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1/ Inhibition and further kinetic analysis

Allosteric inhibition profiles were evaluated using double reciprocal and

Dixon plots and the inhibition data were fitted to equations based on Scheme 1:
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Scheme 1. The multisite kinetic model for Pfk inhibition based on the homotetrameric

enzyme.

A generalized double reciprocal form of the equation for the fitting of the data is as

follows:

1/v, =a+b[S]™ (S1)

With respect to individual cases of the allosteric inhibition the fitting parameters

corresponded to



[A] in Scheme 1...a= (if the inhibiting molecule binds only to free

enzyme: E, ..., En);

K
[B] in Scheme 1...a=—2, b=—1_
v v

(if the inhibiting molecule binds to the enzyme-

substrate complex: ES, ..., EmSn);

WAS b="
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[C] in Scheme 1...a (if the inhibiting molecule binds to free enzyme

or enzyme-substrate complex).

With respect to the multimeric state of the enzyme the inhibition parameter y was as

follows:
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i(S) i(S) i(S)
Kiw) is the dissociation constant of E-In (or ES-In) complexes. Ks is the half-saturation

constant for the substrate S.

The effect of F16bP on Ptk A and the sugar-based substrate specificities of Ptk
A were determined using kinetic analysis of progress curves. The equations used for
the analysis were adapted from Orsi and Tipton, 1979 [1].

Using average reaction velocities Michaelis-Menten equation was rearranged

to give (Henri equation):

[SL-[S]1_,,  1,I[Sl
S =V, — Ky < (S2)

In which [S]o is the initial concentration of the substrate and [S] is the concentration

of the substrate in time t.



Evaluation and quantification of the allosteric effect (activation) caused by Mg* was

determined according to methods described in [2], [3].

2/ The effect of Mg?* on Pfk A tested with F6P varied and ATP fixed and vice versa.
190 pl reaction mix (50 mM Tris. HCl, pH 7.5) with 1 mM F6P or ATP, 1 U/ml
aldolase, 1 U/ml triosephosphate isomerase, 1 U/ml oa-D-glycerolphosphate
dehydrogenase, 300 uM NADH and 0, 2, 3, 4, 5, 6, 7, 8, 9, 10, 12, 14, 16, 18 or 20 mM
MgCl: was pipetted into microtiter plate wells containing 10 ul 0.25, 0.5, 1, 2, 4, 8, 12,
16, 20, 24, 28, and 32 mM F6P or ATP.

3/ Testing the effect of PEP, citrate, and GDP on coupled enzymes

190 pl reaction mix (50 mM Tris, pH 7.5, 10 mM MgCl2) containing aldolase (1 U/ml),
triosephosphate isomerase (1 U/ml), glycerol-3-phosphate dehydrogenase (1 U/ml), 1
mM F16bP, 300 uM NADH was pipetted into microtiter plate wells with 10 pl of 0,
20, 40, 60, 80, 100 uM PEP; 0, 10, 20, 30, 40 mM citrate; 0, 10, 20, 30, 40, 50, 60 mM
GDP.

4/ Testing the effect of F26bP on Pfk A and Pfk B activities

To test the effect of F26bP on Pfk A and Pfk B activities the following reaction set ups
were mixed: 190 pl reaction mix (50 mM Tris.HCl, pH 8.0, 10 mM MgClz, 5 mM DTT)
containing 30 nM Pfk A or 300 nM Pfk B, 1 mM F6P, 1 U/ml triosephosphate
isomerase, aldolase, glycerol-3-phosphate dehydrogenase, 300 M NADH was added
to the microtiter plate wells containing 10 pl of 2, 4, 8, 16, 30, 60, 120, 240, 500 pM, 1, 2
mM F2,6bP and 10 pl of 20 mM ATP.



4/ Monitoring of sugar monophosphates phosphorylation by Pfk A and B using

capillary electrophoresis

Processing of different sugar phosphates by Pfks was monitored by capillary
electrophoresis (CE). The typical reaction was performed in 50 mM Tris-HCI, pH 7.4,
containing 5 mM MgClz, 5 mM DTT, ATP (0.1 mM for Ptk A and 1.0 mM for Pfk B), 1
mM F6P or 1 mM sugar phosphates. The following sugar phosphates were tested:
fructose-1-phosphate (F1P), tagatose-6-phosphate (T6P), sedoheptulose-7-phosphate
(57P), glucose-6-phosphate (G6P) and ribulose-5-phosphate (Rib5P).

The reaction was started by addition of purified Pfk A or B to a final
concentration of 20 nM or 200 nM, respectively, to the solution of sugar phosphates
in reaction mixture and incubated at 30°C for 5, 10, 15, and 30 minutes. The reaction
was stopped by boiling for 5 minutes. Analysis of the reaction mixture samples
revealed that product/substrate (ADP/ATP) conversion rates were linearly
dependent on time for up to 15 minutes. The enzyme activities achieved with
individual sugar phosphates were related to the highest activity achievable with both
enzymes and F6P. The data (relative activities in the presence of different sugar
phosphates, i.e. normalized specific activities) presented in Table 3 were calculated
from the CE analyses of two independent reaction mixtures.

Data were analyzed by measuring the quantity of ADP formed from ATP by
CE. CE analyses were carried out with a P/ACE MDQ System (Beckman-Coulter,
Fullerton, CA, USA), and data acquisition and evaluation were performed using the
software P/ACE System MDQ, version Karat supplied by Beckman, and Clarity
chromatographic and electrophoretic station (DataApex, Prague, CR). The CE
apparatus was equipped with a UV-vis photodiode array spectrophotometric
detector (190-600 nm) set at two detection wavelengths (206 and 254 nm). CE

analyses were performed in an internally uncoated fused silica capillary,



total/effective length 40/30 cm, id/od 50/375 um, with an outer polyimide coating
(Polymicro Technologies, Phoenix, AZ, USA).

For each analysis, a new capillary was consecutively washed with 0.1 M
NaOH, water, and the background electrolyte (BGE) (40 mM Tris, 40 mM Tricine, pH
8.1) with 2 bar pressure for 10 min each, and then conditioned in the BGE at a
separation voltage of 25 kV for 20 min. Between analytical runs, the capillary was
rinsed with the BGE with 2 bar pressure for 2 min. The capillary was thermostated by
liquid coolant to 15°C.

For the analyses, 50 pl samples were taken from the reaction mixture and
mixed with an equal volume of buffer (50 mM Tris-HCl, pH 7.4, 5 mM MgClz, 5 mM
DTT). Subsequently, sample aliquots of 25-45 ul were mixed with an aqueous
solution of the internal standard (1 or 5 mM sodium benzoate) to reach its final
concentration of 0.1 mM ATP for Pfk A, and 1 mM ATP for Pfk B. The samples were
injected hydrodynamically with 13.8 mbar pressure for 5-15 s. Baseline separation of
ATP and ADP was achieved within 5-10 min at a separation voltage of 25.0 kV and
electric current of 12.5-13.2 pA. The concentrations of ATP and ADP in the reaction
mixtures were determined from their migration time corrected peak areas. The
corrected peak areas were normalized to the corrected peak area of the internal

standard (sodium benzoate) [4].



A S eV e G | ENRRVQLSDRND R LAK GGT EGT VPR KER
pfk_B 1 YTEPAAWDEEKPREITLTMNP - -—————— DIT-—————————— TSV VR P TEKMR

pfk A 60 ABLE------------ Yo TDDNEIDVRIF I EEGTLTAA SIS EENTFEVVGZKT ID
pek B 40 CEATTIECEENAIN vBoeC- STARFGARES TS LIMALIGTAGTFRVEEGTAAS

PEk_A 108 ND-------- - SRS 2T A s SRV MA < VMGRHAGH
pfk_ B 99 TREGGWERTARQYRGVIIPGPSINFIEREoCER cARARAAFgIA--—------—-

pex A 157 [NIoEASEAnMEER P o e R VR SHr o vvARgIK - PARG I
pfk_B 148 --sEs@ppEvaa----EYYQRIANISRS------- SHPLELDTSCEE L TSSEVFIRT

pei A 215 07D~ -ErGHERFEOGANTER - IR INKEgRg VR ToR- TRV
pfk B 195 —1SUREEECVESELLEE- PRI 10RcRACIVgVSEESooaRL R sHITE

pek A 265 -VEATREGNEEAHTEEYcolf1Ee- DECRGPEIDOVRK-FKEVE- -~osRYEEAA
pei B 253 ERITAVSEICNEMVETTVG- - LoREwGLEksGREENTACAN BRI CN R VE

pfk_A 319 AG-----————----——mmmm o

3330 - I R M1 71 A AR PTEVGQDQYVWHP T VNPEASP)

B pfk_A Mtub 1 BATCHA -~~~ ————————— - = RY[ESSHEFONESRE -Rni [SIHNDD
pfk_A Ecoli 1 &KI LTSGGDAPGMNAAIRGVVRSALISGIAXVMGIN N GYIRGLIENR LVOLIN £
pfk_A Mtub 39 FFiaZ N WHPDILRAGLPQITQTHDD! GIDNLI-IGGEG LT ¥s
pfk_A Ecoli 61 - R -'FPEEEDENIRAVAEE LI oSG IDELWY I GGDGS G
pfk_A Mtub 99 V GVPETIDNDI\D FYEATDRLES R
pfk_A Ecoli 120 CligijzGigasiss I gaWYEAIDRLRYTEESHORIS 3 Ly

pfk_A Mtub 159
pfk_A Ecoli 180

pfk_A Mtub 219
pfk_A Ecoli 229

pfk_A Mtub 279 i3 lﬁTﬂRGQD e RI=1)D AV LVPQSRED FFG
pfk A Ecoli 277 Y CHGEQNEQL 2 HDRA IRV (EN IR PFRGD [ LICLRKLY

Figure S1. Amino acid sequence alignment of Mtb Pfk A and Pfk B (A) and Mtb Pfk

A and E. coli Pfk A (B). The alignment was generated using the program CLUSTAL

W in T-coffee (http://tcoffee.crg.cat/apps/tcoffee). Boxshade was used to generate
publication-quality output (http://www.ch. embnet.org/software/BOX form.html).
Gaps introduced for optimal alignment are marked by hyphens. Conserved regions

are indicated as black boxes. Mtb, Mycobacterium tuberculosis (Pfk A:accession


http://tcoffee.crg.cat/apps/tcoffee

number POWID7; Pfk B:accession number POWID3; UniProt); Ecoli, Escherichia coli
(Pfk A:accession number D3QYB3; Ptk B:accession number D3QURS6).
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Figure S2. (A) SDS-PAGE analysis of Pfk A purification. Lane 1, molecular mass
standards; lane 2, crude cell extract; lane 3, sample after chromatography on Talon
resin; lane 4, sample after chromatography on Superdex 75. (B) SDS-PAGE analysis
of Pfk B purification. Lane 1, molecular mass standards; lane 2, crude cell extract;
lane 3, sample after chromatography on Talon resin; lane 4, molecular mass

standards; lane 5, protein sample after chromatography on Superdex 75.
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Figure S3. The effect of Mg? on Pfk A with F6P varied and ATP fixed at 1 mM (full
circles) and with ATP varied and F6P fixed at 1 mM (open circles). The values of
Hill numbers (ni) were determined from fitting the steady state velocity data to eq.
(2). The dashed line curves are drawn to show the trend of the data at each Mg?

concentration.



1.0

Pfk A/PEP

Double reciprocal plot

Double reciprocal plot

Pfk A/PEP
Double reciprocal plot

1.4
e 0 n=23.1
084 | o 065uMPEP 121 ; g 32 uM PEP
v 1.30 uM PEP n=29 10 4 v 064 uMPEP
06 4 4 2.00 uM PEP A 1.33 .M PEP
= | 266 uM PEP > 0.8 -
i = =23
04 n=25 0.6 - "
n=22 04 n=1s
02+ n=17 ' n=14
02
0.0 . . : . . 0.0 ‘ . . .
g L 2 . 4 2 g 0 5 10 15 20 25
1/[F6P] \ATP]
C Pfk A/citrate D Pfk A/citrate
Double reciprocal plot Double reciprocal plot
05 2.00 L= 272
oEN0 n=3.1 1.75 e 0
044 | o 0.66mMcitrate 150 o 1 mM citrate
v 0.83 mM citrate 1| w» 1.66 mM citrate
03 A & 1.66 mM citrate 125 4 A 2 mM citrate
2 2 1.00 -
02 1 n=21 075 -
n=2.0
01 4 n=18 0.50 ~
0.25
0.0 T T T T 0.00 T T T T T T T T
1 2 3 4 5 6 0 3 6 9 12 15 18 21 24
1/[F6P] 1/[ATP]
E Pfk A/GDP F Pfk A/GDP

Double reciprocal plot

18 n=25 1.0 n=25n=2.6 n=19
1.6 e 0 0.9 i
o 0.25mM GDP e e
14| v 0.50mMGDP : = SR
124 | & o7rsmmeDP 0.7 A v 1 mMGDP
: = 1mMGDP n=25 06
104 - 6 1 & 1.5mM GDP n=17
> 1 n=25 = 05 m 2mMGDP
T 08 1 - & 3mMGDP
06 4 n=20
04 '
0.2 | X
0.0 — T T T T T T T T T 0.0 T T T T T T T T T
012 3 456 7 8 9101112 0 2 4 6 8 101214 16 18 20 22 24

1/[F6P]

1[ATP]

Figure S4. The inhibition of Pfk A by PEP, citrate and GDP. The double reciprocal
plots for the inhibition of Pfk A by PEP, citrate and GDP at conditions with fixed
concentration of ATP (1 mM) and varying concentrations of F6P (0-2 mM) (A), (C),
(E) or at conditions with fixed concentration of F6P (1 mM) and varying
concentrations of ATP (0-2 mM) (B), (D), (F). The data were fitted to eq. (S1).

Corresponding Hill coefficients (n) are depicted above curves.
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Figure S5. The effect of PEP (A), citrate (B), and GDP (C) on triosephosphate

isomerase in the coupled enzyme assay. Coupled enzyme assay with 1 mM F16bP

and triosephosphate isomerase, aldolase and glycerol-3-phosphate dehydrogenase

(all 1 U) was run in the presence of 0-10 mM PEP, citrate and GDP. 100% corresponds

to the activity achieved in the absence of any inhibiting compound.
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Figure S6. The activites of Pfk A and Pfk B in the presence of increasing

concentrations of F26bP. 1 mM F6P and ATP was reacted in reaction mixtures

containing increasing concentrations of F26bP (0-100 uM). For a better illustration the

lines indicate the trend. 100% determines the activity achieved in the absence of

F26bP.
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Figure S7. Plot of integrated rate equation (S2) for the Pfk A reaction with F6P (A)
or T6P (B). The diagrams were constructed by plotting the data presented in Fig. 7A.
The [F6P]o, [T6P]o values represent starting substrate concentrations and [F6P], [T6P]
values the substrate concentrations in 5 min. The form of the integrated rate equation
(52) is presented in the beginning of the Supplementary material section and was

adapted from Orsi and Tipton [1].
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Figure S8. Use of different sugar phosphates by Pfk A (A) and Pfk B (B). 20 nM Ptk
A or 200 nM Ptk B was mixed with 1 mM sugar phosphate, and 1 mM ATP as
described in Material and Methods and reacted for 15 min at 30 °C. Conversion (%) is
the amount of reactant (ATP) converted into product (ADP) per total amount or

reactant as determined by capillary electrophoresis.

Table S1. Utilization of fructose-6-phosphate (F6P) and tagatose-6-phosphate (T6P)
by Ptk A and Ptk B. 1 mM F6P or T6P was reacted with 1 mM ATP in the presence of
20 nM Ptk A or 200 nM Pfk B for 15 min at 30°C. The conversion (%) is the ratio of the
formed ADP to unreacted ATP as determined by capillary electrophoresis. 100%

corresponds to the highest conversion achievable.

Fer T6P
Pfk A 100% 63%
Ptk B 100% 82%
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