]*[pbs2p] + k_;; *[ssk2p_pbs2p] + py *[pbs2pp_E]

- a;o *[pbs2p]*[E_total - pbs2p_E - pbs2pp_E]J+ d;, *[pbs2p_E] - [pbs2p]*v,- [pbs2p]* u
%[pbs2pp]: my; *[ssk2p pbs2p] - aq *[pbs2pp] *[E_total-pbs2p E - pbs2pp_ E]

+dy *[pbs2pp_E] - a;; *[hogl_cyt]*[pbs2pp] + (d;;+p;;) * [hogl_cyt pbs2pp]
- ayy *[hoglp_cyt]*[pbs2pp] + (dj, +p;,) *[hoglp_cyt_pbs2pp]
+ by *[shol_pbs2pp_stel1pp_ste20] - [pbs2pp]* v, - [pbs2pp]* 1

%[pbs2pp_E] = ag *[pbs2pp] *[E_total-pbs2p_E-pbs2pp_E] - (dg+py) * [pbs2pp_E]
- [pbs2pp_E]* v, - [pbs2pp_E]*
%[pbs2p_E] =29 *[pbs2p] *[E_total-pbs2p E-pbs2pp_E] - (d;9+p;o) *[pbs2p_E]
- [pbs2p_EJ*v,- [pbs2p E]* u
%[hogl_cytk -ay *[hogl_cyt]*[pbs2pp] + d;; *[hogl_cyt_pbs2pp]
+ p14 *[hoglp cyt ptp_cyt] - (k_hogl trans2)*[hogl cyt]
+ (k_hogl transl)#*[hogl nuc]*(v_nuc/v_cyt) - [hogl_cyt]*v.- [hogl_cyt]* u
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d
o Lhoglp_eyt] =py, *[hogl_cyt pbs2pp] -, * [hoglp_cyt]*[pbs2pp]

+ py3 *[hoglpp_cyt ptp_cyt] - a;4 *[hoglp_cyt]*[ptp_cyt total
-hoglp_cyt ptp_cyt-hoglpp_cyt ptp_cyt] +d;, *[hoglp_cyt pbs2pp]
+dy4 *[hoglp_cyt ptp_cyt] - [hoglp_cyt]* v, - [hoglp_cyt]* u

d
E[hoglpp_cyt] = py, *[hoglp_cyt pbs2pp] - a;; *[hoglpp_cyt]*[ptp_cyt total

- hoglp_cyt ptp_cyt - hoglpp_cyt ptp_cyt] + d;3 *[hoglpp_cyt_ptp_cyt]
- [k_hoglpp_trans]*[hoglpp_cyt] - [hoglpp_cyt]* v - [hoglpp_cyt]* u

%[hoglpp_nuc] = (k_hoglpp_trans)*[hoglpp_cyt]*(v_cyt/v_nuc) - a5 *[hoglpp_nuc]*
[p_n_total - hoglp ptp_nuc - hoglpp_ptp_nuc] +d;5 *[hoglpp_ptp_nuc];
%[hoglp_nuc] =p;5 *[hoglpp_ptp_nuc] - a;4 *[hoglp _nuc]*[p_n total - hoglp ptp_nuc
- hoglpp_ptp_nuc] +d,s *[hoglp_ptp_nuc];
%[hoglinuc] = p;¢ *[hoglp_ptp_nuc] + (k_hogl_trans2)*[hogl_cyt] *(v_cyt/v_nuc)
- (k_hogl transl)*[hogl nuc];
%[hogl_cywbﬂpp] =a;; *[hogl_cyt]*[pbs2pp] - (d;; +p;;) *[hogl_cyt_pbs2pp]
- [hogl_cyt_pbs2pp]*v,- [hogl_cyt pbs2pp]* u
%[hoglp_cyu)bﬂpp] = ay, *[hoglp_cyt]*[pbs2pp] - (d;, +p;,) *[hoglp_cyt_pbs2pp]
- [hoglp_cyt pbs2pp]* v, - [hoglp_cyt pbs2pp]* u
%[hoglpp_cymtp_cyt] = a3 *[hoglpp_cyt]*[ptp_cyt total - hoglp_cyt ptp_cyt

-hoglpp_cyt_ptp_cyt] - (d;3+p;3) *[hoglpp_cyt ptp_cyt]
- [hoglpp_cyt ptp_cyt]* v, - [hoglpp_cyt ptp_cyt]* u

%[hoglp_cyuotp_cyt] = ajyy *[hoglp_cyt]*[ptp_cyt_total - hoglp_cyt ptp_cyt

-hoglpp_cyt ptp_cyt] - (d;4+py4) *[hoglp_cyt ptp_cyt]
- [hoglp_cyt ptp_cyt]* v, - [hoglp_cyt ptp_cyt]* u

%[hoglpp _ptp_nuc] = a;5 *[hoglpp_nuc]*[p_n_total - hoglp ptp nuc - hoglpp ptp nuc]
- (dy5+py5) *[hoglpp_ptp_nuc];
%[hoglp _ptp_nuc] = a;, *[hoglp_nuc]*[p_n_total - hoglp ptp nuc - hoglpp ptp nuc]

- (dig1Pp16) *[hoglp_ptp_nuc];
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ODEs for mRNAs and proteins induction:

%[mRNA_nuci] = kts; *[hoglpp_nuc] - kex; *[MRNA_nuc; ]
%[mRNA_cyti] =kex; *[mRNA_nuc; ] *(v_nuc/v_cyt) - krd; *[mRNA_cyt;] - [mRNA_cyt;]*v,

%[proteini] =ktl, *[mRNA_cyt;] - kpd, *[protein; ] - [protein;]* v,;

(1= 1 for genes responsible for glycerol production, i= 2 for genes responsible for
phosphatases and i=3 for genes PYK and PDC1 )

ODEs for metabolic reactions:

v2=h2/(1+((h21/(ATP)) * (1+(ADP/h22))) +
(h23/(gluc))+((h21/(ATP)) * (h23/(gluc)) * (1+(ADP/h22))));
v3=(proteinl/protein10)*w1* h3 * ATP * G6P/((h31+ATP) * (h32+(G6P)));
v4=h4 * (FBP-(GAP * DHAP/Keq4))/(kFBP4+FBP+kDHAP4 * GAP/(Keqg4 * vbf4)+
kGAP4/(Keq4 * vbf4)+FBP * GAP/(KIGAP4)+GAP * DHAP/(Keqg4 * vbf4));
v5=h5 * (DHAP-GAP/Keq5)/((KDHAPS5 * (1+GAP/KGAPS)+DHAP);
v6=h6 * GAP * NAD * ADP;
v7=h7 * ADP * Pyr * NAD/(KNAD7 * Pyr+KPyr7 * NAD+KI7 * NADH);
v8=h8 * Pyr * NAD/((k81+Pyr) * (k82+NAD));
v9=h9 * Pyr * ATP/((KPyr9+Pyr) * (KATP9+ATP));
v10=h10*G6P * ATP/((KG6P10+G6P) * (KATP10+ATP));
v11=h11#* (proteinl/protein10)*w4 * (DHAP * NADH-G3P * NAD/Keq11)/
(1+DHAP/kd11+NADH/kn11+G3P * NAD/kh11);
v12=h12 % G3P * (protein1/protein10)"w5;
v13=h130* (glyc-glycex); h130 = h13*KIhog/(Klhog + Hoglpp);
v14=h14 * NADH * ADP/(KADP14+ADP);
v15=h15*NAD;
v16=h16* ATP/(KATP16+ATP);
ppc = ((protein3/protein30)"bm) * 1papmax * (Pyr*n9)/(ka9 + kpyr9 + kpyr9 * Pyr + Pyr*n9);
Txpy = (vfw * ALD * NADH/(kp *kiq) - vaw * (EtOH * NAD)/(kia * kb))/(1+EtOH/kia
+ ka * NAD/(kia * kb) + kq * ALD/(kp * kiq) + NADH/kiq + EtOH * NAD/(kia * kb)
+ kq * EtOH * ALD/(kia * kp * kiq) + ka * NAD * NADH/(kia * kb * kiq)
+ ALD * NADH/(kp * kiq) + EtOH * NAD * ALD/(kia * kb * kip)
+ NAD * ALD * NADH/(kia * kb * kiq));
Ta1gn = (proteinl/proteinl0) W2 # 1y qpmax * ALD/(kAldel1 + ALD + ALD"2/kIAldel1);
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d

—[gluc_ext]=vl*x/p;

q gluc_ext] P

d — .

a[gluc]—vl—v2—gluc * v -gluc * u;
%[G6P]=v2-v3-v10-G6P * v, -GOP * u;

d

E[FBP]:\G -v4-FBP * v -FBP * u;
%[GAP]=V4+V5-V6-GAP * v, -GAP * u;
%[DHAP]:V4—V5—V1 1-DHAP * v,-DHAP * y;

d

a[PyI‘]:V6—V7—V8—V9—Yp/X UX-Pyr * v -Pyr* p;
%[G?)P]:Vl 1-v12-G3P * v -G3P * y;

d

a[glyc]=v12-v13- glyc * v, -glyc * y;

d

—[glycex]=(v13*x/p);

dt

%[NADH]=V6+4 *v7-v8-v11-v14+v15-NADH * v -NADH * 4;
%[NAD]=—V6—4 * V7+v8+v11+v14-v15-NAD * v -NAD * y;
%[ATP]=—V2-V3+2 * vo+v7-v9-v10+3 * v14-v16-ATP * v -ATP *

%[ADP]=V2+V3-2 * vO-v7+v9+v10-3 % v14+v16-ADP * v -ADP * p;

dEcx We p
T =(Viu)"™ (KEmhlEint K oz *E e Ky g/ (K, TGlU, ))i
dALD
& =topc Tapn Taan T KIG2/(KIG2+gluc_ext)-ALD*p-ALD*v,
A Koo ¥E KL L ¥E ¥k /(K TG E_*v -E_*
dt “Tapn BoEonl Pint T™Eoh2 Pext Kigl ( lglu u, )-E, v B Fu
dX
at = (/ul + ;Uz) X
where ,
pyr Acet
lul = lulmax and /uz = :u2max

Ko, + PYr Kacer + Acet
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Equations for external and internal osmotic pressure, turgor pressure and volume
regulation (Klipp et al 2005)

7o = 71§ (1—exp[—t/ A 1) + 7 - expl—t/ Ay

Ves =V,
”t:”to'[l_ 0s 0s \J

Vc?s_V”:O
d dc
_ﬂ-i :ﬂ'i —_
dt c-dt
d
ECZVlz —Vi3=C-V;
d

EVOS =kp- (7 — 7o + 1)

d d d
avtotal = E oyt = avos
Vos = Viotal = Vb
dVs

VTVt
os °
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The present model includes 188 parameters which are listed in Table S1 below:

Table S1. Parameters.

Parameters from (Parmar et al 2009)

k=27 uMs"
k,=2205s"

ks= 5674 uyM 5™

k; = 0.4079
h3=0.895 mM s
he=45.127 mM? 5™
ho=0.8090 mM s™!
h,=.0162s"

hjs- 1.1235 s
hs;;=0.01 mM
hy;=2 mM
kDHAP4 = 2.0 mM
KIGAP4 = 10 mM
KGAPS5 = 0.064 mM
KI7=20 mM

KPyr9 =0.92 mM
KATP10 = 0.4 mM
khll=.2mM
nl3=4

kts2 = 0.00045 s™
ktl2 =0.00125 s

kex1 =0.0037 s

k;=315s"
k;=5680s"
ks=485s"
v0=1296 mM s’
h4=1.8764e6 mM s’
h;=639.137 5™
hio=1.9377 mM 5™
hj3=0.005 s
his=99.887 mM s
hy=1.2 mM

Kegs= .81 mM
kGAP4 =2.0 mM
Keq5 =0.045 mM
KPyr7 =70 mM

ks = 1.2 mM
KATP9 = 13.2 mM
kdl1=.37mM
Keqll =37
KADP14 = 0.42 mM
kex2 =4.9129¢-5 5™
kpd2 =1.4e-4 s

krdl =3.4165 s

k,=34.75s"
k3;=787 uM s™!
ks=150s"
h,=1.777 mM s
hs=190 mM s™
hg=5.6425 mM s
hy=7.1507 (mM s)’!
hy4=384.024 5"
hy=0.2 mM
h3,=0.012 mM
kFBP4=0.054 mM
vbf4 =5 mM™!
KDHAP5 = 0.38 mM
KNAD7 = 160 mM
kg =.6 mM
KG6P10 =2.7 mM
knll =0.6 mM

kx = 6.67¢l
KATP16 =5 mM;
krd2 =0.0337 s
kts1 =0.0005 s~

ktll = 0.0205 s™!
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kpdl =0.000219 s™
a7=12.3228 uM''s™
al0=20 pM's™
al3=5.3730 uM’'s™!
al6=17.3685 uM's™!
d9=0.5000s"
d12=3.1302s"
d15=1.1399 s
p8=1.6055s"
pl1=0.8843 s

pl4 =3.6934 5!

b0 = 6.4749¢-005 s~
b,=0.9316 uM 5™
b3m=6.1490 5™
b5=9.93755"

b8 =0.0228

¢, =7.0577 uM s™!
ksholhogl = 0.0054 pM s™
m=26.7

=2

kdste50 = 2.4152¢-004 s™!

k hogl trans2 =0.091 s

a8 =16.4983 uM''s™!
all =5.3950 uM's™!
al4=32143 yM’'s™
d7=28.2082s"
d10=10.1000 s
d13=2.7054 s
d16=0.6163s"
p9=0.1145s"
pl2=14.8499 s
pl5=55"

b, =0.9294 s
a,=1.24665s"
b4=19.9717 uMs™
b6 =9.9990 5™
c0=0.8660 s

¢ = 5.4609

kdshol = 7.9829¢-006 s

Parameters obtained from Hynne et al. (2001)

Vm=16.9160 mM s

k211G6P =7.2 mM

k2glc =1.1034 mM

kIAldel1l =0.19 mM?

a9 =20 uM's™
al2=5puM's"
al5=8.3071 uM's™
d8 =4.2664 s
d11=4.5230s"
d14=4.1749 s
p7=2.38225s"
pl0=10.5337s"
pl13=438715s"
pl6=1s"

b, =0.2253 uyM s™!
b3=21.9422 yM ™!

b4m = 1.0000e-010 s

b7 =10.0065 s
c;=1.00195s"
c;=5.2990s"

kste50hogl = 1.0296 pM s™'
r=1
ms = 16.0638

k_hogl trans1 =0.115s"

k21G6P =1.2 mM

kAldel1 =0.10
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mM K2ATP = 0.0880 mM K2Glc=0.0139 mM ka=17 mM

kpyr9 = 4.93 mM vfw =700 mM s™' rAldhmax =0.98 mM s’
vaw =10 mM s’ rPADmax =2.62 mM s kb=0.17 mM
kp=0.11 mM kq=1.11 mM kia=90

kib =2.92 mM kip =10.5 mM kig=1.1 mM
Parameters fitted to experimental data

kn = 0.6985 cm=311 an =0.2735
dm=1.2 cnn = 149 w4 =04;

w5 =0.4; am = 0.2688 bm = 0.0428

w2 =0.0483 gn=14 kts3 =0.0032
kex3 = 0.0251 krd3 =2.8063 ktl3 = 1.7186e-007
kpd3 = 2.6962¢-004 bn=2.3816 el =3.4743

KIG2 = 0.0813 mM kTCA 0.373 mM wl=0.01

kETH1= 0.4 mM kETH2 = 0.2 mM kACET =350 mM
kTCAC =0.04 mM kpy =40 mM Klhog = .001;
phog = 0.3; KIhog = 0.12; phog = 2;

w3 =4.6; kn=10.8;
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Figure S1: Comparison of the model simulation with experimental data for a wild-type
strain for 0.8 M NaCl concentration depicted in (A) glucose and (B) biomass. Model

simulations are depicted by solid line and experimental data are represented by symbol.
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As discussed in the method section in the main text, we used the metric | for biomass and
activated Hogl for global sensitivity analysis. For each case, based on the K-S value (see main
text), we ranked 188 parameters which are shown in Table S2 and Table S3 for biomass and

activated Hogl, respectively.

Table S2. Parameters ranking based on the | metric used for biomass.

rank 0.5 M NaCl 1 M NacCl

1 'am  Pyk regulation’' ‘w3 Glucose ihnibition'

2 'kpd3  Pyk regulation ' 'kpd3  Pyk regulation '

3 'hll DHAP -->G3P' 'w5 Gpd1 regulation '

4 'dl13  <--hoglpp cyt ptp cyt' 'kip  ALD --> Ethanol'

5 'K2Gle  GLU --> G6P' 'bn _ Specific growth Inhibition’'
6 'blm msb2a --> msb2' ‘w4 Gpdl regulation '

7 'kn glycerol --> DHA' 'am _ Pyk regulation'

8 ‘w4 Gpdl] regulation ' 'km8  <--sskl ssk2'

9 'w2  ALDS6 regulation' 'kia  ALD --> Ethanol'

10 'em glycerol --> DHA' k7 ssklp >

11 'lemda2 Glycerol --> DHA' 'mll  ssk2p pbs2p -->'

12 'd9  <--pbs2pp E' 'al3  hoglpp cyt+ ptp -->'
13 'kml  <--slnlp ypdl' 'all  hogl cyt+pbs2pp -->"'
14 'h32  G6P -->FBP' 'Vm  max glucose uptake'

15 'kmll  <-- ssk2p pbs2p' 'kpd2  PTP regulation

16 'all  hogl cyt+ pbs2pp -->' 'k10  ssk2p + pbs2 -->'

17 'kETH1  Ethanol export' 'bm_ Pdcl regulation’

18 'k211G6P  Glucose uptake' 'kmll  <-- ssk2p pbs2p'

19 'krdl  Gpdl1 regulation ' 'an  DHA -->DHAP'
20 ‘a7 stellpp + MAPKKK p -->

'bm  Pdcl regulation' stel l]pp MAPKKK p'

21 'Keq5 DHAP --> GAP' P9  pbs2pp E -->'
22 'dl1  <--hogl cyt pbs2pp'’ 'ka9 PYR-->ALD'
23 'd16  <-- hoglp ptp nuc' 'clm cdc42ste20 -->'
24 'al3  hoglpp cyt+ ptp -->' 'kts2  PTP regulation '
25 'kex2  PTP regulation ' 'c2m _cde42ste20stel Iste50 -->'
26 'h130  glycerol transport ' 'vfw  ALD --> Ethanol '
27 'kKFBP4 FBP --> GAP + DHAP' 'w2  ALDG6 regulation’
28 'kpd2  PTP regulation ' 'KNAD7 PYR-->CO2'
29 'KPyr9 PYR --> BIOM' 'kTCA  Acetate to TCA cycle'
30 't shol deactivation' 'ktll  Gpdl regulation '

31 'el  Ethanol uptake regulation’ 'vbf4  FBP --> GAP + DHAP'
32 'a2 msb2ashol --> msb2a +

shol active' 'kste50hogl  ste50 + hoglpp -->'

33 'KATP9 PYR --> BIOM' 'h32 G6P -->FBP'

34 'h15 NAD -->NADH' lemda2  Glycerol --> DHA'
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35 'b2 msb2a + shol --> msb2ashol’ 'h130  glycerol transport '
36 'b0 msb2 --> msb2a' 'b2m msb2a + shol <-- msb2ashol’
37 'q2 _ ste50 phosphorylation' 'h7  PYR-->CO2'
38 'KIG1  Glucose inhibition to ethano
upatke' 'rAldhmax ALD to Acetate'
39 'an  DHA -->DHAP' 'al2  hoglp cyt+ pbs2pp -->'
40 'K2ATP  GLU --> G6P' 'K2Glc  GLU --> G6P'
41 'kpyr9 PYR -->ALD' 'b7 sholapbs2ppstel 1ppste50 dissociation’
42 'dl4  <--hoglp cyt ptp cyt' 'm  msb2 activation'
43 'n  Slnl activation' 'h3  G6P -->FBP'
44 'kp ALD --> Ethanol' 'kTCAC  Acetate to TCA cycle'
45 'kACET Acetate --> BIOM ' 'km3 slnl + ypdlp -->"'
46 'b2m  msb2a + shol <-- msb2ashol' 'k2glc  Glucose uptake'
47 'kdll  DHAP --> G3P' 'h15 NAD -->NADH'
48 'ml0  ssk2p pbs2 -->' 'q2  ste50 phosphorylation'
49 'km8  <--sskl ssk2' 'k21G6P  Glucose uptake'
50 'kl  slnlp + ypdl -->' 'p7 stellpp MAPKKK p -->'
51 'c0 Cdc42 + Ste20 -->' 'a9 pbs2pp + E total -->'
52 'kqg  ALD --> Ethanol' 'km9  <-- ssk2p pase'
53 'b3 shola + pbs2 -->' 'ml0  ssk2p pbs2 -->'
54 'kKTCAC  Acetate to TCA cycle' 'KATP10  G6P -->FBP'
55 'al0  pbs2p + E_total --=>' 'kp  ALD --> Ethanol'
56 'd12  <--hoglp cyt pbs2pp' 'krdl  Gpdl1 regulation '
57 'km3 slnl + ypdlp -->"' 'kl slnlp + ypdl -->'
58 'p13  hoglpp cyt ptp cyt-->' 'pl0  pbs2p E-->'
59 'kdshol sholp --> shol' 'km2  <--slnl_ypdlp'
60 'k2  slnlp ypdl -->' '"KATP16  ATP --> ADP'
61 'b4  stell +ste50 -->' 'b2 msb2a + shol --> msb2ashol’
62 'km4 <-- ypdlp sskl' 'h6 GAP -->PYR'
63 'ksteSOhogl  ste50 + hoglpp -->' 'p15  hoglpp ptp nuc -->'
64 'h7 PYR-->CO2' 'kig  ALD --> Ethanol'
65 'k2glc  Glucose uptake' 'cnn  DHA --> DHAP'
66 'ka  ALD --> Ethanol' 'h10  G6P -->FBP'
67 'h4  FBP --> GAP + DHAP' 'vaw  ALD --> Ethanol '
68 'km9  <-- ssk2p pase' 'kFBP4  FBP --> GAP + DHAP'
69 P9  pbs2pp E -->' 'wl PFK regulation'
70 'hS DHAP --> GAP' 'pl4  hoglp cyt ptp cyt-->'
71 'h12  G3P --> Glycerol' 'krd3 ~ Pyk regulation '
72 'vbf4  FBP --> GAP + DHAP' 'kn glycerol > DHA '
73 'KATP10  G6P --> FBP' k6 ypdl ssklp --=>'
74 'h3 G6P -->FBP' 'c0Cdc42 + Ste20 -->'
75 'ktl2  PTP regulation ' 'kGAP4 FBP --> GAP + DHAP'
76 'k8  sskl + ssk2 > 'kpyr9 PYR -->ALD'
77 'k7  ssklp -->' 'kDHAP4 FBP --> GAP + DHAP'
78 'kpy PYR -->BIOM' 'k _hoglpp trans  hoglpp cyt -->hoglpp nuc
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79 'KGAP5 DHAP --> GAP' 'dll  <--hogl cyt pbs2pp'
80 'k10  ssk2p + pbs2 -->"' 'b5 sholapbs2 -->shola + pbs2 active'
81 'k6  ypdl ssklp -->' m9 PYR-->ALD'
82 'a7  stellpp + MAPKKK p --> 'a8 stellp + MAPKKK p -->
stel Ilpp MAPKKK p' stel lp MAPKKK p'
83 'bn_ Specific growth Inhibition’ 't shol deactivation'
84 'kex]  Gpdl regulation ' 'KIGI  Glucose inhibition to ethano upatke'
85 'kb  ALD --> Ethanol' 'Keqll  DHAP --> G3P'
86 'q  shol deactivation' 'Keq5 DHAP --> GAP'
87 'pl6  hoglp ptp nuc-—>' 'kq  ALD --> Ethanol'
88 'km2 <--slnl ypdlp' k2 slnlp ypdl -->'
89 'Vm  max glucose uptake' 'al0  pbs2p + E_total -->'
90 'vfw  ALD --> Ethanol ' 'KPyr7 PYR-->CQ2'
91 'kpdl  Gpdl regulation ' 'phog  glycerol transport '
92 'ktll  Gpdl regulation ' 'a2 msb2ashol --> msb2a + shol active'
93 'ksholhog!l shola + hoglpp -->' 'd8  <--stellpp MAPKKK p'
94 'w3  Glucose ihnibition' 'klIAldell  ALD --> Acetate'
95 'kts2  PTP regulation ' 'kt12  PTP regulation '
96 'enn  DHA --> DHAP' 'n Slnl activation'
97 'KDHAP4 _ FBP —> GAP + DHAP
' ‘el Ethanol uptake regulation’
98 'KDHAP5 DHAP --> GAP' 'h14 NADH -->NAD'
99 'h9  PYR -->BIOM' 'b4m _stel Iste50 --> stell + ste50'
100 'pll  hogl cyt pbs2pp -=>' 'dl4  <--hoglp cyt ptp cyt'
101 'k9  ssk2p + pase_total -->' 'pl6  hoglp ptp nuc -->"
102 'kiq  ALD --> Ethanol' 'kex3  Pyk regulation '
103 'mll  ssk2p pbs2p -->' 'h12  G3P --> Glycerol'
104 'k hoglpp trans  hoglpp_cyt-->
hoglpp nuc' 'k5  ypdlp sskl --=>'
105 'KG6P10  G6P --> FBP' 'h9 PYR-->BIOM'
106 'oen  DHA -->DHAP' 'kAldell  ALD --> Acetate'
107 'Keq4  FBP --> GAP + DHAP' 'krd2  PTP regulation '
108 'k21G6P  Glucose uptake' 'KIGAP4  FBP --> GAP + DHAP'
109 'm9  ssk2p pase -—>' 'kts3  Pyk regulation'
110 'KATP16  ATP --> ADP' 'q shol deactivation'
111 'kts]  Gpdl regulation ' 'kdshol sholp --> shol’
112 'c2' 'd13  <--hoglpp cyt ptp cyt'
113 k11  ssk2p + pbs2p -—>' 'kts1  Gpdl regulation'
114 'h31 G6P -->FBP' 'pll  hogl cyt pbs2pp -->'
115 'd§  <--stellpp MAPKKK p' 'k11  ssk2p + pbs2p -->'
116 'kIAldel1  ALD --> Acetate' 'd9  <--pbs2pp E'
117 'TPADmax PYR -->ALD' 'h2  GLC --> G6P'
118 'KADP14 NADH -->NAD' 'b0 msb2 --> msb2a’
119 'krd3  Pyk regulation ' 'kml <--slnlp ypdl'
120 'Klhog  glycerol transport ' 'k4 ypdlp + sskl -->"'
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121 'k5  ypdlp sskl -->' 'k9  ssk2p + pase_total -->'
122 'd7  <--stellpp MAPKKK p' 'vi _ glycerol --> DHA'
123 'a9  pbs2pp + E total -->' T2 ste50 phosphorylation’
124 'h6 GAP -->PYR' 'd15  <-- hoglpp ptp nuc'
125 'kip ALD --> Ethanol' '"KPyr9 PYR -->BIOM!'
126 'kGAP4 FBP --> GAP + DHAP' 'KG6P10  G6P -->FBP'
127 'kh1l DHAP -->G3P' 'kdste50  ste50p -->'
128 'kAldell  ALD --> Acetate' 'b4  stell +ste50 -->'
129 'K1 Slnl activation' 'd16  <-- hoglp ptp nuc'
130 'p7  stellpp MAPKKK p-—>' 'K1 Sinl activation'
131 'dm  DHA --> DHAP' TPADmax PYR -->ALD'
132 'km10  <-- ssk2p pbs2' 'ksholhogl shola + hoglpp -->'
133 'Keqll DHAP --> G3P' 'd12  <--hoglp cyt pbs2pp'
134 'krd2  PTP regulation ' 'kKACET  Acetate --> BIOM '
135 'ms  cdc4?2 + ste20 -->' 'al5  hoglpp nuc + ptp_nuc -->'
136 'tAldhmax  ALD to Acetate' 'k _hogl transl  hogl nuc -->hogl cyt '
137 'm8 sskl ssk2 -->' 'pl2  hoglp cyt pbs2pp -->'
138 'ka9 PYR-->ALD' 'kETH1  Ethanol export'
139 m9 PYR-->ALD' 'blm msb2a --> msb2'
140 'vaw  ALD --> Ethanol ' 'KADP14 NADH -->NAD'
141 'm  msb2 activation' 'kpy PYR -->BIOM'
142 'kia  ALD --> Ethanol' 'c2'
143 'h14 NADH -->NAD' 'h5  DHAP --> GAP'
144 'b7 sholapbs2ppstel 1ppste50

dissociation' '‘al4  hoglp cyt+ptp'
145 'al2  hoglp cyt + pbs2pp -->' 'd7  <--stellpp MAPKKK p'
146 'b8 stellppste50 --> stellpp +

ste50' 'm9  ssk2p pase -->'
147 'p12  hoglp cyt pbs2pp -->' 'k211G6P  Glucose uptake'
148 'd15  <--hoglpp ptp nuc' 'KDHAP5 DHAP --> GAP'
149 'h10  G6P -->FBP' 'b3m shola + pbs2 <-- sholapbs2'
150 'KNAD7 PYR-->CO02' 'KIG2  Glucose inhibition to Acetate prodctn'
151 'h16 ATP --> ADP' 'b8 stellppste50 --> stellpp + ste50'
152 'kETH2  Ethanol import' 'Keq4  FBP --> GAP + DHAP'
153 'knll  DHAP --> G3P' 'K2ATP  GLU --> G6P'
154 't2  ste50 phosphorylation' 'c3  cdc42ste20stel 1ste50 -->'
155 'p15 hoglpp ptp nuc -—>' 'kex2  PTP regulation'
156 'b4m  stellste50 -—> stell + ste50' 'ms  cdc42 + ste20 -->'
157 'b6 sholapbs2stel 1ppste50 --—>

'k4  ypdlp + sskl -->' sholapbs2PPstel 1ppste50'

158 'KIG2  Glucose inhibition to

Acetate prodctn’ 'd10 <--pbs2p E'
159 'b5 sholapbs2 -->shola +

pbs2 active' 'hll DHAP --> G3P'
160 'b3m shola + pbs2 <-- sholapbs2' 'kpdl  Gpdl regulation '
161 'h2  GLC --> G6P' 'KGAP5 DHAP --> GAP'
162 'ktl3  Pyk regulation ' 'KATP9  PYR --> BIOM'
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163 'kTCA  Acetate to TCA cycle' 'KI7 PYR-->CO2'
164 'KIGAP4  FBP -—> GAP + DHAP
! 'km10  <-- ssk2p pbs2'
165 'clm cdc42ste20 -->' 'ktl3  Pyk regulation '
166 'pl0  pbs2p E-->' 'knll  DHAP -->G3P'
167 'c2m cdc42ste20stel 1ste50 -->' 'k3  slnl ypdlp -->"
168 'w5  Gpdl regulation' 'kb  ALD --> Ethanol'
169 'phog  glycerol transport ' 'km4  <--ypdlp sskl'
170 'KI7 PYR-->CO2' 'm8 sskl_ssk2 -->'
171 'dl10 <--pbs2p E' 'h4  FBP-->GAP + DHAP'
172 '3 cdc42ste20stel 1ste50 -->' 'al6  hoglp nuc + ptp_nuc -->'
173 'wl PFK regulation' 'kd11  DHAP -->G3P'
174 'KPyr7 PYR-->CQ2' 'kh1l DHAP -->G3P'
175 'k _hogl transl  hogl nuc -->
hogl cyt ' 'k _hogl trans2  hogl cyt-->hogl nuc'
176 'k_hogl trans2  hogl cyt-->
hogl nuc' 'ka  ALD --> Ethanol'
177 'k3  slnl_ypdlp -->' 'kex]  Gpdl1 regulation '
178 'p8  stellpp MAPKKK p-->' 'p13  hoglpp cyt ptp cyt-->'
179 'b6 sholapbs2stel 1ppsteS0 -->
sholapbs2PPstel 1ppste50' 'p8 stellpp MAPKKK p-->'
180 'kdste50  ste50p -—>' 'en  DHA -->DHAP'
181 'al5  hoglpp nuc + ptp_nuc -->' 'kETH2  Ethanol import'
182 'kex3  Pyk regulation ' 'k8  sskl + ssk2 >
183 'a8 stellp + MAPKKK p -->
stellp MAPKKK p' 'Klhog  glycerol transport '
184 'al6  hoglp nuc + ptp_nuc -->' 'cm glycerol --> DHA '
185 'kts3  Pyk regulation ' 'dm  DHA -->DHAP'
186 'pl4  hoglp cyt ptp cyt-->" 'b3 shola+ pbs2 -->'
187 'vh  glycerol --> DHA' 'h16 ATP --> ADP'
188 'al4  hoglp cyt+ptp' 'h31 G6P -->FBP'
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Table S3. Parameter ranking based on the | metric used for activated Hogl.

rank 0.5M 1M
1 'kpd3  Pyk regulation ' ‘w3 Glucose ihnibition’
2 '‘am__ Pyk regulation’ 'lemda2  Glycerol --> DHA'
3 'k10  ssk2p + pbs2 -->" 'kn__glycerol --> DHA'
4 'k1ll ssk2p + pbs2p -->' 'wh Gpd1 regulation '
5 'all hogl cyt+ pbs2pp -->" 'pl0  pbs2p E-->'
6 '‘cm__ glycerol --> DHA' ‘all  hogl_cyt + pbs2pp -->'
7 'ktl2  PTP regulation ' '‘al0  pbs2p + E_total -->"
8 'kts2  PTP regulation ' 'km1l  <-- ssk2p_pbs2p'
9 'kpd2  PTP regulation’ ‘a9 pbs2pp + E_total -->"
10 'al0  pbs2p + E_total -->"' 'k10  ssk2p + pbs2 -->'
11 'al5 hoglpp nuc + ptp_nuc -->' 'p11  hogl cyt pbs2pp -->'
12 'dll  <-- hogl cyt pbs2pp’ 'k11l  ssk2p + pbs2p -->'
13 'kml1l  <-- ssk2p pbs2p' 'P9  pbs2pp E -->'
14 'm10  ssk2p pbs2 -->' 'c0  Cdc42 + Ste20 -->'
15 'kn glycerol --> DHA'" ‘w4 Gpd1 regulation '
16 'P9  pbs2pp_E -->' 'd1l  <--hogl cyt pbs2pp'
17 'bn__ Specific growth Inhibition’ 'h9  PYR -->BIOM'
18 'k_hogl_transl hogl_nuc -->
'p1ll  hogl cyt pbs2pp-->' hogl cyt '
19 'a9 pbs2pp + E_total -->' '‘c2m__cdc42ste20stellste50 -->'
20 'k_hogl trans2  hogl_cyt-->
hogl nuc' 'r  shol deactivation'
21 'krd2  PTP regulation ' 'blm msb2a --> msb2'
22 'ka9 PYR-->ALD' '‘kDHAP4 FBP --> GAP + DHAP'
23 'p10  pbs2p E-->' 'kETH2  Ethanol import'
24 'b6 sholapbs2stellppste50 -->
'd9  <--pbs2pp E' sholapbhs2PPstellppste50'
25 'mll ssk2p pbs2p -->' 'k9  ssk2p + pase_total -->'
26 'km10  <-- ssk2p pbs2' 'dm  DHA --> DHAP'
27 'kpyr9 PYR-->ALD' 'h15 NAD --> NADH'
28 '‘wl PFK regulation’ 'ktll ~ Gpd1 regulation '
29 'h5 DHAP --> GAP' 'm9  ssk2p pase -->'
30 'h3 G6P -->FBP' 'm10  ssk2p pbs2 -->'
31 'n _SIn1 activation' 'h12  G3P --> Glycerol'
32 'kn1l DHAP --> G3P' 'k211G6P  Glucose uptake'
33 'd8  <-- stellpp MAPKKK p' 'km3 sinl + ypdip -->
34 'KACET  Acetate --> BIOM ' 'b3m shola + pbs2 <-- sholapbs2'
35 'viw  ALD --> Ethanol ' 'Keg4  FBP --> GAP + DHAP'
36 'KIG1  Glucose inhibition to ethano
'pl6  hoglp ptp _nuc -->' upatke'
37 'b2m msb2a + shol <-- msh2ashol' 'c2'
38 'kDHAP4 FBP --> GAP + DHAP ' '‘wl PFK regulation’
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39 'KETH2  Ethanol import' 'd10  <--pbs2p E'
40 'w4  Gpd1 regulation ' 'klAldell  ALD --> Acetate'
41 'kq  ALD --> Ethanol' 'h4 FBP --> GAP + DHAP'
42 'klAlde1ll  ALD --> Acetate' 'k2  sinip_ypdl -->'
43 'w5  Gpdl regulation ' 'kn1l  DHAP --> G3P'
44 'd15 <-- hoglpp_ptp_nuc' 'vn _ glycerol --> DHA'
45 'k9  ssk2p + pase_total -->' 'al5 hoglpp _nuc + ptp_nuc -->'
46 'kste50hogl  ste50 + hoglpp > 'kpdl  Gpd1 regulation '
47 'd12  <-- hoglp cyt pbs2pp' 'p15  hoglpp_ptp_nuc -->'
48 'kl  sInlp + ypdl -->' 'kts1  Gpd1 regulation '
49 'Keq5 DHAP --> GAP' '‘kFBP4 FBP --> GAP + DHAP '
50 'b4 stell + ste50 --> 'p12  hoglp_cyt pbs2pp -->'
51 'k_hogl_transl  hogl nuc -->
hogl cyt ' 'kexl  Gpdl regulation’
52 'kip  ALD --> Ethanol’ 'h31 GG6P -->FBP'
53 'KIG2  Glucose inhibition to Acetate
prodctn’ TPADmax PYR -->ALD'
54 'p14  hoglp cyt ptp cyt-->' ‘el Ethanol uptake regulation’
55 '‘alé  hoglp_nuc + ptp_nuc -->" 'd14  <--hoglp cyt ptp cyt'
56 'n9 PYR-->ALD' 'kAlde1l ALD --> Acetate'
57 'kdshol sholp --> shol' 'km10  <--ssk2p pbs2'
58 'p13  hoglpp_cyt ptp_cyt-->' 'k2glc  Glucose uptake'
59 'p15  hoglpp ptp nuc -->' 'ka  ALD --> Ethanol'
60 'kts3  Pyk regulation ' 'h16 ATP --> ADP'
61 'ms  cdc42 + ste20 -->' 'KPyr7  PYR-->CO2'
62 'lemda?2 Glycerol --> DHA' 'k4  ypdip + sskl -->'
63 'd13  <-- hoglpp cyt ptp cyt' 'vaw  ALD --> Ethanol '
64 '‘al3  hoglpp_cyt + ptp -->' 'kdshol sholp --> shol'
65 'c2m cdc42ste20stellste50 -->' 'h2  GLC --> G6P'
66 'KATP9  PYR --> BIOM' 'b8 stellppste50 --> stellpp + ste50'
67 'Keqll DHAP --> G3P"' 'h3 G6P -->FBP'
68 'h31 G6P -->FBP' 'KGAP5  DHAP --> GAP'
69 'Klhog  glycerol transport ' 'h14 NADH --> NAD'
70 'TPADmax PYR-->ALD' 'Klhog glycerol transport '
71 ‘K1 SInl activation' 'ksholhogl shola + hoglpp -->'
72 'd14  <--hoglp cyt ptp _cyt' 'kia  ALD --> Ethanol'
73 'km9  <-- ssk2p pase' 'b2 msb2a + shol --> msb2ashol'
74 'km8  <--sskl ssk2' 'b2m msb2a + shol <-- msb2ashol'
75 'm  msh2 activation' 'd16  <-- hoglp ptp nuc'
76 'dm DHA --> DHAP'' 'KIGAP4 FBP --> GAP + DHAP '
77 'k6  ypdl ssklp -->' 'm8 sskl_ssk2 -->
78 'g  shol deactivation’ 'k21G6P  Glucose uptake'
79 'K2Glc  GLU --> G6P ' 'd7 <--stellpp MAPKKK p'
80 'KPyr7  PYR-->CO2' 'ka9 PYR-->ALD'
81 ‘b7 sholapbs2ppstellppste50

dissociation'

'n4 stell + ste50 -->'
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82 '‘om  Pdc1l regulation’ 'p13  hoglpp_cyt ptp _cyt-->'
83 'kAldell  ALD --> Acetate' 'ms  cdc42 + ste20 -->'
84 'k_hoglpp_trans  hoglpp_cyt -->
'ksholhogl shola + hoglpp -->' hoglpp nuc'
85 'kd1l DHAP --> G3P' 'k3 sinl_ypdlp -->'
86 'c0 Cdc42 + Ste20 -->' 'ml11l  ssk2p_pbs2p -->'
87 ‘w2  ALDG regulation’ 'KNAD7 PYR-->CO2'
88 'h12  G3P --> Glycerol' 'd9  <--pbs2pp E'
89 't shol deactivation' 'kl sInlp +ypdl -->'
90 'k2  sInlp ypdl -->' 'c3  cdc42ste20stellste50 -->'
91 'al2  hoglp_cyt + pbs2pp -->" 'kts2  PTP regulation '
92 'ka  ALD --> Ethanol' 'kdste50  ste50p -->
93 ‘a2 msb2ashol --> msb2a +
'kdste50  ste50p -->' shol_active'
94 'b7 sholapbs2ppstellppste50
'KPyr9  PYR -->BIOM' dissociation'
95 'p12  hoglp cyt pbs2pp -->' 'K1 SIn1 activation'
96 'krdl  Gpd1 regulation ' 'al3  hoglpp_cyt + ptp -->'
97 'h32 G6P -->FBP' '’K2Glc  GLU -->G6P '
98 'b4m  stellste50 --> stell + ste50' '‘al4  hoglp cyt+ptp'
99 'kex2  PTP regulation ' 'kml <--sinlp ypdl'
100 'b3m shola + pbs2 <-- sholapbs2' 'KTCAC  Acetate to TCA cycle'
101 'k7  ssklp -->' 'n9 PYR-->ALD'
102 'h9 PYR --> BIOM' 'vbf4 FBP --> GAP + DHAP '
103 'b5 sholapbs2 --> shola +
pbs2_active' '‘gn DHA --> DHAP'
104 'd16  <--hoglp ptp_nuc' 'k8 sskl + ssk2 -->'
105 'KDHAP5 DHAP --> GAP' '‘alé  hoglp nuc + ptp_nuc -->'
106 'k21G6P  Glucose uptake' 'kiq  ALD --> Ethanol'
107 'kex1  Gpd1 regulation 'bn  Specific growth Inhibition'
108 '‘chnn  DHA --> DHAP' 'd15 <-- hoglpp_ptp_nuc'
109 'KIG2  Glucose inhibition to Acetate
'K2ATP GLU --> G6P' prodctn’
110 'h10 G6P -->FBP' '‘al2  hoglp_cyt + pbs2pp -->'
111 'w3  Glucose ihnibition' 'p16  hoglp ptp nuc -->'
112 'kig  ALD --> Ethanol' 'h130  glycerol transport '
113 'k2glc  Glucose uptake' 'b4m stellste50 --> stell + ste50'
114 'krd3  Pyk regulation ' 'kpyr9  PYR-->ALD'
115 'r2  ste50 phosphorylation' 'kex2  PTP regulation '
116 'kia  ALD --> Ethanol' 'kACET Acetate --> BIOM '
117 'k4  ypdlp +sskl -->' 'r2  ste50 phosphorylation'
118 'h4 FBP --> GAP + DHAP ' 'd13  <-- hoglpp_cyt ptp cyt'
119 'c2' 'h7  PYR-->CO2'
120 'h130  glycerol transport ' 'p8  stellpp MAPKKK p-->'
121 ‘a2 msb2ashol --> msbh2a +
shol_active' 'krd2  PTP regulation '
122 'kb  ALD --> Ethanol’ 'b5 sholapbs2 -->shola +
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pbs2_active'

123 'kpy PYR --> BIOM!' 'bom  Pdc1 regulation’
124 ‘el Ethanol uptake regulation’ 'kpd2  PTP regulation '
125 'hll DHAP --> G3P' 'KATP10 G6P --> FBP'
126 'KTCAC  Acetate to TCA cycle' 'kb  ALD --> Ethanol'
127 '‘al4  hoglp cyt+ptp' 'n _ SInl activation'
128 'ktl3  Pyk regulation 'KG6P10  G6P --> FBP'
129 'kp  ALD --> Ethanol' 'kts3  Pyk regulation '
130 'k5  ypdlp sskl -->' 'am  Pyk regulation’
131 'p7 stellpp MAPKKK p-->' 'kq  ALD --> Ethanol'
132 'd10  <--pbs2p E' 'KI7 PYR-->CO2'
133 'm9  ssk2p_pase -->' '‘cm__glycerol --> DHA'"
134 'ktll  Gpd1 regulation ' 'ktl2  PTP regulation '
135 'kGAP4  FBP --> GAP + DHAP' 'q__shol deactivation'
136 ‘a7 stellpp + MAPKKK_p -->

stellpp MAPKKK p' 'KPyr9  PYR -->BIOM'
137 'KGAP5  DHAP --> GAP ' 'kGAP4  FBP --> GAP + DHAP '
138 'KG6P10  G6P --> FBP' 'h10  G6P-->FBP'
139 ‘a8 stellp + MAPKKK_ p -->

stellp MAPKKK p' 'w2  ALDG regulation’
140 'phog  glycerol transport ' 'd12 <-- hoglp_cyt pbs2pp'
141 'h14 NADH --> NAD' 'krd3  Pyk regulation '
142 'vhw  ALD --> Ethanol ' 'km9  <-- ssk2p_pase’
143 'd7  <-- stellpp_MAPKKK_p' 'Keqll DHAP -->G3P'
144 'KADP14  NADH --> NAD' 'clm cdc42ste20 -->'
145 'b6 sholapbs2stellppste50 -->

sholapbs2PPstellppste50 'k7  ssklp -->'
146 'KNAD7 PYR-->CO02' 'Kegq5 DHAP -->GAP'
147 'kex3  Pyk regulation ' 'b3 shola + pbs2 -->'
148 'k211G6P  Glucose uptake' 'KETH1  Ethanol export'
149 'KI7 PYR --> CO2' 'hll DHAP --> G3P'
150 'h7 PYR-->CO2' 'm msh2 activation'
151 'h15 NAD --> NADH' 'rAldhmax ALD to Acetate'
152 'KTCA  Acetate to TCA cycle' 'kex3  Pyk regulation '
153 ‘an DHA --> DHAP' 'Vm  max glucose uptake'
154 'KATP10 G6P --> FBP ' 'K2ATP GLU --> G6P'*
155 'kpdl  Gpd1 regulation ' 'viw  ALD --> Ethanol'
156 'k_hoglpp_trans  hoglpp_cyt -->

hoglpp_nuc' 'kpy PYR -->BIOM'
157 'c3 cdc42ste20stellste50 -->' 'phog glycerol transport '
158 'vh _glycerol --> DHA' 'h5 DHAP --> GAP'
159 'clm cdc42ste20 -->' 'km2  <--sInl_ypdlp'
160 'kKFBP4 FBP --> GAP + DHAP' 'KTCA  Acetate to TCA cycle'
161 'KIG1  Glucose inhibition to ethano

upatke' 'km8 <-- sskl ssk2'
162 'KIGAP4 FBP --> GAP + DHAP ' 'hé GAP --> PYR'
163 'h6  GAP -->PYR' 'krdl  Gpd1 regulation
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164 'vbf4 FBP --> GAP + DHAP' 'd8  <--stellpp MAPKKK p'

165 'KATP16 ATP --> ADP' 'kpd3  Pyk regulation '

166 'kml <--slnlp_ypdl' 'kh1l  DHAP --> G3P'

167 'kh1l  DHAP --> G3P' 'kp  ALD --> Ethanol'

168 'b2 msb2a + shol --> msh2ashol' 'h32 G6P -->FBP'

169 'rAldhmax ALD to Acetate' 'g2  ste50 phosphorylation'

170 'b0 msb2 --> msh2a’ 'km4  <--ypdlp sskl'

171 'k_hogl_trans2  hogl_cyt -->
'KkETH1  Ethanol export' hogl nuc'’

172 '‘blm msb2a --> msh2' 'ktl3  Pyk regulation '

173 'h16 ATP --> ADP' 'k5  ypdip sskl-->'

174 'k3_ sInl_ypdip > 'KATP9  PYR --> BIOM'

175 'km2  <--sInl_ypdilp' ‘an  DHA --> DHAP'

176 'k8  sskl + ssk2 -->' 'b0_msb2 --> msb2a’

177 'gn DHA --> DHAP'' 'KADP14 NADH --> NAD'

178 'km3 sinl + ypdip -->" '‘chn  DHA --> DHAP'

179 'g2  ste50 phosphorylation’ 'kd1l1 DHAP --> G3P'

180 'kts1  Gpd1 regulation ' 'KDHAP5 DHAP --> GAP'

181 'p8  stellpp MAPKKK p -->' 'kste50hogl  ste50 + hoglpp -->'

182 'Vm  max glucose uptake' 'p7 stellpp MAPKKK p -->'

183 ‘a7 stellpp + MAPKKK p -->
'km4  <--ypdlp sskl' stellpp_MAPKKK_ p'

184 'Keg4  FBP --> GAP + DHAP' 'p14  hoglp_cyt ptp_cyt-->'

185 'h2 GLC --> G6P' 'k6  ypdl ssklp -->'

186 'b8 stellppste50 --> stellpp + ste50' 'kip  ALD --> Ethanol'

187 ‘a8 stellp + MAPKKK p -->
'b3 shola + pbs2 -->" stellp MAPKKK p'

188 'm8 sskl ssk2 -->' 'KATP16 ATP -->ADP'




