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HEALTH:

Waste treatment

Pest Control

Nursing Occupational therapy RESEARCH: FERMENTATION
Medicine Clinical psychology Neuroscience INDUSTRIES:
Physiotherapy Nutritionist Microbiology Food Industry
Radiography Paramedics Pharmacology Beverages
Physical Therapist Pharmacy Molecular Biology Bioproducts
Psychiatrist Dentist
ENVIRONMENT: Agriculture -
Conservation HEMISTRY Aquaculture -~
Protection = - Oceanographist A ,
Monitoring related Geologist

QUALITY ASSURANCE: | Antibiotics & Vaccines v
Testing a product for: | Growth Enhancement : T EDUCATION:
Its quality Genetic Engineering | TMecical Technician “"“"9 Chemistry
Its expiry date Veterinarian
Health Assistant
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Nobel Prize-Medicine

Year Counrty Name
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Percentage of = Most respondents’ highest degree was - Median 2013 starting salary for
respondents  in general chemistry or biochemistry. ~ inexperienced grads:

who were Physical chemistry 39 560
unemployed 2% y

Inorganic chemistry

job seekers 2% for bachelor’s
in 2013: | Organicaﬁemistry
() . :
1 Chemicag!;ducation Generaigl;it}amlstry 55 000
H 1]
4 [ | Analyticasloghemistry for maSter S
0
I Chemical %Pgineering ’ ’
(]
Percentage of Biochemist
respondents 0% for Ph D.s
who are Respondents = 2,035
female: - NOTE: Of the respondents who indicated both their highest degree earned and

51 2 ~ their field of highest degree, 85% earned new bachelor's degrees, 5% earned Median age Of 2013 SLII'VE)!' takEI'S'

master's degrees, and 9% earned Ph.D.s. a Includes respondents who selected
- agricultural/food chemistry, environmental chemistry, forensic chemistry,
- materials science, medical /pharmaceutical chemistry, or polymer chemistry as
- field of highest degree, as well as those who opted not to select a field. :

]
~ for for for

NOTE: For some respondent groups, the number of responses was small and not necessarily representative baChE|Or'5 master’s Ph.D.S
of the wider pool of chemistry graduates in a given group. :
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From Water-Based Synthesis to Enzyme Immobilization
in Metal-organic Frameworks

275 nm-2500 nm
Zeolitic Imidazolate
Framework-90

,5*‘_- Size-Selective ,3\;- '
Qy Sheltering v'}’&‘

O Protease
O
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+ de novo Embedding
v
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Metal-Organic Frameworks (MOFs)

Metal Cluster Organic ligand

Pore

— Open framework - porous and surface areas
— Designable

ety F,
il .
—y -

i, g " d
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Decreasing the pore size

Illustration of porosity existing in nature and synthesized materials with a decreasing pore size: (a) bamboo; (b) honeycomb; (c) SEM image of
alveolar tissue in mouse lung (Reprinted with permission from ref 24; Copyright 2011 Wiley-VCH); (d) SEM image of an ordered macroporous
polymer from direct templating (Reprinted with permission from ref 25; Copyright 2010 American Chemical Society); (e) SEM image of an ordered
mesoporous polymer from self-assembly of block copolymers (Reprinted with permission from ref 26; Copyright 2010 American Chemical Society);
(f) structural representation of an ordered microporous polymer (Reprinted with permission from ref 27; Copyright 2009 Wiley-VCH).

Published in: Dingcai Wu; Fei Xu; Bin Sun; Ruowen Fu; Hongkun He; Krzysztof Matyjaszewski; Chem. Rev. 2012, 112, 3959-4015.
DOI: 10.1021/cr200440z

Bi@s H l E H Copyright © 2012 American Chemical Society
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MOFs with high surface area/thermal stability
'M“ﬁ,*/ 7 : . R

Omar M. Yaghi,* Science, 2013, 341, 6149
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Applications: Shale/Green House Gas Adsorption

@ [d
Applications:
Methane gas Polluted flowback water °
escapes during the may be injected into a deep

mining process. storage well, recycled or
sent to a treatment plant.

e Gas storage

P> are possible.

s Gas separation
Heterogeneous catalyst

flowback water
. has leaked into
If_lez::cli(age of :LaCk',"g drinking water. .
uids from the pipe D d 1
Possible flow has not been seen. I l I g e lve I y
of methane. -

Holes in the well
casing allow fluid to
exit and gas to enter.

High-pressure fracturing fluid

from the
fractures
shale. Sand props the into the pipe.
fractures open.

fluid opens networks
of fractures in the

High-pressure fracking \ Gas flows
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Zeolitic Imidazolate Frameworks (ZIFs)

-Subclass of MOFs
-Highly chemical and thermal stability
-Best porous material for CO, capitulation by physisorption

Tetrahedral metal Imidazolate
(e.g., Zn or Co)

@)
VI Y
S1-O-Si M-Im-M
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Zeolitic Imidazolate Frameworks -8 & -90

e Structure /( )\
N Or w

Zinc ions 2-Imidazolecarboxaldehyde
IUPAC Pore Diameter (D)
Macroporous >50 nm
Mesoporous 2~50nm
| Microporous <2nm |
 Application:

- Gas separation membrane
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Rapid Synthesis of ZIF-8 in Agueous System

Py @)
NF N R
- 3
z
2-methylimidazole ZIE-8 E
Zn2+ mlm HZO } l 1 Simulated sample
a LA KR v
1 - 70 1238 Stir ~5 min, rt 5 10 15 20 25 30 35 40
Theta (degree)
(a) 1004 (b) 400°Cforsh f
2 300°Cfor24h
z ® 3
g 70 g ‘l A = 300°Cfor10h
01 g A A A 200°C for 24 h
40750 250 %0 0 500 ebo 730 %0 5 10 15 20 25 30 35 40

TC) 2 Theta (degree)

As-synthesized 200°C for24 h 300°C for10h 300°C for24 h 400°C for5Sh

Bi@SH[EH Zhiping Lai* et al. Chem. Commun., 2011, 47, 2071-2073 13
NG
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Water Based Synthesis of ZIF-90

 22MLH,0 Zn(NO,), » 6H,0 &=
! 0.01gPVP >

" 0.48¢ICA

PVP : Polyvinylpyrrolidone / ICA : Imidazole-2-carboxaldehyde

Zn?* 1 ICA: H,0
1 4 :1244

10 15 20 25 30 35 40
2 theta (degree)

-4)

(I

10 15 20 25 30 35 40
2 theta (degree)
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Controllable Particle Size by Viscosity
Change of Synthetic System
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Cover Image
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275 nm - 2500 nm
Zeolitic Imidazolate
Framework-90

M Water-Based
o Synthesis
Wi

S-C Wang, Kevin Wu’

Water-based, environmentally feiendly, ...

rnal 2013

licroparticles

» P b1

.. size controllsble and rapid synthesis of zeolitic imidazolzte framework-90 nanoparticles (ZIF-50 NPs) is de-
scribed. In their Communication on page 11135 ff., F.K. Shieh, Kevin CW, Wu et al. report the synthesis of ZIF-
90 NPs with the smallest particle slze of 270 ne in 2 water-based (HOValcoholPUF) system under amblent con.
ditions. The effects of PUF polymer concentration, alcohol, and ZndCA retio on the properties of these NPs
were also Investigated. The image of Tahwan (home country of the authors, deplcted in the first sphere) was
provided from CSRSR &t National Central University, and the Cover picture was made by Professor C-K (Frank)
Taung in Boston College,

WILEY-VCH
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Enzyme Immobilization
A: Covalent bonding B: Physical absorption

B

J. Am. Chem. Soc. 2000, 122, 6311. ;J. Am. Chem. Soc. 2014, 136, 1202.
Bi@SH l E H All right reserved to prof. Martin Chaplin from London South Bank University, UK
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De Novo Encapsulation and Enzyme Cataly3|s

Shao-Chun Wang
ICA ﬂ
N)\ﬂ/ ZD(NO3)2 Substrates
se8' O

'\' . 7”. iy ‘ ‘ ‘
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Inhibitors
~ Products

Catalase@, Zeolitic Imidazolate Framework-90
Enzyme protected and no leaching problem
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Prof. Tsung

SRR R Ry

Chia-Kuang Tsung*, ACS Nano, 2014, 8, 2812-2819
. Chia-Kuang Tsung*, J. Am. Chem. Soc. 2014, 136, 10561—-10564
BioSHIEH J 1stng
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Biocatalysis: Enzyme@ZIFs

&
Substrates @

MOFs: ZIF-90; Enzyme : Catalase-hydrogen peroxide decomposed
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Characterizations of CAT@ZIF-90

350 ZIF-90 100

00 80 -

= =

=1 | CAT@ZIF-90 ="

2.0 ZIF-90

.| CAT@zIF-90

] Catalase

A A R R 200 400 600

Relative Pressure (P/IP%) Temperature (°C)
‘ CAT@ZIF-90

S (M9)  Seer (M) Vig(€M¥G)  Vipiero (€M)
[ o ZIF-90 1309 992 0.55 0.38
imuiate
| ‘ | ||. il i s CAT@ZIF-90 1111 843 0.47 0.37
5 15 25 30 35 40

2- Theta (degree)
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Seeing embedded enzyme in ZIF-90!!?

CAT@ZIF-90

Confocal microscope images

CATonZIF-90

Free catalase

72 55 26 kDa

O um 9 MM

FITC-CAT@ZIF-90 FITC-CAT-on-ZIF-90

BioSHIEH (27
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Size-Selective Sheltering of Catalase in ZIF-90

o] Ethanol Synthesis

Proteanase K: 28.9 kDa

Catalase with Proteinase K
-11 CAT@ZIF-90 with Proteinase K (K, = 0.0246 sec)
CAT@ZIF-90 (K., = 0.0268 sec) Pore diameter (A)

40 8 120 160 200 240 ZIF-90 48
Time (sec.) CAT@ZIF-90 48

BioSHIEH 28
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Size-Selective Sheltering of Catalase in ZIF-90

Lineweaver-Burk plot

Table S$3: The kinetic parameters on catalase in CAT@ZIF-90
1 s
KM (mM) Vmax (MM/S) kcat (S ) =2
%2
CAT@ZIF-90 0.38 2.17 26.06* >
- y=176.45x+0.46
. . . o . R2=0.9928
*: [E]r is calculated with approximately 5 wt. % loading efficiency of catalase in
CAT@ZIF-90 y

-O.IOZ ' 0 ' 0.62 ' O.'04 ‘ O.IOG
1/[H,0,] (uM?)

Catalytic activity of catalase in different Lineweaver-Burk plot for determination the
conditions Kinetic parameters on catalase in CAT@ZIF-90

BioSHIEH B
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VIRTUAL ISSUE

JIAICIS . B

I g - \ )
v

Reticular Chemistry construcrion,
PROPERTIES, AND PRECISION REACTIONS OF FRAMEWORKS

4 Guest Editor: ,(\ |
OmarYaghi "

2% ) Size-Selective
7 Sheltering

Protease

Catalase
i+ de novo Embedding

G - 9
icA &' znion

ZIF-90 Precursor

‘ PerOX|de :
Decomposing

H202 H20 + O2

F.-K. Shieh,* S.-C. Wang, C.-1 Yen, C.-C. Wu, Kevin Wu* and C.-K. Tsung* et al.,
J. Am. Chem. Soc., 2015, 137, 42764279 (Citation:53)

Omar M. Yaghi.,* J. Am. Chem. Soc., 2016, 138, 15507-15509

BioSHIEH
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rus in MOF

I

V

HMIM

TMV@MOF

55, 1-7

> QOH
=N
Angew. Chem. Int. Ed. 2016

2

°C, 30 min
NO

pHS.0,0
el

2130

OH




Fa-Kuen Shieh

Yeast wrapped by MOFs

60
Degradation of
MOF coating a0

Cell viability (%)

1 e,
TR b
«'t‘. \-' .s - “ q
B Gk e
e, 2
Ny
= -
Formation of e SRE
MOF coating

20

‘ X
C' 100 ‘
s 5
| 4 80

B s

ZIF-8-coated ZIF-8-coated Native yeast  Native yeast with
yeast yeast free ZIF-8 particles

-
Cell re-growth

50 um

Bl@SHlEH Adv. Mater. 2016, ASAP
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Enzyme-MOFs

Immobilization: Physical absorption

Ma, S.* J. Am. Chem. Soc., 2012, 134, 13188
Ma, S.* J. Am. Chem. Soc., 2011, 133, 10382

Covlent immobilization
H. C. Zhou,* Nat. Commun., 2015, 6, 5979

Controllable release
P. Falcaro,* Nat. Commun., 2015, 6, 7240

Size Shielding & Proteinase K
Fa-Kuen Shieh,* J. Am. Chem. Soc. 2015, 137, 4276

Long-term stability of OPAA@MOF
Omar. K. Farha,* J. Am. Chem. Soc., 2016, 138, 8052

Why enzyme immobilization conquer denature?

33
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BioSHIEH Fa-Kuen Shieh,* et. al., J. Am. Chem. Soc. 2015, 137, 4276
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Spatial Confinement Effect

()
Denaturant
Active CAT@ZIF-90 Unfolding
Denaturant  eesss,
' T<_ 53 cannot unfold
® ISEipr* ) °f X
‘ s BE L -»v' rs L
L T PR
‘ Y " @ -\-{jl‘:“..‘:‘
L Y W
9 -;:;'_F
=8
/ 1 1
H,0 | ' H.O, O
il - TR spatial
CAT@Z;F.jo Confinement
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Probing spatial confinement effect

4 = 1) Enzyme denaturation by unfolding the structure:

Unfolding Q\ »  high-temperature or denaturing treatments such as urea-a

(urea + mercaptoethanol)

chaotropic molecule- disrupting hydrophobic interactions.

substrate
. ; Y o
.

L]

2) Enzyme inactivation was also achieved without / A
structural changes by blocking the active site |
using inhibitors.

Catalase inhibition by 3-AT

BioSHIEH ~ 0
NAaNnoV e




Fa-Kuen Shieh

Urease@ZIF-90:

de novo approach of Urease@ZIF-90
1. Mw: 440-480 kDa

2. Urease from Jack Bean

3. Catalytic reaction-Hydrolysis of Urea Urease@ZIF-90

Mrk Urease. Urease on ZIF-90. D im en Si on al SiZ e

Calculated via Pymol. ‘

72 . 4.7A
55 e
.................. >
26 - 3.2 A
kDa 3-Amino-1,2,4-triazole Urea ZIF-90

Urease@ZIF-90

Bn@SHIEH P
Nar ()Mo
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ZIF-90 selected for demonstrating hypothesis

ZIF-8

TG

pH=3.0 pH=4.0 pH=5.0 pH=6.0

100-

Relative activity (%)
ul
o

Buffer ICA MIM
*¥¥**X50mM Citric buffer

BioSHIEH (38
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Relative activity of CAT@ZIF-90 under urea

ZIF-90 CAT@ZIF-90
100
80
<
>
b= 8
O
o S
] £
2 40 = 6-
K £
2 £ 2
20 2
kG
g i} l
0 —

1
0.05 2 6 8
Concentration of urea (M)

BioSHIEH (39
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Kinetic decomposition of H,O, under

denatured conditions

5
[
4 -
A CAT@ZIF-90Nkpy = 1.3 X 10 3sect =~
at 6M urea i ‘
3 4 » : - =
[C] Pure catalase '
'O—: at 6M urea - ’1det abl ' ' '
% ] CAT@SBA-15 $ E 0 Bk B
= 21 at 6M urea ndetectabl _
ocwevee (R B B § OB
at 6M urea 5 detectabl,
1- G) =eereensnnsannsunssnnsnnsnnnsunssnnnnnsas » 4800
Time (sec.)
O I 1 L} I
0 600 1200 1800 2400
Time (sec.)

B:@SHIEH

xL

Relative activity (%)

S
1

w
1

N
1

(WY
1

0-

B CAT@ZIF-90

AARA

k., -1.05 X 1073 sec?

obs

B CAT@MCF

-undetectable

B Pure catalase

|
4 - N

-undetectable

[ E——_y ¥ -1y ]
Time (Sec.)

Activity in 80 °C




Fa-Kuen Shieh

Local concentration reached equilibrium

3.0-
A
L
__2.5-
‘T‘v) v
o
= & L ]
2.0~
N & =
&
1.5
Equilibrium 4\
Biological Functional Capability
k.. reached constant after 30 min
1.0 T T T ) I

10 20 30 40 so  Incubation
Incubation Time (min.)

BioSHIEH o
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\

Active CAT@ZIF-90 Unfolding

Fluorescence spectra using wavelength,, ....... as 280 nm

{a) 1.0 Catalase/ 8M Urea
Catalase/ 3-AT
Fy
‘w 0.8 \ Catalase
c
2 Y
£
c 0.6
o]
7
4]
E 0.4-
L
_g 337 nm
m© 0.2 s
£ b 348 nm
0.0

300 320 340 360 380 400
Wavenumber (nm)

B.@SH]EH J. Am. Chem. Soc., 1975, 97, 4131-4133
NaNnoM e 42
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Relative emission intensity

Bio

Fluorescence Spectra:

CAT@ZIF-8 under 3-AT and urea

=
o
1

O
o
i

mmm CAT@ZIF-8
m 3-AT

o
a
1

mmm 8M urea

o
»

340 350
Wavelength (nm)

330

w
N
o

Nar

360

[[] CAT@ZIF-8 under ,; g m urea
K, = (1.25 #0.03)x10°

AR
[[] CAT@ZIF-8 under 4 gm urea
K, = (8.34 +0.0004)x10™*

LA

Time (Seconds)

» 2400

I
0 600

) | )
1200 1800 2400

Time (seconds)
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Spatial Confinement Effect in Metal-Organic
Frameworks Conquers Enzyme Unfolding: Boosting

the Biological Stability of Catalase@ZIF-90 in Urea

Denaturant esssss
' o 3 cannot unfold
‘ | oy e

H,O, O,

s;mtlal
Confinement

Ready to Submit

BioSHIEH (44
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Thank you for Attention !!
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n MOF

Irus in

V

HMIM

TMV@MOF

6,55, 1-7

Angew. Chem. Int. Ed. 201

OH
N

e

2

°C, 30 min
NO

pHS.0,0
el

2130
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Catalase

i de novo Embedding
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B
ICA s.a,\g_., o

ZIF-90 Precursor

Sheltering

p rOtea se 7:.""‘{’\', ‘\"L_'\) :

* Decomposing
H20:2 0 o

Fa-Kuen Shieh,* et. al., J. Am. Chem. Soc. 2015, 137, 4276
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