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1. Chemicals and instrumentation

All chemicals and biochemical reagents were purchased from commercial sources (Merck; Wako
Pure Chemical industries; Tokyo Chemical industries; Kanto Chemicals, Thermo Fisher
Scientific) and used without further purification. Absorption spectra were recorded by Shimadzu
UV-1800 or JASCO spectrophotometer.

2. Protein expression and isolation

We prepared GroELwt and GroELs»/398 according to the method analogous to previous reports
[S1, S2]. E. coli GroEL mutants were generated using QuikChange site-directed mutagenesis
(Stratagene). GroELs2/308 was additionally mutated with cysteines at its apical domain (All C to
A, K311C, L314C). Briefly, bacterial cells bearing the plasmid were collected and sonicated in
Tris-HCl buffer A (25 mM, 1 mM EDTA, 0.5 mM DTT, pH 8.0) and subjected to
ultracentrifugation (40,000 g, 45 min, 4 °C). Then, the supernatant was mixed with 10% saturated
ammonium sulfate and loaded on a hydrophobic column (Butyl-Toyopearls). Elution was
performed with Tris-HCI buffer A containing 10% saturated ammonium sulfate until no protein
was detected (Bradford assay). Then, the elution buffer was gradually changed from a mixture of
buffer A with 20% saturated ammonium sulfate and 10% (v/v) MeOH to a mixture of Tris buffer
A with 10-0% saturated ammonium sulfate. GroEL started to elute out when the buffer was
changed to buffer A with 5% saturated ammonium sulfate. All fractions were collected and
subjected to SDS-PAGE to identify those containing GroEL. The selected fractions were
precipitated by 65% saturated ammonium sulfate. The precipitate was collected by centrifugation,
redissolved into buffer B (20 mM Tris-HCI, pH 7.5, 100 mM Na,S0O4, 20% MeOH), and subjected
to size exclusion chromatography (Sepharose CL-4B) using buffer B as an eluent. The fractions
containing GroEL were identified by SDS-PAGE. GroEL solutions were combined, concentrated
via ultracentrifugation with an Amicon® Ultra-15 mL (100K), and dialyzed overnight (dialysis
buffer: 20 mM Tris-HCI, pH 7.5, 100 mM NaySO4) 3 times. Glycerol (10%, v/v) and DTT (0.5
mM) were added to the final dialysis solution. The resulting protein solution was distributed to
aliquots (~100 pL), flash-frozen by liquid N>, and stored at —20 °C.

3. Experimental procedures

We performed ONPG assay by following a typical procedure for the enzyme f-gal. Briefly,
GroELwr (5.2 pL, 3.6 uM stock solution) was added into a freshly prepared buffer (60 mM
Na;HPOg4, 40 mM NaH2PO4, 10 mM KCl, I mM MgSOs, pH 6.8) containing ONPG (13.3 mM,
400 uL) and incubated for 1-4 h at 25 °C before taking absorbance spectra. To measure the initial
rate of hydrolysis, absorbance changes at 420 nm was monitored immediately after mixing
GroELwt and ONPG. For the calculation of Michaelis—Menten constant, the initial rate of
hydrolysis was performed using a diluted ONPG solution (0.4—13.3 mM, 400 uL).
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4. SDS-PAGE analysis of GroELSs
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Figure S1: SDS-PAGE (12%) profiles (stained with CBB R-250 followed by silver stain plus) of
GroELs ran in tris buffer (25 mM tris base, 192 mM glycine, 0.1% SDS buffer). Loading amount;
36 ng/well (GroELwr) and 28 ng/well (GroELs»/398). A band (~60 kDa) corresponding to a GroEL
subunit was observed for both GroELwt and GroELs2/30s.
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5. The rate of ONPG hydrolysis at different concentrations
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Figure S2: Graph showing the formation of ONP over time (blue dot, red line = fit) due to the
hydrolysis of ONPG by GroELwrt (0.5 #4M). The absorbance at 420 nm was converted to the

amount of ONP using a standard curve. The unit of initial rate () is xM/Sec.
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6. ONPG hydrolysis by GroELwr or f-gal
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Figure S3: Graph showing the formation of ONP over time (blue dot, red line = fit) due to the
hydrolysis of ONPG (1.3 mM) by GroELwt (0.5 M) or S-gal (0.5 ¢M). The absorbance at 420

nm was converted to the amount of ONP using a standard curve. The unit of initial rate (») is

LM/Sec.

7. ONPG hydrolysis using a new batch of GroELwr
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Figure S4: Graph showing the formation of ONP over time (blue dot, red line = fit) due to the

hydrolysis of ONPG by GroELwr (0.1 M) isolated from bacterial expression in different batch.
ONPG (6.63 mM), ELwr (100 nM) (a) and ONPG (13.4 mM), ELwt (100 nM) (b). The unit of

initial rate (r) is xM/Sec.
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8. ONPG spontaneous hydrolysis without GroELwr
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Figure S5: Graph showing no spontaneous hydrolysis of ONPG over time (blue dot, red line =
fit) in absence of GroELwr.

9. UV absorption spectra showing the decrease of absorbance at 420 nm in the

presence of ATP
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Figure S6: Absorption spectra showing the hydrolysis of ONPG by GroELwr (0.05 ¢M) in the

presence of ATP. Upon increasing the concentration of ATP (1-16 mM), a decrease in absorbance

at 420 nm was observed.

S7



10. UV absorption spectra showing the decrease of absorbance at 420 nm in the

presence of lactose
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Figure S7: Absorption spectra showing the hydrolysis of ONPG by GroELwr (0.05 £#M) in the

presence of lactose. Upon increasing the concentration of lactose (1-8 mM), a decrease in

absorbance at 420 nm was observed.
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11. Molecular docking

Docking studies were performed using Auto Dock Vina. Chain A from PDB (1KP8) was used as
receptor site. We employed flexible docking approach where the active site residues were flexible
in simulation. This includes T89, T90, T91, T30, L31, V499, D87, D495, 1493, N479, 1454, T500,
L419 and K51.
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Figure S8: Scheme showing the docked ONPG ligands in the ATP binding site of GroEL (chain
A). The affinity value corresponding to poses 1-7 is shown in the table.
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12. UV absorption spectra showing the decrease of absorbance at 420 nm in the

presence of GroEL mutant

NO,

O_.OH NO,
HO~~\© o@ GroELwr Hoél‘/\r + HO
ONOPHG GroELs2/398 ONP
(Abs420 nm)
a) 0.38 4 §
) g
8 0.28 - 3 — GroELwr
g 018 4 < GroELsz/ags
2
2 0.08 -
< 1
002 T —

300 350 400 450 500 550
Wavelength, nm

b) g9 - €) g -

= =
S 70 - r=0.0058 S 70 -
N N r=0.0013
o P o
Z 50 - @ ® A ¢ Z 50 b
g @i Q . . g - - PP S,
30 T T 1 30 Ll L) 1
0 1000 2000 3000 0 1000 2000 3000
Time, sec Time, sec

Figure S9: Absorption spectra showing the hydrolysis of ONPG by GroELwr (0.05 #M) and
GroELsy3908 (0.05 M) (a). The absorbance at 420 nm was significantly decreased for the
GroELsy/308 mutant. Graphs showing the formation of ONP over time (blue dot, red line = fit) due

to the hydrolysis of ONPG by GroELwt (47 nM) (b) and GroELs2/398 (47 nM) (c). The unit of initial

rate () is u4M/Sec.
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