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Supplementary figure S1. UIFG-Pr selectively inhibits CpGUS and EcGUS. Residual
activities of GUSs upon inhibition of 1 uM UIFG and 1 uM UIFG-Pr (panels a-e) and
molecular structures of the inhibitors (Panel f). UIFG universally inhibits the GUSs, whereas
UIFG-Pr shows selectivity toward CpGUS and EcGUS.



Supplementary figure S2. Overall tetrameric and tertiary structures of RgGUS. (a) A side
and a top view of a RgGUS tetramer. (b) Each monomer consists of a N-terminal jelly-roll
domain (blue), an immunoglobulin heavy chain-like domain (green), and a C-terminal TIM
barrel domain (cyan). (¢) A side and a top view of the TIM barrel domain that is composed of
eight a-helices (cyan) and eight B-sheets (magenta). These secondary structures are connected
by o/p and /o loops (wheat) that constitute substrate-binding site of the GUS. These loops
are numbered from 1 to 8 starting from the N-terminus of the TIM barrel domain.
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Supplementary figure S3. A substrate-binding site of BifdGUS. (a) A dimer of tetrameric
BifdGUS** complexed with substrate 10. A tertiary structure of the enzyme consists of a
jelly-roll (wheat), an immunoglobulin heavy chain-like (green), and a TIM barrel domain
(blue). (b) A close-up image of the BifdGUS **/10. 10 is shown as green stick. The amino
acid residues (shown as sticks) interacting with 10 are shown in blue and wheat sticks
Aglycone-binding site of the enzyme is formed by a2-helix loops of the two adjacent chains
(shown as A and B chains), loop 5, and loop 6. Loops 5 (L5) and 6 (L6) are at the TIM barrel
domain; the a2-helix loop is resided at the jelly-roll domain. Panel b shows the aglycone-
binding site of A chain. Residues F152 and M153 are from the a2-helix loop at the jelly-roll
domain of A chain, residue N157 is from the a2-helix loop at the jelly-roll domain of B chain.
Residue D179 that makes a hydrogen bonding with 4-OH of glucuronic acid moiety of 10
locates at the jelly-roll domain. (¢) 2D representation shows the important interactions between
BifdGUS*”* and 10. (d) 2Fo-Fc omit map of 10 countered at o level=1, carved at 1.6.
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Supplementary figure S4. Surface presentations showing the active site architectures of
the five bacterial GUSs. CpGUS (¢) and EcGUS (d) have similar small aglycone-binding
sites. The aglycone-binding sites of BAGUS (e) and BifdGUS (a) are relatively larger because
their loops 3 are shorter than that of the former two enzymes. Tip of loop 3 is ordered in
RgGUS/UIFG complex (b), but it is disordered in apo RgGUS as shown in panel f. 10 is shown
as green sticks. Images in panels b-f were produced by superimposing them on the
BifdGUS*7°*/10 complex, which is not shown for clarity reason.
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Supplementary figure S5. Flexibility at the aglycone-binding s1te of CpGUS. (a) A dimeric
structure of CpGUS. Loops 3 of A and B chains are colored in magenta and blue, respectively
(b)-(i). Distance between F363 (A chain) and F368 (B chain) to C6 and C7 of 10, respectively,

fluctuated during the MD simulations.
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Supplementary figure S6. Sequence alignment of five bacterial GUSs and human GUS
showing (a) a2-helix loop region of N-terminal domain and (b) C-terminal domain.



(a) The BifdGUS group: a2 helix loop
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(b) The EcGUS group: Loop 3
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(c) The CpGUS group: Loop 3
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(d) The RgGUS group: Loop 3
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(e) The BfGUS group: Loop 3
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Supplementary figure S7. Sequence alignment of bacterial GUSs. (a) Sequences of a2-
helix loop in the BifdGUS group, (b) Sequences of loops 3 of the EcGUS, (¢) the CpGUS (d)
the RgGUS, and (e) the BfGUS groups. Tertiary structures of BifdGUS, EcGUS, CpGUS,
RgGUS, and BfGUS are followed each sequence alignment. Light blue, light green, light cyan,
and light pink colors represent a N-terminal jelly-roll domain, a middle region immunoglobulin
heavy chain-like domain, a TIM barrel domain, and a C-terminal carbohydrate binding domain,
respectively. The sequences shown in the sequence alignments are highlighted in red color in
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Supplementary Table S1. The Kinetic parameters of bacterial GUSs.

BifdGUS RgGUS CpGUS EcGUS BfGUS TCpGUSRESUSES - o GUSMHSF

K

(1\7[) 1359+227.7  9320+2700  160.6+0.4 201.0+12.9  2402:+604 289.7+15.9 242.3+11.8
4 u

Kea (s7)  112.648.2 24.7+5.8 139.0+3.9  212.8+4.5  35.3+6.0 23.9+0.2 162.5+0.8

K

(ul\“f[) 715.6+0.8 1096+273  134.9+15.4 190.4£10.5 398.8+38.3 ND ND
5

Keat (s 3.140.4 13.6+2.1 33.142.5  76.8+1.5  40.4+1.7 ND ND

K

M 1175.0£453  930.6+270.6  33.5+0.5  74.8+3.8 N/a ND ND
10 (uM)

Kea (s7)  19.420.6 34.7+7.4 112.6£0.9  41.1+1.4 N/a ND ND

K 2431.8+612.

M 646.0+£55.9 86 89.4+0.6  116.7+1.7  98.8+1.8 57.7+0.8 233.1+21.1
12 (uM) 0

Keat (s7)  17.2%15 11.2+2.2 59.0£1.5  79.9+0.4 9.3+0.1 8.4+0.8 86.4421.1

K

M 363.545.9 51.44229  40.6+2.2  23.0+12.9° ND 245.0+44.5 44.5+0.1
17 (uM)

Keat 57)  55.442.0 0.6+0.1 54.1+1.6 0.5+0.1° ND 1.6+0.1 4.6+0.0

K
18 (13[) ND 117.6+4.4  54.7+2.5° ND ND 146.6+13.2 N/a

u

Keat (s ND 0.7+0.0 0.2+0.0° ND ND 1.1+0.1 N/a
N/a-Not available

ND-Not detectable (activity is too low for kinetics experiment)
*Estimated by using high concentration of enzymes

'Original sequence 446 YLM of loop 5 of CpGUS is replaced by the sequence 452 EKN of
loop 5 of RgGUS.



Table S2. The catalytic efficiency (Kca/Kwm; 1/semM) of bacterial GUSs.

Substrates 4 5 10 12 17 18
BifdGUS 82.9 4.4 165 266 1524 ND
RgGUS 2.7 124 378 4.6 129 565
CpGUS 8655 3637 9569 6599 13325 3.1
EcGUS 1058.7 403.4 5497 6847 21.7° ND
BfGUS 147 1013  N/a 94.1 ND ND
CpGUSReEUSES 82.7 N/a N/a 1456 6.5 7.5
RgGUSPEUSL 57.7 N/a N/a 5.98 N/a  ND
CpGUSMHEF 671.5 N/a N/a 3708 1034 N/a

ND-Not detectable (activity is too low for kinetic experiment)
N/a-Not available
*Estimated by using high concentration of enzymes



Supplementary Table S3. X-ray data collection and refinement statistics

BfGUS/UIFG RgGUS apo RgGUS/UIFG BifdGUS*"**/Coum-3-G
(5Z1A) (5Z18) (5Z19) (5Z1B)

Data collection
Space group 1222 Cl121 Ci121 P1211
Cell dimension

a, b, c(A) 80.253, 103.135, 181.868, 118.182, 181.282 112.359 91.34 104.165 160.673

199.147 210.355 209.795

a, B, v (deg) 90, 90, 90 90, 93.45, 90 90 93.45 90 90 90.4 90

Resolution (A) 29.40 -1.86 29.03-2.495 29.92-2.503 29.16-1.45
(1.93-1.86) (2.585-2.495) (2.593-2.503) (1.502-1.45)

I/s 26.17 (3.57) 11.14 (3.86) 6.49 (1.74) 27.36 (1.90)
Completeness (%) 99.1 (98.3) 98.9 (99.2) 98.9 (97.3) 99.5 (97.8)
Redundancy 4.2 (3.6) 3.8(3.9) 3.2 (2.6) 3.6 (3.2)
Refinement
Ryori/Riree 0.1578/0.1895 0.1672/0.2094 0.1842/0.2187 0.1301/0.1602
B factors (mean) 22.74 36.50 42.12 21.60

Macromolecules 21.08 36.40 42.15 20.40

Ligand 16.02 - 38.23 26.90

Water 33.34 38.20 41.20 31.70
R.m.s deviations

Bond lengths (A) 0.005 0.009 0.004 0.012

Bond angles (deg) 0.98 1.24 0.99 1.40
Ramachandran favored
(%) 97 97 96 97

Ramachandran outliers
(%) 0.00 0.086 0.31 0.041



