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Fabrication of designable bio-based adsorbents for precious metals
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We have developed novel metal adsorbents composed of bio-based materials,
cellulose and proteins. Many kinds of metal-binding proteins and peptides are reported in nature or
by directed molecular evolution methods. However, proteins and peptide are usually dissolved in
water and cannot be used for metal ion recovery from aqueous solution. Therefore, we tried to
immobilize metal-binding proteins/peptides on water-insoluble cellulose via carbohydrate binding
module (CBM), which is known to bind to cellulose. We constructed fusion proteins composed of
metal-binding proteins/peptides and CBM, where a metal-binding part of the fusion proteins is
variable or modifiable depending on target metal ions including Au and Pd. The fusion proteins were
strongly adsorbed on cellulose and could be used for precious metal ion recover from aqueous
solution. Adsorbed metal ions can be desorbed from cellulose by using stripping agents, and
continuous metal recovery system using column was also developed.



CBM: carbohydrate binding module
ChBP: chitin-binding protein

@ ©

D

NEB
108

@) Au Pd

CBM: carbohydrate binding



module
AuBP
©)
2 -
(1)
Au Pd
M13
) Au Pd
(1)
AuBP
Aubp
CBM Aubp-CBM
Aubp Aubp-CBM
1 AU
Bl Au-binding protein (Aubp)
/ \ ) #EAUT A B
Yy \J
MQHVFTVDGMSCGHCVKAITQ
AIRALDPQAQVRVDLDERRVEV
AuEE R 0 E ESDRSRVALADAIRDEGYTVRD
(Aubp) a-~Y v R
Aubp

Aubp-CBM AubpTify 85 B AIN2a—Yaw
1 Au Aubp CBM
Au
2 AU 1
AUt
AUt
Aubp-CBM  Aubp
Aust
Aubp
Aubp-CBM
AuBP-CBM AuBP 1.33
1 AuBP AuBP-CBM
2 Au* AuBP-CBM

CBM (-%

v B oy P

Au®* recovery (%)

Tepidimonas fonticaldi AT-A2

PdBp CBM
CNF
PdBp
CBM Aubp-
CBM 2 Aubp
100 ;
90 1 Ini. Conc. = 0.1 mM
1 25%C, 2h
80 1 pHS e
70 —
0 T
50 |
40 7
30 |
20 4
10 4
0 1 [——
A 289 Aubp-CBM  AubpffimE! AT
BiL Ja—Tav
Au®
Aubp-CBM
Au
Au
Au
1.44
Au
AuBP AuBP-CBM



AuBP Au*
Au
Aust
1
Au3+ Au3+
nmol/mg nmol/mg nmol/nmol
Aubp-CBM 0.574 3.32 5.81
Aubp 0.486 375 7.75
0.356 2.99 841
3 Au XPS
84~85 eV
87~88 eV 84~85€eV  Au4fs, 87-88eVv  Au 4fy
Au(0) Aus* Au®  Au(0)
AUt
AUt Aust
AuBP AU
A Au(0)
AuBP AuBP-CBM
XPS AU
4  AuBP Au Au
Pd
Au
AuBP Au
40 > E
s — EnO-2 — AUBP-CEM 45 , "%/ﬂ@ z;;ﬁg%g{r mM
AUBPEIIHE!  AUO 4fy, FINTa—gy 2 41 % pH 5
% Y AU 4f, :g ]
34 " ] & -
P 32 A A ]
< 30 W “\A J 12‘.3
2 [ fﬁ/ 3
% W/ Wﬂ s
. W V M"\' b
24 ) A AR WA 0
22 i f’\/w WVV\HU Do “-M\
L/\ Wl' N \V\/\ f ‘
20 | \ .
77 78 79 80 81 82 83 84 85 86 87 88 89 90 91
Au3+ Pt4+ Pd2+ Cu2+ C02+ Ni2+ Zn2+
Binding energy (eV)
3 Au XPS 4
PdBP CBM PdBP-CBM
CNF 5
CNF PdBP-CBM 24% 92 %
BSA CNF PdBP-CBM
CBM CNF PdBP-CBM
CNF CBM
6 CNF PdBP-CBM
PdBP-CBM
CNF

30-40%
CNF



= =

CNF + 2 + CNF +
BSA PdBP-CBM  PdBP-CBM
100 ok
90 % 90
= 80 80
& 7 - 70
’g‘ 60 :“Tf 60
@ 50 jo 50
D 40 %‘ 40
N 30 30 )
® 95 20
10 10 I
0 0
CNF 248 CNF Hifk B+  oyp ONF+
+BSA +PdBP-CBM  +PdBP-CBM PdBP-CBM PdBP-CBM
5 6
100
7 CNF 5
80
70
ESZ 60
HSAB £ o
02
? 40
30
EDTA 20
10
0
TR EDTA VIUE  FAILT
HO._O O _OH s
HNO; [ (o ooy I
Hof‘/\/D\QH HO%OH HZN/C\NHZ
7
(©)
AuBP AUt i1mM 20mL 5
4.87 nmol/mg 9.21
nmol/mg 11.7 nmol/mg 11.9 nmol/mg 12.0 nmol/mg AuBP
Aust 12.0 nmol/mg 8
12.0 nmol/mg  Au®* 1M
AUt 10.8 nmol/mg
89% AU
14
£
£
i
i
Aud* %
[ Au* ZLO0—2
. \ ' g
tLA—2 : T &
wHTEE | ; g
= o 8
a3 :
Iy

JENE:
| & ‘
$5 L40mmx @12.6 mm

WiEE BEE

8 A Au B



6
2021
2021
2021
2021
Au3+
2021
2021
2020

2020




JpGU 2022

2022

Wilson Mwandira

2022

2022

2023

336

21




