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Carbonic anhydrase can significantly promote the hydration of carbon
dioxide. Therefore, the enzyme is useful for the absorption of carbon dioxide followed by the
formation of calcium carbonate particles. In this work, first the enzyme-dendronized polymer
conjugates were prepared and their activity and stability were clarified. Then, the conjugates were
firmly immobilized on the solid surface through adsorption for the application to catalytic
flow-through reactors. Second, the enzyme molecules were covalently coupled with phospholipid
bilayer vesicles (liposomes) and the catalyst was applied to the formation processes of calcium
carbonate particles with different size and morphology in the presence of calcium ions.



@)

2 10%
@ (BCA)
ETH-Zurich Peter Walde
(de-PG2)*? N-succinimidyl
6-hydrazinonicotinate acetone hydrazone; S-HyNic
HyNic Bovine carbonic anhydrase (BCA)
N-succinimidyl 4-formylbenzoate; S-4FB
BCA-4FB BCA:4FB BCA
(23 ) 4nh BCA-4FB BCA 1 4FB
4FB 4-formyl-N-methyl-benzamide
(methyl-4FB) BCA BCA-4FB
HyNic BCA-4FB HyNic:4FB
15-20 h Bisaryl hydrazone (BAH) BCA
354 nm (Asss)
BCA Azgo -BCA
de-PG2-BAH-BCA 4
(2) BCA
BCA p-nitrophenyl acetate (p-NA) BCA
A405(8405 = 10510 M'lcm'l) Asss €318 = 5400 M-tcm™
25
®
de-PG2-BAH-BCA 10 mM sodium phosphate (pH 7.2)
1.6 mm 14 cm 0.64 mm 125cm 2
7 mm 0.68 mm de-PG2-BAH-BCA
BCA
1.0 mM p-NA Agos
ETH-Zirich 1
2
23
@) BCA

1-palmitoyl-2-oleoyl-sn-glycero-3-phosphocholine (POPC),
1-palmitoyl-2-oleoyl-sn-glycero-3-phosphoglycerol (POPG)
1-palmitoyl-2-oleoyl-sn-glycero-3-phosphoethanolamine-A-(glutaryl) (NG-POPE)
65:20:15 Extrusion
1-ethyl-3(3-dimethylaminopropyl)carbodiimide (EDC)



N-hydroxysulfosuccinimide (sulfo-NHS) BCA

BCA
(POPC) BCA- 4
(5) BCA-
BCA-
pH Tris BCA-
10%
(SEM)
(@)) BCA de-PG2-BAH-BCA(Fig-1A )
(de-PG2) 11% HyNic BCA:4FB=1:2
BCA-4FB BCA  4FB 4FB
BCA 4FB/BCA MSR =
[4FB]/[BCA] = 0.97 =+ 0.26 BCA 1 1
MSR ~ 1 BCA/4FB
4FB BCA BCA-4FB 0.1 M sodium
phosphate/0.15 M NaCl (pH 7.2) pH BCA-4FB
BCA de-PG2-HyNic
BCA-4FB Fig.1B BAH
BCA 1 M NaCl 354 nm
BAH
g4 = 29,000 M-tem™ BAH 48.4 MM
BCA de-PG2-BAH-BCA BCA
BCA 1,000 repeating unit  de-PG2 1
175  BAH 115 BCA BAH BCA
BCA 2 4FB
2 4FB BCA
ETH-Zirich de-PG2-BAH-BCA 4 40
55 BCA
A ‘(:D 0 B 20 .
: N)‘H\Qm ST bond Lol Si l\'\: ’s\‘c;dcl:tlJm phosphate buffer (pH 7.2)
VLt BAH bond 9 =
V, € :
carbonic s‘ . /NH g 149 |
anhydrase HN"™y g g 124
(PDBj 1V9E) I ’
ot g 07 AAgg, (1= 0.2 cm) = 0.281
2 S 08 =
HN H o denpol < [BAH] = 48.4 uM
L\*ditkgwﬂ/[th .E 06 \\ 1260 min
o 0.0 o
ﬂz% < 044 \
0.2
0.0 0 min e
250 300 350 400 450 500
de-PG2-BAH-BCA Wavelength / nm
Fig.1 (A) (de-PG2) (BCA, PDBj code 1V9E)
(B) de-PG2-HyNic  BCA-4FB
1,000 repeating units 100 BCA
de-PG2-BAH-BCA
de-PG2-BAH-BCA
BCA-
BCA-

de-PG2-BAH-BCA



(2) de-PG2-BAH-BCA

@

de-PG2-BAH-BCA 10 mM sodium phosphate (pH 7.2)
pH7.2
1.6 mm 14 cm
11.2 pmol/cm®*  31.6 pmol/cm*  BCA
0.64 mm 12.5cm
de-PG2-BAH-BCA SEM
de-PG2-BAH-BCA
de-PG2-BAH-BCA BCA
1.0mM ,U—NA Asos Fig.ZA
de-PG2-BAH-BCA
Asos
BCA  p-NA
Fig.2B de-PG2-BAH-BCA
3 400 s 250
< 1 A Micropipettes ; B Glass fiber filter
% 350t Flow rate: 2.7 pL/min Flow rate: _ % 2004 Flowrate: 2.7 ul/min
% 3004 o shift tof.? ul/min g .
é 2504 @%Q% é 150 " %mf%;gm@a o
g2004 | b3 g vy
E 150 ° % . 8 100 2
- R T P 8
S 100H ©e 2 s
S e o 504
g Sot ¢ O Micropipette (small) _g AAA
Zé_ O—.O ® Micropipette (large) Zé_ ol
0 5 50 75 100 125 150 0 20 40 60 8 100 120 140 160 180

Time / min
Fig.2 (A) de-PG2-BAH-BCA
1.0 mM p-NA (B) de-PG2-BAH-BCA

» @
(3) BCA-
BCA-
0.66 nm?
2.04 x 10°
1 BCA
10%
BCA
BCA
Fig.3A
(4) BCA-
BCA-
600 nm
Fig.3B

BCA-

Fig.3C

Time / min

BCA

149 nm
3.7 nm

550 BCA
BCA

4 nm

BCA
BCA-
BCA-

1800 s
30

BCA

BCA



BCA-

10%
6%
SEM
4 10
A with BCA-conjugated B C
. liposomes l
D TN OIS P . !
[ "iﬁl\“’}:}ma 1V9E ~ without BCA E
;alcium“&%% 3 < % %
ion ..“‘_\\ ° A /...‘ o o 24 = -104
S e e 2= O g
.o'o. = :.l.. . 20 % %
Liposome
0 T T T T T -30 : T
0 300 600 900 1200 1500 1800 0.1 1 10 100
Time /s Concentration of CaCl, / mM
Fig.3 (A) BCA- (B) 30 caCl, (46 mM)
BCA- Tris
(ODeoo) (C) BCA-
(BCA)
BCA-
(de-PG2-BAH-BCA)
BCA- BCA
BCA-

1) A. Kuchler, J. Adamcik, R. Mezzenga, A. D. Schluter and P. Walde, Enzyme

2)

immobilization on silica glass through simple adsorption of dendronized
polymer-enzyme conjugates for localized enzymatic cascade reactions. RSC Adv., 2015,
5, 44530-44544.

A. Kuachler, J. N. Bleich, B. Sebastian, P. S. Dittrich, P. Walde, Stable and simple
immobilization of proteinase K inside glass tubes and microfluidic channels. ACS Appl .
Mater. Interfaces, 2015, 7, 25970-25980.

6

Naoyuki Nagatomo and Makoto Yoshimoto®, High permeability of polyunsaturated lipid
bilayers as applied to attoliter enzyme reactors. ACS Appl. Bio Mater., accepted,
DOI: 10.1021/acsabm.9b00165

Makoto Yoshimoto, Thomas Schweizer, Marco Rathlef, Tazio Pleij and Peter Walde",
Immobilization of carbonic anhydrase in glass micropipettes and glass fiber filters
for flow-through reactor applications. ACS Omega, 2018, 3, 10391-10405.

Makoto Yoshimoto® and Peter Walde, Immobilized carbonic anhydrase: preparation,
characteristics and biotechnological applications. World J. Microbiol. Biotechnol .,
2018, 34, no.151 (14 pages)

2018, 67, 711-717.



Keisuke Maeshima and Makoto Yoshimoto®, Preparation and characterization of carbonic
anhydrase-conjugated liposomes for catalytic synthesis of calcium carbonate
particles. Enzyme Microb. Technol., 2017, 105, 9-17.

Takeshi Ohtsu, Saki Shigenari, Makoto Yoshimoto™ and Hiroshi Umakoshi, Reactive
bienzyme systems fabricated through immobilization of biotinylated glucose oxidase
and peroxidase molecules onto neutralized avidin-conjugated liposomes. Biochem. Eng.
J., 2017, 125, 81-87.

14
Nicolas Ghéczy, Makoto Yoshimoto and Peter Walde, Enzyme immobilization on
different solid silicate surfaces with the help of a dendronized polymer (denpol).
Swiss Chemical Society (SCS) Fall Meeting 2018 (Lausanne, Switzerland 2018.9.7)

Makoto Yoshimoto, Jun Yamada, Kenji Mizoguchi and Peter Walde, Increased heat
stability of a-chymotrypsin through its confinement in liposomes. Swiss Chemical
Society (SCS) Fall Meeting 2017 (Bern, Switzerland 2017.8.21).

Makoto Yoshimoto, Jun Yamada, Kenji Mizoguchi and Peter Walde, Single monomeric
enzyme molecules confinement in liposomes results in increased enzyme heat stability.
1st International Conference on Molecular Systems Engineering (1CMSE2017) (Basel,
Switzerland 2017.8.27-29).

Professor Peter Walde
(ETH-Zirich)
Department of Materials

Professor



