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Table S1. Data collection and refinement statistics of VoChi1-truncated.

VpChi1-truncated

PDB ID 8HRF

Wavelength 1.54

Resolution range 28.7 - 2.5 (2.589 - 2.5)
Space group P1211

Unit cell

48.8042 159.996 754886 90 92.6828

90

Total reflections

287428 (29979)

Unique reflections

39898 (3994)

Multiplicity 7.2 (7.5)
Completeness (%) 98.75 (97.42)
Mean I/sigma(l) 13.30 (5.63)
Wilson B-factor 14.17

R-int

0.149 (0.330)

Reflections used in refinement

39441 (3894)

Reflections used for R-free

2021 (203)

R-work 0.1659 (0.1776)
R-free 0.2353 (0.2797)
Number of non-hydrogen atoms 9435
macromolecules 8710

ligands 17

solvent 714

Protein residues 1138
RMS(bonds) 0.008
RMS(angles) 0.90
Ramachandran favored (%) 95.06
Ramachandran allowed (%) 4.76
Ramachandran outliers (%) 0.18

Rotamer outliers (%) 3.44

Clash score 12.83

Average B-factor 17.76
macromolecules 17.58

ligands 19.78

solvent 19.94

Statistics for the highest-resolution shell are shown in parentheses.




Table S2. Sampling conditions of chitin degrading bacteria.

Cruise no. Dive no.  Place Depth Latitude Longitude Related species (16S rRNA sequence identity, %) of Isolated strains
o Vibrio pomeroyi (100), Shewanella japonica (98—99),
| - o] 0,
NTO7-09 682 off Noma-misaki 226 31°20.725N  129°59.289E |y o splendidus (99-100), Thalassospira lucentensis (99),
Vibrio cyclitrophicus (98), Pseudoalteromonas piscicida (100),
Psychrobacter marincola (99),
. Pseudoalteromonas piscicida (99-100),
- o )
NTO7-09 683 Kagoshima Bay 200 31°39.506N 130°46.485E Pseudoalteromonas sp (100), Roseobacter gallaeciensis (95),
Seudoalteromonas piscicida (100), Labrenzia alba (98),
Vibrio fischeri (99), Vibrio splendidus (99),
NT07-09 686 Kagoshima Bay 102 31030.742N  130°48.052E  VIbrio splendidus (98), Pseudoalteromonas elyakovii (99),
Vibrio rumoiensis (99), Vibrio tasmaniensis (98),
Pseudoalteromonas arctica (100),
: . . o o Pseudoalteromonas  elyakovii  (99), Pseudoalteromonas sp
YKO7-14 1029 Kushiro Submarine Valley 4,773 41715331 144°38549E 00 e haloplanktie. (100). Peeudoaltaramonae
mariniglutinosa (100), Pseudoalteromonas whanghaensis (98),
Shewanella oneidensis (95),
Vibrio splendidus (100), Vibrio campbellii (99),
YKO7-14 1030 Kushiro Submarine Valley ~ 4,819 41°15203N  144°38.578E Snewanella baitica (100),
Vibrio campbellii (100),
YKO7-14 1031 Kushiro Submarine Valley 3,510 41°16.094N  144°34.672E | seudoalteromonas whanghaensis (99),
Vibrio splendidus (100),
YKO7-14 1032 Kushiro Submarine Valley 3,556 41°15.957N  144°34 562E | seudoalteromonas whanghaensis (99),
YKO7-14 1033 Kushiro Submarine Valley 1,515 42°29201N  144°39.157E seudoalteromonas whanghaensis (99-100),
Shewanella putrefaciens (99),
YKO7-14 1034 Kushiro Submarine Valley 1,521 42°28.899N  144°39.398E | seudoalteromonas ganghwensis (96-100),
Pseudoalteromonas whanghaensis (98),
YKO7-14 1035 Kushiro Submarine Valley 3,750 42°03.67IN  145°09.653E | Seudoalteromonas ganghwensis (99),

Pseudoalteromonas mariniglutinosa (99),
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Fig. S1 Activity plots against crystalline chitin concentration in artificial sea
water at pH7.5.
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Fig. S2 Curve fitting with the model including a diacetyl-chitobiose production
from the double binding state.
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Fig. S4 Binding time distribution simulations with different combinations of

kon values.
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Fig. S5 Distributions of moving velocities and moving length of VpChi1-A352C-
Cy3 and the truncated mutant analyzed by HS-AFM. Enzyme molecules moving
on crystalline chitin were observed in 50 mM sodium phosphate buffer (pH 6.0) at
25°C at 5 fps. The centroids of individual molecules were tracked, and velocities
were calculated from their moving lengths and times.



marine bacteria

Pseudoalteromonas sp. (. GH18 > Fn3  FN3 {cBMs)

Vibrio sp. C GH18 > _FN3 —{ FN3  }—{cBMms)
Plesiomonas sp.  ( GH18 —{ N3 }— FN3 }{cBwms)—{cBMms5)
marine bacteria ¢ GH18 >— FNn3 — FN3 }—cBMmS5)
marine bacteria2 ( GH18 —{ FN3 —{ FN3 }—{cBMms5)
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Burkholderia sp. ( GH18 Y FN3 —{ FN3
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nucleopolyhedrovirus C GH18 >
Lucilia cuprina ( GH18 )

Fig. S6 Domain compositions of the chitinases.




import random
import math

k = 0.47 #koff-CBD 0.47 /s or koff-CD 0.25 /s

x = 1 #number of molecules
times=[]

while x<=500:
t1 = 0 #binding_time s
t1 = math.log(random.random())/-k
times.append(t1)
x=x+1

print(times)

Fig. S7 Python script for binding time simulation of single domain



import random
import math

k1 = 0.25 #CDKkoff /s

k2 = 0.47 #CBDkoff /s

k3 = 2.3 # rebinding rate of CD 10 to 0.25 /s
k4 = k3*1 # rebinding rate of CBM

k3L =[0.25,0.5, 1, 1.5, 2, 2.3, 2.5, 3, 3.5, 4, 5] #n = 0-11
k4L =[0.1, 0.125, 0.25, 0.5, 1, 2, 4, 6, 8, 10] #m = 0-10

Length = 120 #simulation time s
def bindingsim(k1,k2,k3,k4):

bindingtime = 0

t1sum = 0 #total time of CD s

t1b = 0 #Binding time of CD s

t1d = 0 #Dissociated time of CD s

t2sum = 0 #total time of CBD s

t2b = 0 #Binding time of CBD s

t2d = 0 #Dissociated time of CBD s
bindingtimes1=[] #Binding time list of CD

dissocationtimes1=[] #Dissociated time list of CD

bindingtimes2=[] #Binding time list of CBD

dissocationtimes2=[] #Dissociated time list of CBD

while t1sum < Length:

t1b = math.log(random.random())/-k1

bindingtimes1.append(t1b)

t1d = math.log(random.random())/-k3

dissocationtimes1.append(t1d)
t1sum = t1sum + t1b + t1d

while t2sum < Length:

t2b = math.log(random.random())/-k2

bindingtimes2.append(t2b)

t2d = math.log(random.random())/-k4

dissocationtimes2.append(t2d)
t2sum = t2sum + 2b + t2d

L1b = len(bindingtimes1)
L2b = len(bindingtimes2)
L1d = len(dissocationtimes1)
L2d = len(dissocationtimes2)
n1=0

n2=0

tcheck = 0

if bindingtimes2[0] <= bindingtimes1[0]:

tcheck = bindingtimes1[0]+dissocationtimes1[0]

while n2+1 < L2b:

while tcheck - bindingtimes2[n2] >= 0:
if tcheck - dissocationtimes1[n1] - bindingtimes2[n2] <= 0:

sum(bindingtimes2[0:n2])+sum(dissocationtimes2[0:n2-1])

else:

dissocationtimes2[n2]

if n1+1 < L1b:

ifn2 >=1:

else:

tcheck =

n2 = n2+1
if N2 == L2b:

bindingtime

Binding_times.append(bindingtime)
return(Binding_times)

bindingtime = bindingtimes2[0]
Binding_times.append(bindingtime)
return(Binding_times)

tcheck - bindingtimes2[n2]

bindingtime = Length
Binding_times.append(bindingtime)
return(Binding_times)



n1=n1+1
tcheck = tcheck + bindingtimes1[n1]+dissocationtimes1[n1]

elif bindingtimes2[0] > bindingtimes1[0]:
tcheck = bindingtimes2[0]+dissocationtimes2[0]
while n1+1 < L1b:
while tcheck - bindingtimes1[n1] >= 0:
if tcheck - dissocationtimes2[n2] - bindingtimes1[n1] <= 0:

ifn1>=1:
bindingtime
sum(bindingtimes1[0:n1])+sum(dissocationtimes1[0:n1-1])
Binding_times.append(bindingtime)
return(Binding_times)
else:
bindingtime = bindingtimes1[0]
Binding_times.append(bindingtime)
return(Binding_times)
else:
tcheck = tcheck - bindingtimes1[n1]
dissocationtimes1[n1]
n1=n1+1
if n1 ==L1b:
bindingtime = Length
Binding_times.append(bindingtime)
return(Binding_times)
if n2+1 < L2b:
n2 = n2+1
tcheck = tcheck + bindingtimes2[n2]+dissocationtimes2[n2]
n=0
while n < 11:

k3 = k3L[n]
m=0

while m < 10:
k4 = k3*kaL[m]

x = 1 #counts
Binding_times=[]

while x<500:
bindingsim(k1,k2,k3,k4)
x=len(Binding_times)
kaf = '{:.3f} format(k4)
filename = 'Vp_kon3_'+str(k3)+'_kon4_'+str(k4f)
f = open(filename+'.txt', mode='w')
print(Binding_times, file=f)
f.close()

m =m+1
n =n+1

Fig. S8 Python script for binding time simulation of double domain



Legends for Supplementary Movies

Supplementary movie 1

Binding and dissociation events of VpChi1 molecules.

VpChi1-Cy3 (25 pM) in 50 mM sodium phosphate buffer (pH 6.0) was applied to the
chitin-coated glass surface and imaged at 4 fps using a laser power density of 0.14
MW um2. The movie is played at 10x real-time speed.

Supplementary movie 2

Binding and dissociation events of VpChi1-truncated molecules.
VpChi1-truncated-Cy3 (25 pM) in 50 mM sodium phosphate buffer (pH 6.0) was
applied to the chitin-coated glass surface and imaged at 4 fps using a laser power
density of 0.14 yW um2. The movie is played at 10x real-time speed.

Supplementary movie 3

Binding and dissociation events of VpChi1-2ndCBD molecules.
VpChi1-2ndCBD-Cy3 (40 pM) in 50 mM sodium phosphate buffer (pH 6.0) was
applied to the chitin-coated glass surface and imaged at 10 fps using a laser power
density of 0.28 yW um2. The movie is played at 10x real-time speed.

Supplementary movie 4

Movement of VpChi1 molecules visualized by HS-AFM.

VpChi1 was imaged in 50 mM sodium phosphate buffer (pH 6.0) at 25 °C and 5 fps
using high-speed atomic force microscopy. The movie is played at 3x real-time
speed.

Supplementary movie 5

Movement of VpChi1-truncated molecules visualized by HS-AFM.
VpChi1-truncated was imaged in 50 mM sodium phosphate buffer (pH 6.0) at 25 °C
and 5 fps using high-speed atomic force microscopy. The movie is played at 3x real-
time speed.



