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“Part 2: Enzyme Engineering”
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What’s an enzyme?

@ Classification

@ Characteristic

€ Enzymatic Unit

@ Parameters involved in activity
€ Commercial enzymes

What’s an enzyme?

* A functional protein called as
an enzyme.

* They are responsible for
thousands of metabolic
processes that sustain life.
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Enzyme classification

Enzyme example(s)

Grou Reaction catalyzed Typical reaction . ..
P ¥ yp with trivial name

To catalyze oxidation/reduction
EC1 reactions; transfer of H and O atoms| A" ():':djc:d; BH  IDehydrogenase,
Oxidoreductases | or electrons from one substance to | 440 - a0 (oxidized) [OXidase

another
Transfer of a functional group from
EC2 one substance to another. The group| . .
— ) AB+C->A+BC  [Transaminase, kinase
Transferases may be methyl-, acyl-, amino- or
phosphate group

EC3 Formation of two products‘from CI I H,0 -5 AOH + BH Llpas.e, amylase,
Hydrolases substrate by hydrolysis peptidase
EC 4 Non-hydrolytic addition or removal rcocoon - RcoH + co,
Lvas of groups from substrates. C-C, C-N, |or [x-A-8-Y] > [A=B + X- |Decarboxylase
ryases C-0 or C-S bonds may be cleaved Yl
ECS Intramolecule rearrangement, i.e.
Isorr isomerization changes within a ABC -> BCA Isomerase, mutase
isomerases single molecule

Join together two molecules by
EC6 synthesis of new C-O, C-S, C-N or C-C|x + Y+ ATP - XY + ADP +
Py L ¢ Synthetase
Ligases bonds with simultaneous breakdown

of ATP

Enzymes characteristics

* Enzyme, as a protein, is similar to catalyst and so called
“biocatalyst”.

* Enzyme accelerates the reaction via decreased the
activation energy.

* The reaction is under mild condition but concerns
optimal pH and temperature.
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Glucosidase converts sugar maltose to two glucose.

Enzymes characteristics

* Catalytic power

* High specificity

» Co-enzymes or co-factors

Table 1.1 Advantages and Drawbacks of Enzymes as Catalysts

Advantages

Drawbacks

High specificity

High activity under moderate conditions

High turnover number
Highly biodegradable
Generally considered as natural products

High mol

ecular complexity

High production costs

Intrinsic fragility

Enzyme image (57 % ¥ %)

* Definition:

1 Unit of enzymatic activity was defined as the amount of
the enzyme that catalyzed the reactant of 1 pmole per
minute at optimal temperature, pH with defined volume
or enzyme amount.
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Calculation of enzymatic activity: CMCase

CMCase is also a kind of endo-glucanase or say “cellulase”:

1. Enzyme activity toward CMC was measured according
to dinitrosalicylic acid (DNS) method (Miller 1959).

2. The 200 pl reaction mixture in 0.5 ml tube contained 50
mM phosphate buffer (pH 7.0), 0.5% CMC and 50 pl
enzyme solution. After incubation at 55°C in a thermal
cycle machine for 10 min.

3. The concentration of reducing sugars was determined by
measuring OD,,, using the DNS method. One unit of
enzyme activity corresponds to 1 pmol glucose per
minute in the reaction.

4. FPase assays were carried out with 0.5% Filter paper in
place of CMC as substrate. The time of reaction was 30
min.

Other parameters involved in activity

» Metal ion effect

» Co-enzyme and co-factor

» Enzyme Coupling and regeneration
» Key and lock: antigen and antibody
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BRENDA

* The largest bank for enzyme’s information.
* http://www.brenda-enzymes.org/index.php

* Find out an enzyme’s properties you have
interested via BRENDA!
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Find out the suitable enzyme candidate from BRENDA

Specific activity .
N organism remark

umol/min/mg
7313 Anguilla anguilla
25780 Trematomus bemacchii -
26970 Acipenser gueldenstaedtii |- purified native enzyme, pH 7.4, 30°C
52410 Chionedraco hamatus -
285000 Meserhizobium loti Q8KJME |reverse reaction of bicarbonate dehydration at 4°C in a MES/KOH pH

6.3 buffer

1914000 Meserhizobium loti Q8KJME  |forward reaction of CO2 dehydration at 4°C in a HEPES/NaOH, pH 7.5
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Application
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Major enzymes in food market
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Novozymes ®

—
ENZYME CLASS INDUSTRIAL ENZYMES
EC 1: Oxidoreductases catalase

laccase Rethink Tomorrow
EC 2: Transferases glucosyltransferase
EC 3: Hydrolases amylasa

cellulase

lipase

mannanase

pectinasa

phytase

protease

pullulanase

xylanase
EC 4: Lyases pectate lyase

alpha-acetolactate decarboxylase
EC 5: lsomerases glucose Isomerase
EC 6: Ligases not used at present

Table 1. A selaction of enzyme types usad In industrial processes.
(The classes are defined In Table 2.)

s ~ V"novozymes'

19

NounsrwnR

Enzymes for detergency

A better cleaning performance in general

Rejuvenation of cotton fabric through the action of cellulases on fibers
Reduced energy consumption by enabling lower washing temperatures
Reduced water consumption through more effective soil release
Minimal environmental impact since they are readily biodegradable
Environmentally friendlier wash water effluents

(in particular, phosphate-free and less alkaline)

20
4. Enzymes for detergency and personal care




Enzymes application in non-food industry Enzymes application in Energy

1. Laccase 1. Endoglucanase (EG)
2. Cellulase 2. Exoglucanase or cellobiohydrolase (CBH)
3. Leather-making 3. Beta-glucosidae (BG)
4. ...
Amylases Starch modification

Delnking

Dralnage Improvement

Cleaning
Hylanases Bleach boosting

Energy saving
Cellulases Deinking

Dralnage Improvemant

Energy saving

Tissue and fiber modification
Lipases and Ptich control
esterases Stickles control

Deinking

Cleaning

Table 3. Examples of enzyme applications in the pulp and paper industry.

Enzymes application in food industry

Major enzymes provided by Novozymes®

e e ENZYME SUBSTRATE PRODUCT APPLICATION
Amylase Maximizes the fermentation process to obtaln an even nitrile hydratase pyridine-2-carbonitrile nicotinamide Pharmaceutical intermediate
Sl s auE R R 1. Su gar Processipg nitrile hydratase acrylonitrile acrylamide Intermediate for
Mattogenic alpha-amylase Improves shelf Iifa of bread and cakes through antistaling watersoluble polymers
D-amino acld oxidase cephalosporin C J-aminocephalosporanic acid Intermediate for

Glucose oxidase Cross-inks gluten to make weak doughs stronger,

drier and more elastic

Lipasa Modifies the natural lipids in flour to strengthen the dough

Lipoxygenase Bleaches and strengthens dough

& glutaryl acylase

semisynthetic antibiotics

penicillin acylase

T-aminodeacetoxy-
cephalesporanic acid

cephalexin

Antibiatics

penicillin G acylase

penicillin G

G-aminopenicllanic acid

Intermediate for
semisynthetic antibiotics

Asparaginase Reduces the amount of acrylamide formed during baking ammonla-lyase fumnaric add + ammonia L-aspartic acid Intermediate for aspartame
thermolysin L-aspartic acid + aspartamea Artifidial sweetener
[, L-phenylalanine (after methylation)
dehalogenase (R, 5-2-chloropropionic acd (5+2-chloropropionic acid Intermediate for herbicdes
lipase (R, S)-glycidyl butyrate (S}-glycidyl butyrate Chemical intermediate
lipasa isosorbide diacatate sosorbide 2-acetate Pharmaceutical intermediate
lipase (R.S}-naproxen ethyl ester (Sknaprosen Drug
lipase racemic 2,3-epoxy-3- (2R.35}-2 3-epaxy-3- Pharmaceutical intermediate
(4-methoxyphenyl)propionic (4-methoxyphenyllpropionic
acid methyl ester acid methyl ester
acylase D L-valine + acetic acd L-valineg Pharmaceutical intermediate
acylase acetyl-0, L-mathionine L-methioning Pharmaceutical intermediate




Free Energy

Catalysis and Biocatalysis

Trasition
Catalvzed T State
atalyze: T
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Fig. 1.1 Mechanism of
catalysis. Ea and Eat are the

energies of activation of the
uncatalyzed and catalyzed
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ss change of the reaction
|

Products

Table 1.1 Advantages and Drawbacks of Enzymes as Catalysts

Advantages Drawbacks
High specificity High molecular complexity

High activity under moderate conditions
High turnover number

High production costs
Intrinsic fragility

Highly biodegradable

Generally considered as natural products

— r reaction. DG is the free energy

Enzymes as Catalysts.
Structure—Functionality Relationships

Every protein is conditioned by its amino acid sequence, called primary
structure, which is genetically determined by the deoxyribonucleotide
sequence in the structural gene that codes for it.

Synthesized polypeptide chain is transformed into a three-dimensional
structure, called native structure, which is the one endowed with
biological functionality.

Secondary three-dimensional structure is the result of interactions of
amino acid residues proximate in the primary structure, mainly by
hydrogen bonding of the amide groups; for the case of globular proteins,
like enzymes, these interactions dictate a predominantly ribbon-like
coiled configuration termed o-helix.

Tertiary three-dimensional structure is the result of interactions of amino
acid residues located apart in the primary structure that produce a
compact and twisted configuration in which the surface is rich in polar
amino acid residues, while the inner part is abundant in hydrophobic
amino acid residues. 26

Main types of interactions responsible

for the three-dimensional structure

Hydrogen bonds, resulting from the interaction of a proton
linked to an electronegative atom with another electronegative
atom. A hydrogen bond has ap- proximately one-tenth of the
energy stored in a covalent bond. It is the main determinant of
the helical secondary structure of globular proteins and it plays
a significant role in tertiary structure as well.

Apolar interactions, as a result of the mutual repulsion of the
hydrophobic amino acid residues by a polar solvent, like
water. It is a rather weak interaction that does not represent a
proper chemical bond (approximation between atoms exceed
the van der Waals radius); however, its contribution to the
stabilization of the three- dimensional structure of a protein is
quite significant.

27

Disulphide bridges, produced by oxidation of cysteine
residues. They are especially relevant in the stabilization of
the three-dimensional structure of low molecular weight
extracellular proteins.

lonic bonds between charged amino acid residues. They
contribute to the stabilization of the three-dimensional
structure of a protein, although to a lesser extent, because
the ionic strength of the surrounding medium is usually high
so that interaction is produced preferentially between amino
acid residues and ions in the medium.

Other weak type interactions, like van der Waals forces,
whose contribution to three-dimensional structure is not
considered significant.

28




Coenzyme mechanism

Fig. 1.3 Enzymes according 5 P
1o their cofactor or coenzyme 1y E @,

requirements. 1: no require- ~

ment: 2: cofactor requiring: 3:
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Concept and Determination of Enzyme Activity

Product Concentration

E * An example of a coupled system
S—P S S
considering coenzyme determination is the
ds dp assay for lactase (B-galactosidase; EC
TR 3.2.1.23). The enzyme catalyzes the

hydrolysis of lactose according to:
* Lactose + H20 - Glucose + Galactose

* Glucose produced can be coupled to a
classical enzymatic glucose kit, that is:
. hexoquinase (Hx) plus glucose 6 phosphate
dehydrogenase (G6PD), in which:

Glucose + ATP i, Glucose 6Pi + ADP

GoPD
Glucose 6Pi + NADP? ’ + 6PiGluconate + NADPH

Time

me emtalyzed reaction: product concentration versus lime of reac

30

Concept and Determination of Enzyme Activity

* It is based on the absorption of light of a
certain wavelength as described by the Beer—
Lambert law:

For instance, the reduced coenzyme NADH (or
NADPH) has a strong peak of absorbance at
Ay =ce-l-c 340 nm while the absorbance of the oxidized

coenzyme NAD+ (or NADP+) is negligible at

that wavelength; therefore, the activity of any
l enzyme producing or consuming NADH (or
NADPH) can be determined by measuring the
increase or decline of absorbance at 340 nm in
a spectrophotometer.

For instance, the activity of glutamate decarboxylase (EC 4.1.1.15), that
catalyzes the decarboxylation of glutamic acid to y-aminobutyric acid and
CO2, has been assayed in a differential respirometer by measuring the
increase in pressure caused by the formation of gaseous CO2

HPLC applied in enzyme assay

If both substrate and product absorb significantly
at a certain wavelength, coupling the detector to
an appropriate high performance liquid
chromatography (HPLC) column can solve this
interference by separating those peaks by
differential retardation of the analytes in the
column.

HPLC systems are increasingly common in
research laboratories, so this is a very convenient
and flexible way for assaying enzyme activities

32




Enzyme Unit Definition

*Enzyme activity is expressed in units of activity. The Enzyme
Commission of the International Union of Biochemistry
recommends to express it in international units (IU), defining 1 TU
as the amount of an enzyme that catalyzes the transformation
of 1 ymol of substrate per minute under standard conditions of
temperature, optimal pH, and optimal substrate concentration
(International Union of Biochemistry).

¢ Later on, in 1972, the Commission on Biochemical
Nomenclature recommended that, in order to adhere to SI units,
reaction rates should be expressed in moles per second and the
katal was proposed as the new unit of enzyme activity,
defining it as the catalytic activity that will raise the rate of
reaction by 1 mol/second in a specified assay system
(Anonymous 1979).
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Enzyme Production

Enzyme Sources

Production of Enzymes
Native Production
Recombinant Production
Enzyme Recovery
Enzyme Purification
Enzyme Formulation

34

Introduction of different kinds enzymes

» Nowadays, enzymes from plants and animals, mostly
proteases, are still in the market and some of them are
of commercial relevance.

» Catalase (EC 1.11.1.6) from liver (Yildiz et al. 2004),
lipase (EC 3.1.1.3), chymotrypsin (EC 3.4.21.1), and
trypsin (EC 3.4.21.4) from pancreas (Underkofler et
al. 1958) and rennin from calf abomasus are the most
relevant animal enzymes, widely used in the food and
leather industries (Oberg et al. 1992; Kosikowski and
Mistry 1997).

» Animal derived enzymes represent about 10% of the
total enzyme market. 3

Simple Fermentation Process

Fig. 2.1 Scheme for the production of enzymes. F: fermentation; S: solid-liquid separation; E:
cell extraction; C: concentration; Pi: operations of purification; D: drying; Fi: formulation; - - - - g»:
extracellular enzyme; —: intracellular enzyme; cell tissue or fluid - --- 9

36




Native enzymes production:

Lignocellulosic enzymes production from waste treatment

Cellulose

Hemicellulose

Lignin
Hemicellulases ¢

Co-culturing

=
Management

Mutagenesis g CBP

Heterols

leterologous gene expression 5- & B-carbon sugars L A

" 1 Residue to power
=4 3) Fermentation ] production
v

L=

4) Distillation & PENE.
evaporation

Electricity —
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Recombinant Production

i\

Antibiotic Resistance Gene

N

Origin

Transformation of Plasmid
into Bacterial Cell

Plasmid in cell expresses
antibiotic resistance gene

O
O 5 ®
Only cells that contain ') O OO
Compéars 1900 Jobw Wiley ared Gorm, b Al rghs resarved. the plasmid will be able

to grow/divide and form colenies. %

Enzyme Recovery

‘ Preparation of raw material

4

0

Fermentation

gi—h Removal of cells

Centrifugation for cell Separation

Refining Process

Liquid Form

-
2 v

Dry Powder Form

Granulated Form | | Fine Powder
(FBD) (Spray Drying)
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Enzyme Purification

Injection Adsorption Washing out Elute out
of sample of target impurities Of target
1 a8&09 2 3 4
=) i =]
) &)
Adsorption) washing Elution
= >~ =
a a
=] =)
! |2 Lo s0eg

H
o ANt D

Spacer  Ligand Target materials

Consideration:
Capacity, cost, purity
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Enzymes and Fermentation Technology

Enzyme Formulation

Remove the contamination
Lyophilization Green Fluorescent Protein (GFP
Storage as a reporter and its application
Liquid or solid form
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BACKGROUND BACKGROUND
* During the 20 century the foundations of * Neither the biochemical nor the genetics
biochemistry were laid and used to explore the basal . ) .
principles of the anabolic and catabolic pathways revolution provided the experimental tools
inside living cells. that would allow for quantitative and

* The 20t century also witnessed a revolution in our . . A
understanding of enzyme function and through experimentally well-defined monitoring.

crystallography and nuclear magnetic resonance (NMR), « At the beginning of the 215t century, we are

of protein structures revealed at atomic resolution. i i ) ;
* During the second half of this century, classical witnessing the rapid development of such

genetics and nucleic-acid chemistry merged into tools based on the green fluorescent protein

modern genomics based on whole-genome sequencing . . ; .
of an ever increasing number of organisms. (GFP) from the jellyfish Aequorea vicotria.




2008 Nobel Prize in Chemistry
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Osamu Shimomura Martin Chalfie Roger Y. Tsien LPR e Bl e
Born: 27 August 1928, Kyoto, Born: 15 January 1947, Born: 1 February 1952, New t %? ﬁ'%
Japan Chicago, IL, USA York, NY, USA
Affiliation at the time of the Affiliation at the time of Died: 24 August 2016,
award: Marine Biological the award: Columbia Eugene, OR, USA
Laboratory (MBL), Woods University, New York, NY, Affiliation at the time of the
Hole, MA, USA, Boston USA award: University of
University Medical School, California, San Diego, CA,
Massachusetts, MA, USA Prize motivation: "for the  USA, Howard Hughes
Prize motivation: "for the development of the Medical Institute
discovery of the green green fluorescent protein, Prize motivation: "for the -
fluorescent protein, GFP from GFP in ELISA technique” development GFP to many 5
Aequorea victoria" kinds of fluorescent protein” B
45
Nobel Lectures R.Y. Teien

= DOl 101002 fanie. 20090191 6
Green Fluorescent Protein /

Constructing and Expluiling the Fluorescent Protein
Paintbox (Nobel Lecture)**

Roger Y. Tsien*

Figure 4. Fluorescence from streaks of E. coli
bacteria expressing(clockwise from upper right)
improved blue, cyan, green, and yellow
fluorescent proteins. Each streak is labeled
with the mutation most responsible for its
spectral alteration.[25]

fluorescent proteins « in vivo imaging - mutagenesis « 490 nm

Nobel Lecture FF[ET 580 nm

raml,

Figure 6. Excitation and emission spectra of
wild-type (WT) GFP and several mutants of Ser
65.[25] The inset shows the structure of the
wild-type chromophore.

Regulalory

Regulatory

aritation or emisaian ampihitud

Figure 1. Schematic representation showing how cAMP-induced disso-
ciation of regulatory from catalytic subunits of protein kinase A (PKA)
can be reported by loss of FRET from fluorescein 1o rhodamine labels,
Picture: 5, Adams, Y, Buechles, 5, Taylor,

Prof. R. Y. Tsien
Howard Hughes Medical Ins1 s

Departments of Pharmacology and Chemlstry & Biochemistry
University of California, San Diego ‘Wavelength (nm)
9500 Gilman Drive, La Jolla, CA 92093-0647 (USA) 4
E-mail: rtsien@ucsd.edu
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Figure 7. Schematic
representations of genetically
encoded fluorescent indicators
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based on FRET from CFP to YFP, to
report

Figure 8. X-ray crystal structure of the S65T
mutant of GFP.[31] a Heli-ces and b strands are
shown as ribbons, connecting segments as
tubes, and the chromophore in ball-and-stick
representation. N and C termini are marked.
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Figure 11. Chromophore structure[52] of
DsRed, drawn on a petri dish using bacteria (E.
coli) expressing the protein and showing its
beautiful red fluorescence. Structure
determination by Larry Gross, drawn by Varda
Lev-Ram and Geoff Baird.

Figure 14. Two-photon imaging of
yellow cameleon 3.60[77] in brains of
transgenic mice, without or with
APP1/presenilin mutations to generate
plaques modeling Alzheimer’s disease.

= Bimedal distribution
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Figure 16. Frames chosen from a time-lapse video of HEK293 cells growing and
dividing in tissue culture while transfected with a two-color reporter (YFP and
mCherry) of cell-cycle progression. Green-fluorescing cells are actively undergoing
mitosis, whereas red-fluorescing cells arein interphase.[62] Video courtesy of
Asako Sawano and Atsushi Miyawaki, RIKEN.
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Figure 21. Key collaborators for the work
described in this lecture. The glowing

Figure 18. High school science classes California sunset shown in a petri dish on the
using fluorescent proteins as laboratory  left was drawn with multiple colors of bacteria
exercises as part of the BioBridge expressing fluorescent proteins.
program(biobridge.ucsd.edu).

[80] Bright far-red fluorescent protein for whole-body imaging”: D.Shcherbo, E. M. Merzlyak,
T. V. Chepurnykh, A. F. Fradkov, G. V. Ermakova, E. A. Solovieva, K. A. Lukyanov, E. A. Bog-
danova, A. G. Zaraisky, S. Lukyanov, D. M. Chudakov, Nat. Methods 2007, 4, 741 — 746. 52




PROPERTIES OF GFP

* The native GFP contains 238 amino acids with
residues 65-67 (Ser-Tyr-Gly) which is similar to

chromophore.

1

c w55 | s e =37 KIMol] nes [cA]
e e
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Relative Intans ity

Excitation and Emission Spectral Profiles

Wavelength (Nanometers)

STRUCTURE OF GFP

GFP is an 11 stranded beta barrel, threaded by an
alpha-helix, running up along the axis of the

cylinder.

The N-terminal residue and the C-terminal
residues 230-238, approximately corresponding
to the maximal numbers of residues than can be
removed from the N- (2 residues) and C- (6
residues) respectively of GFP at retained

fluorescene.

GFP FAMILY AND ITS MUTANTS

The scientific impact of GFP is it can use in
fluorescence correlation spectroscopy (FCS),
fluorescence recovery after photo-bleaching (FRAP),
photo-activation localization microscopy (PALM)....

cyan-gieen cluster

orange-red cluster

Spectrum and protein alignment
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From GFP to RFP derivation

The family of DsRed protein
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The spectroscopic and relevant
properties derived from DsRed

Source laboratory  Excitation®  Emission’

el P {referonces) {nm) {nm) B
P Tsien (5). 4
Red miherry? Tsien (4) 581 610 16 9%
afomated Tsion {4) 554 581 a5 o8
mStrawborry® Tsion (4) 574 596 26 15
J-Reat® FEvrogen 584 610 BE 13
DsRed-monomes”  Clontech 556 586 35 16
Orange miearige? Tawen (4) 548 562 4 9.0
mk0 MBL I, (10) 548 550 n 12
Yellow-green mCitring! Tsien [16.23) 516 520 59 19
Verus Miyawaki (1) 515 528 53 15 60 Weak dimed
YPeLd Daughedty (2) 517 530 80’ 49 56 Weak dimerd
EYFP Invitrogen (18) 514 521 5 80 6.9 Woak dimar
Groon Emeraicd Invitrogen (18) 487 509 9 0.69¢ 60 Weak dimer
EGFP Ciontoch’ 488 507 3 174 60 Wak dimerd
Cyan CyPut Dauglnaty (2) 435 L 18" 59 50 Wk dims!
P Taien (23) a3 475 13 (]

Piston (3)

HOW TO EXPRESS GFP
related protein in other organisms?

Find out the codon optimized GFP gene

2. Construction the expression vector for

different organisms. (include promotor, 5’-
UTR, 3’-UTR, homologous or non-
homologous genetic tool)

3. Transformation to the cell (usually use

electroporation! Or Gene gun in multi-
chromosomes)

SDS-PAGE Analysis s ore Ree
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Think more: How many cases related
on “enzymes” award the “Nobel prize”?
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Think more

— 1972 Nobel chemistry prize: 5. 2 #73% % - OB - %
# (Christian Boehmer Anfinsen > 1916% 3" 26

P —1995&5% 140 ) fodiiim-Bf &2 o kB &

10, Bri
s - AT PIBETIELPE > FR[AURARE B 2 R
W2 F’B‘ IR B3
—1993# - B2 ~ F F-{ B ET
o FI PR A FRARY R (PCR)

Think more
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* GFP exploration and application

Think more
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Think more
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Think more
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Exercise

* How to obtain a mutant of GFP?
— Hints:
* Start from a well-known protein
* Design your steps
* How to analysis the signal of GFP from
different cell?
— Hints:
* Make sure the excitation and emission wavelength.
* Consider the instrument you should use

Introduction of Lipase
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Hydrolysis of triglycerides
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OUTLINE

1.What’s lipase?

2.How to obtain lipase?

3.The mechanism of lipase and esterase
4. The application of lipase

Lipase introduction

Esterases (EC 3.1) are a subclass of enzymes that catalyze the
hydrolysis of esters to carboxylic acids and alcohols. Carboxylic ester
hydrolases (EC 3.1.1)

A subgroup of esterases to which lipases (triacylglycerol acyl-
hydrolases; EC 3.1.1.3) belong
(http://www.chem.gmul.ac.uk/iubmb/enzyme/).

The term lipase can be somewhat misleading since in a very broad
sense lipases are enzymes that hydrolyze lipids, which are amply
defined in physicochemical terms as fat-soluble molecules.

More strictly, lipases are considered as enzymes that catalyze the
hydrolysis of long chain fatty acids from acyl-glycerols, usually
performing at oil-water interfaces

Commercial lipase from Sigma

SIGMA-ALDRICH"

Product Comparison Guide
Lipase from Candida rugosa seroducs

Synonym

Do 80016241 EC Numd 2324199
Number: 3.1.1.3 { BRENDAT | wama )
Tibed MFCD00131509
Avallable Attributes
Usa the product Attributes below to configure the comparison table. (Select up to 3 total
[ oee e
| I i
L1784 Lipass from Candida rugosa, Type VIL 2700 unitmg sobd,
SKILLPack Size Avvaslabriity Price [USD) Cuanlity
LiTE4-50 Availabie 16 Ship on 20.09.18 - FROM 4780 IIl

LIT84-10G Available 10 ship on 20.09.18 - FROM 65.50 El

Commercial lipase from Novozyme®
Novo-435
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-
HO
o] o] ", o
- M ; Movozyme 435 A o C.H-
H, o + ACHOH 4 - HO—, . - e
a Microwave >
HO
b—0
"
Wegrtabie ofl Ethanol Glycaral Fatty acid ethyl esters

High selectivity, high solvent tolerance, thermostability and fast reaction




Research lipase from
Candida rugosa (CRL)

e i Available online at www.sciencedirect.com
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ELSEVIER Biotechnology Advances 24 (2006) 180196

www.clsevier. com/locate biotechady

Research review paper
Understanding Candida rugosa lipases: An overview

Pablo Dominguez de Maria. Jose M. Sanchez-Montero,
Jos¢é V. Sinisterra, Andrés R. Alcantara
Biotrangrmations Group, Omganic and Pharmacaitical Chemistry Departrent, Faculty of Pharmacy,
Complutense Uniwesity, Pao, Ramen v Cajal sin, E-28040, Madrid, Spain

Accepled 26 Sepember 2005
Available online 8 November 2005

Trans-esterification of triglycerides
by lipase

1. Selectivity (Enantioselective ratio, E)
2. Activity =» media engineering
3. Stability = immobilization
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Mechanism

* This mechanism of action can be traced back to some
particular structural features that will be described below.
The definition of lipases as hydrolases of long chain
acylglycerols is rather physiological, because lipases can
also hydrolyze carboxylic acids from a variety of
compounds of different chemical nature.

* More importantly, in low water activity systems lipases can
catalyze the reverse reactions of esterification from fatty
acids and glycerol (and other alcohols as well) inter-
esterification from two esters or from carboxylic acids and
glycerol (and other alcohols as well), and transesterification
from an ester and an alcohol. This intended definition of
lipases highlights their technological potential

Active site and mechanism

acyl enzyme  geqhal

"oxyanion” intermediate
Ser
—_— ( +| R'COH
OH
acid




Sources of lipases

 Lipases are widely distributed in nature, being
synthesized by plants, animals and microorganisms.
Lipases from microorganisms, mainly bacterial and
fungal, are the most used as biocatalysts in
biotechnological applications and organic chemistry.

 Fungal lipases from Candida rugosa, Candida
antarctica, Thermomyces lanuginosus and Rhizomucor
miehei and bacterial lipases from Burkholderia cepacia,
Pseudomonas alcaligenes, Pseudomonas mendocina
and Chromobac- terium viscosum are examples of
commercially available lipases widely used in
biotechnology.

Sources of lipases

* Only about 2% of the world’s microorganisms
have been tested as enzyme sources so they offer

a huge biodiversity as lipase sources (Hasan et al.
20006).

* Nowadays, 38 distinct bacterial sources of
common lipase producers have been referenced
(Gupta et al. 2004). In 1998, a search of available
data banks revealed 217 entries of lipolytic
enzymes from bacteria (Jaeger et al. 1999).

Example: Structure and docking of lipase

C-Terminal
Domain

Properties of lipases

lipases have a wide range of properties like positional
specificity, enantioselectivity, temperature tolerance and pH
dependence (Saxena et al. 2003). Screening and protein
engineering techniques are powerful tools for the selection of
the most adequate biocatalyst by searching or modulating their
catalytic properties (such as substrate specificity or selectivity).

The extracellular nature of most lipases and recombinant DNA
technology make possible to produce them in large quantities
by over-expression in an adequate microbial host. Many
microbial lipase genes have been cloned, including those of
important commercial lipases (Schmidt-Dannert 1999).

Other lipases from very different sources, like plants (Hong et al.
2000) and extremophilic microorganisms (Demirjian et al. 2001),
have been cloned and expressed in Escherichia coli.




Properties of different kinds lipase

Lipase production by Bacillus sp. A- 301 required a
complex medium that contained different divalent cations
such as Ca2+, Mg2+, Co2+, Cu2+, Fe2+, Mn2+, and Mo2+
(Wang et al. 1995). Sharma et al. (2002) observed
stimulation in lipase production from Bacillus sp. RSJ1in
presence of Ca2+, but inhibition by other metal ion salts.

Other fermentation parameters, such as temperature, pH,
agitation and aeration rate are important in microbial lipase
production. These parameters are strain dependent: bacteria
prefer neutral pHs and the optimum temperature for lipase
production corresponds with the growth temperature of the
respective organism, which is in the 2045 °C range,
although in some cases optimum temperatures outside that
range have been reported Sharma et al. (2002).

Lipase activity and assay

* Lipases may be defined as esterases catalyzing the
hydrolysis and synthesis of long-chain fatty acid esters
from glycerol. But, there is not a strict definition for
“long-chain fatty acid” and, furthermore, most lipases
hydrolyze ester substrates (Jaeger et al. 1999) with an
acyl chain length of less than 10 carbon atoms with tri-
butyrylglycerol (tributyrin) as the standard substrate.

* Lipases hydrolyze triglycerides giving rise to free fatty
acids and glycerol. Assays for lipase activity include a
wide range of techniques: spectrophotometry, fluorimetry,
titrimetry, turbidimetry, surface tension method and
estimation of free fatty acids by HPLC (Thompson et al.
1999)

Lipase family

Lipases have been classified into families. Search of different
available data banks (e.g. Swiss Protein Sequence Database)
revealed different results based on amino acid sequence
homology. Jaeger et al. (1999) identified 47 different bacterial
lipases and grouped them into six families.

Homologous serine hydrolases were assigned to 32
homologous families and 15 super-families by Pleiss et al.
(2000). Determination and comparison of specific activities
and substrates specificities of different lipases are absolutely
required to investigate lipase functions as well as to identify
their usefulness for biotechnological applications.

However, comparison of results is not always possible because
no standard substrates are used to determine specific lipase
activities or to distinguish lipases from esterases.

FEMS

MICROBIOLOGY
Reviews

ELSEVIER FEMS Microbiology Reviews 26 (3002) 7381

www fems-microbiology org

Microbial carboxyl esterases: classification, properties and
application in biocatalysis

*

Uwe T. Bornscheuer

Iustitute for Chemistry and B echmicn and Biotechnology, Greifrwald University, Soldwannsir. 16,
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NH,

Fig. 1. Schematic presentation of the a/B-hydrolase fold. B-Sheets (1-8) are shown as blue arrows, o-helices (A-F) as red columns. The relative posi
tions of the amino acids of the catalytic triad are indicated as orange circles.




Table 1
Differences between lipases and carboxy] esterases

Property Lipuse

Preferred substrates Triglycerides (long-chain). secondary aleohols
Interfacial activation/lid Yes

rate hydrophobicity High

Simple esters, triglyeerides (short-chain)

No
High to low

Enantioselctivity Usually high High to Ie
Solvent stabilily High High 1o low
Table 2

Comparison of various {recombinant) microbial carboxyl esterases

Origin® Biochemical properties Specific substrates®

B gladioli ATCCI0248 (EstB) 392 aa, 42 kDa
cephalosponins

B gladioli ATCCI0248 (EstC) 298 aa, 32 kDa pMP-csters (up o Cs), not
P. fluorescens DSMS0106 36 kDa, Ty 43°C f :
P. fluorescens SIKW1 27 kDa, homodimer

Poendomonis putida MRIDGE 20 kDa, homodimer, Ty Alkyl-dicarhoxylic
0
3 kDa, Top 70°C

Bacillus acidocaldarius
E~18)

B subrilis NRRL BS079 489 aa, 54 kDa, T,

(66.5°C Tor best mutant)

ses with opposite Linalool-acetate (£> 100)

eI

Rhodecocaus ruber DSM 43338 Two este
enantiops

pNP-esters, trighycerides (up to Cg), deacylates,

cerides

moderate E values for other alcohols and carboxy

acid methylesters, high stereosslectivity
ibest: hexanoate). moderate stereoselectivity
52°C  penitrobenzyl ester of Loracarbef
nantioselectivity

ctivity towards 2-arylpropionic acids
Xylose tetra acctate, cephalosporin C, MU-Acc®

Bacillus srearothermophilus - pNP-esters.,
B subrilis (Thail -8) © 32 kDa, 35-55°C High enantiosel
Thermoanaerobacterium sp. 320 aa, 36 kDa
w Y5485
Acinerobacter sp. ADPI 37 kDa PNP-esters (best: hexanoate), benzyl esters
Chostricium thernoce 31 kDa Feruloyl esters
Pyrococeus furioses DSM3638 T, 100°C, 1,5 50 min at  MU-Ace®
126°C
Lactococcus lactis® 258 aa, 30 kDa

pMNP-esters (best: hexanoate), tributyrin, Ce-phospholipids

rate enantioselectivity
tivity for c-phenyl ethanal,

acid

Carboxylic acids

) Q

=
OH

Carboxyl esterase NP,
{S)=Naproxen, high E, [20]

MeODC(CHz)n/LCODH

PPE, high E,
n=0or 1, [58]

Primary alcohols

G B

E=12,[62]

o
0. Me f
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Carboxyl esterase NP Carboxyl esterase NP, [57]

high E, [21,22]

COOH o]
O00H
>:Av oH ar

AGE, PFE-mutant, E=12, [53] PFE-mutant, E=90,
high E, [19] Henke and Bornscheuer  [61], Kazlauskas and
(unpublished) Bornscheuer (unpublished)

Secondary alcohels Tertiary alcohols

BGE, PFE,
E>100, [64] E>100, [49,50]

RRE, (S}- or (RMinalool,

H high E, [59]
o HO, oH
0~ [
[ o= /\
BCE, E >100
(3] SDE, BSE, PFE,

high E, (601 high E, [60]

Fig. 2. Selected examples of chiral compounds obtained

by carboxyl esterase-catalyzed kinetic resolutions. AGE, esterase from A. globiformis; BCE, es-

terase from Bacillus coagulans; BSE, esterase from Bacillus stearothermophilus; BGE, esterase from B gladioli; PAE, esterase from P. aeruginosa; PME,

ecterace fram Pooudamonns mareinain- PPE actarace fram Poudomonac nutide- RRE ecterace fram Rhodnrncruc ruber- SDVF acterace from Strontom.

Lipase based reaction: resolution
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This is one of the most important application of lipase!

Lipase vs esterase

(1) Lipase has property
of surface activation

(2) Lipase is more
complexes.

(3) Esterase always
used p-nitrophenyl
esters as substrates

Z

COuml. serum/min. (1) 5 oo
B B

7
0 4
Z 0
5
250 / 250
7
g soof Jst0
g
& 750} {70

Fig. 7. Histogram of the rates of hydrolysis of p-nitro-
phenyl esters by the sera of various species. Substrates:
@2, p-nitrophenyl acetate; [ll, propionate; [], butyrate.
* For convenience the rates of hydrolysis plotted for
ferret serum are one-half the rates actually determined.




Tips: directed evolution for improved
enzyme function

) == )
1) What'’s directed evolution? )
2) What'’s E value? ' a
3) How can you do that? E )
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Fig. 3. Mutants obtained by directed evolution and satumtion mutagen

vity in the resolution of 3-phenylbu
ues (Egp) determined in microtiter
plates using the corresponding (K- and (S)-resorufin ester [33): GC: &

ric acid ethylester [50)

Lipase assay

Method 1: Assay using olive oil as substrate

Esterase activity was performed with olive oil, which was
prepared as follows: the reaction mixture containing 5 mL of
olive oil, 2 mL of 0.1M phosphate buffer (pH 7.0) and 1 mL of
the enzymatic extract (10 mg.mL") was incubated at 37 °C for
30 minutes with orbital shaking. Immediately after incubation, the
system was disrupted by the addition of 15 mL of acetone-ethanol
mixture (1:1 v/v) and the liberated free fatty acids were titrated
with 0.05M NaOH. All assays were done independently and in
duplicate. One unit of esterase activity was defined as the amount
of enzyme which liberated 1 pmol of fatty acids per minute,

Esterase assay-2

Method 2: Assay using p-nitrophenyl butyrate (pNPB) as substrate

Esterase activity was determined spectrophotometrically
following the hydrolysis of p-nitrophenylbutyrate (pNPB)
at 405 nm. An aliquot (0.070 mL) of the enzyme suspension
(10 mg.mL™") was added to 3.43 mL of a reaction mixture with
the following composition: 1.12 mM pNPB dissolved in 50 mM
phosphate buffer, pH at 7.2, also containing 0.2% (N/P) Triton
X-100 and 0.43M tetrahydrofuran. The reaction was monitored
for 15 minutes against blank solution (CALADO et al,, 2002).
Allassays were carried out independently and in duplicate. One
unit of esterase activity was defined as the amount of esterase
required to release 1 pmol of p-nitrophenol in one minute,
under the specified conditions. pNPB was purchased from
Sigma-Aldrich Brasil (Sao Paulo, Brazil).

Michaelis Menten equation
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Michaelis Menten Plot

e * A kinetic model
established at the constant
—— amount of enzyme, the
velocity of the reaction is
determined at various
substrate concentration.

* Under zero-order
condition, velocity is
directly dependent on
[enzymes].

Initial Reastion Rats (V) §

Michaelis, L.,and Menten, M. (1913) Die kinetik der invertinwirkung, Biochemistry Zeitung 49,
333-369.

Briggs, G. E., and Haldane, J. B. (1925) A Note on the Kinetics of Enzyme Action, Biochem J 19,
338-339.

Van Slyke, D. D., and Cullen, G. E. (1914) The Mode of Action of Urease and of Enzymes in General,
J Biol Chem 19, 141-180.

Michaelis Menten Equation
at steady state:

E+S--ES5 E+P

ki [EIS] = K&, [ES] + &5[ES] ()

[Et] = [Ef] + [ES] (I1)
v, = k;[ES] (I11)
Vimax = k3 [Ef] (IV)

Lineweaver-Burk plot

Nencompetitive  Competitive
Inhibition Inhibition

Fate of reachon

Substrate concentration

Vmax [S]
Vo=

Km + [S]

Enzymatic inhibition

*E+IElorl+ES< IESorE+IS < EIS

E+5 =———®= F[§ =——® E4+P
+ +
I I
El +5® Esl

Reference book:

PAEVIEE R TAEER > PREGREIREE - ST B & WAt (1988)

Microbial Enzyme Engineering
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Enzyme used in Biofuel:
Cellulase system
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What'’s cellulase?

*Cellulase is an enzymatic complex composed usually by an
exo acting hydrolase (1,4 B-D-glucan cellobiohydrolase) an
endo acting hydrolase (1,4 f-D-glucan glucano hydrolase) and
a cellobiase (B-D-glucoside glucohydrolase, beta-glucosidase).

* These fractions act synergistically to breakdown the cellulose
fibers down to glucose. Cellulases have many and increasing
applications in the food, feed, detergent and textile industries
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How to use cellulase in biofuel?

» It is estimated that only lignocellulose derived ethanol can
meet this challenge, so considerable effort is now being spent to
overcome the technological limitations still prevailing (Wyman
1996; Sheehan and Himmel 1999). Among those, the
requirement of more active and more stable cellulases is
crucial.

* The goal is to reduce the cost of using cellulase enzymes by
front line technology with an expected reduction from about
USS 0.1 to about USS$ 0.015 per liter of bioethanol. This
requires significant increase in specific activity and production
efficiency. Optimized combinations of the different cellulase
fractions have been successfully and promising results have
been obtained in cellulase improvement by genetic and protein
engineering techniques.

Hemicellulase and Ligninases

*Enzymes have very relevant applications in the pulp
and paper industry now threatened by environmental
regulations.

*Hemicellulases are being currently used in wood pulp
bleaching to partially substitute chlorine-based bleaching
procedures that produce harmful chlorinated organic
compounds and an increasing market for this enzyme
has developed in the last decade.

*Ligninases have a great potential both in wood
bleaching and pulping; however, ligninases are quite
complex coenzyme requiring enzymes being this
complexity a major hurdle for its massive application.

Trichoderma reesei: Most powerful
fungus in degradation of cellulose

The cellulose biodegradation by cellulases produced by numerous microorganisms has
been widely employed for producing sustainable bio-based products and biofuels to replace
the depleting fossil fuels [6, 7]; however, currently the utilization of cellulosic biomass for
bioethanol faces significant technical and economic challenges. Its success largely depends
on the development of highly efficient and cost-effective biocatalysts for the conversion of
pretreated biomass to fermentable sugars. In the past several decades, many studies focus
on Hyprocreaceae (Trichoderma). a filamentous fungus present in nearly all soils and plant
roots and having the capability to secrete large amounts of cellulolytic enzymes [8-10].
Therefore, cellulases produced by fungi, especially by T. reesei, have been extensively
studied. In spite of the present success of such work, the task of finding new highly active

cellulases or efficient producers of cellulases from various fungi with intact lignocellulosic
enzymes secreting to the medium remains an active concern.




Key enzymes for 2"d generation of
biofuel: cellulases

O The celluloses are rigid and strong structure with two regions: amorphous and
crystalline.

O Cellulase system are including endo-glucanase, exo-glucanase and beta-glucosidase ,
which work together to degrade the cellulose to glucose absolutely.

Qu et al. Adv Biochem Engin Biotechnol (2012)

General process for 2" generation
biofuel: ethanol production

Pretreatment (need enzymes)
Hydrolysis (need enzymes)
Fermentation (need enzymes)
Distillation
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* Delivering the Most Efficient, Reliable and Cost-
effective Solutions for Cellulosic Biofuel
logen has one of the world's largest and most
experienced teams in developing, designing,
debugging, scaling-up and deploying cellulosic
biofuel technology.

* We're using innovative thinking and disciplined
engineering to transform cellulosic biofuels into
real, reliable and cost-effective fuels for today's
cars and trucks.

Cellulase production using biomass feed stock and its application
in lignocellulose saccharification for bio-ethanol production

Rajeev K. Sukumaran, Reeta Rani Singhania, Gincy Marina Mathew, Ashok Pandey”

Riorechnalogy Division, Narianal Insriture for Interdisciplinery Science and Technolegy (formerly Regional Ressarch Lobomtory ). CSIR. Trivandrum-695 019, India

Table 1
Testing of saccharification conditions for hydrolysis of sugar cane bagasse
Endoglucanase BGL activity (pNPG
Method Cellulase BGL loading (U/g) Incubation time (h) Reducing sugar activity (CMCase assay)
loading (FPU/g) yield g/L assay)
A 80 10 24 3.79 U/gDs Ufml U/gDS U/ml
B 50 5 a8 e 299.55 14.98 45 022
NA 4522 NA 172
13544 6.77 2139 284
NA 196.15 NA 83.62
Table 2
Comparison of the crude enzyme preparations from T. reesei RUT C30 and A. niger MTCC 7956
Fungus Type of enzyme preparation Total cellulase activity (Filter paper
assay)
FPU/gDS FPU/ml
Trichoderma reesei RUT C30 Crude cellulase (SSF extract) 228 114
Concentrated Cellulase (10x)* NA 13.65
Aspergillus niger MTCC 7956 Crude BGL (SSF extract) 4.55" (U/gDS) 0.22°U/ml)

Concentrated BGL (30x NA 024




From cellulase to ethanol

Table 4

Ethanol production from rice straw hydrolysate by Saccharomyces cerevisiae

Reducing sugar (RS) Duration of  Ethanol
concentration (g/L) incubation (h) concentration (g/g DS)

Ethanol yield Efficiency

(RS to ethanol) %

Reducing sugar and activity

samples Time ( hour )
0, 2, 4, 6, 8 10, 12, 24
vrRs $,6,0,6€ 900 O

Glucose

DNA sequences and expression in
Streptomyces lividans of an exoglucanase
gene and an endoglucanase gene from
Thermomonospora fusca.

E D Jung, G Lao, D Irwin, B K Barr, A Benjamin and D B Wilson

(g/L)

60 24 12.34 0.093 4033
120 24 25.56 0.096 41.76
12 p—a
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Fig 1. Time course of ethanol production by Saccharomyees cerevisioe MTCC 7956 from
alkali pretreated rice straw hydrolysate (6% initial reducing sugar concentration ).

-~ b Appl. Environ. Microbiol. 1993, 59(9):3032.
Lactose
Sucrose .}.}.}.n TABLE 3. CMC activities of E1 and E4 in E. coli and 8. vidans cultures
Assay duts
Eaxyme, strain, = [ erp— Culture activity
PR and plassmadis) Assay Time — (mol of CBiminfiter)
Activity: = . PR
El
. i E. coli pSHEL 10% extract m 20 0.763 130
A (OD) / slope of DNS calibration curve Supematant 100 1320 01M Lo
= mg/mL = sugar content 5. bvidans pSHEI Supematant 0 0 0.575 1920 = 190
E4
X E. coli
Unit = sugar content pSEA1 10% extract 100 1,320 0.263 0.20
* * i i psEr2 Dhoms B % oin ey
0.2/180*1000/time (min) Supermatant 100 1320 0.193 L5
PSEA-1A 10 extract 100 1320 0,143 11
Supematant 100 1320 o032 024
5 bvidans
PSEA-L Super m 960 0.440 29207
PSEA-2 Super b 560 0.395 206 =02
PSEA-1A Super m 960 03 16.4 = 0.6

* CB, celiobiose.
* Blased on CMC-specific sctivitics of 516 and 1.36 wmol of Climinimg for E1 and B4, respectively (21).

DNS assay: determine non-reducing sugar

This method tests for the presence of free carbonyl group (C=0), the
so-called reducing sugars. This involves the oxidation of the aldehyde
functional group present in, for example, glucose and the ketone
functional group in fructose. Simultaneously, 3,5-dinitrosalicylic acid
(DNS) is reduced to 3-amino,5-nitrosalicylic acid under alkaline
conditions:

oxidation
aldehyde group =~ ---------- > carboxyl group
reduction
3,5-dinitrosalicylic acid ---------- > 3-amino,5-nitrosalicylic acid

Different reducing sugars generally yield different color intensities; thus, it is
necessary to calibrate for each sugar. In addition to the oxidation of the carbonyl
groups in the sugar, other side reactions such as the decomposition of sugar also
competes for the availability of 3,5-dinitrosalicylic acid. As a consequence,
carboxymethyl cellulose can affect the calibration curve by enhancing the intensity
of the developed color.

—8— 1% Galibration cune
3 |~ Regrssioniine
—A— 2™ Calipration curve
o MRS
o Giucose
® Lactose
® Sucrose
o 24
2 2
o]
[=]
o
14
0 : ee o
0.0 0.5 1.0 15 20

DNS calibration curve

glucose concentration (g/L)

samples Time (hour)
0,2,4,6,8,10,12,24

ves  FIRRRTHT
cucose  FIFRRRNTY
e AL L
eese FEVRRNNE

sss00E

X G L S 11 12 13 14 16 18

*Dinitrosalicylic Acid Reagent Solution (1%) 1. Add 0.5 ml of DNS reagent to 0.5 ml of sample

Dinitrosalicylic acid: 10 g
Sodium sulfite: 0.5 g
Sodium hydroxide: 10 g
Add water to: 1 liter

2. Heat the mixture at 1002 C for 10 minutes to
develop the red-brown color.

3. After cooling to room temperature (or put on
ice), record the absorbance with a

*potassium sodium tartrate solution, 40% spectrophotometer at 550 nm.




Different assays

CMCase
FPase

Beta-glucosidase by p-nitro
compound

HPLC (the best approach)
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Lee Rybeck Lynd

Pioneer in Cellulase study

Dartmouth College, Thayer School of Engineering, Hanover, USA

Professor Lynd is an expert on the production of energy from plant biomass and
conducts leading research on microbial cellulose utilization.

The research lab at Dartmouth led by Professor Lee Lynd is active in research on the
following topics:

eMicrobial Cellulose Utilization, including fundamental and applied aspects
eMetabolic Engineering, focusing on thermophilic cellulolytic bacteria for fuel

production

eInnovative Biomass Processing Technologies, including development, design, and
evaluation

eSustainable Bioenergy Futures, including resource, environment, and economic
development

Application and Challenges

What’s the critical point in JE eI &=1i =l i\

this study?

Any new enzymes?
How to improve the
activity in the system?

What'’s SSF

(Spontaneously
saccharification
fermentation)?

Explore and direct
evolution

Synergism effect
Super host or in vitro

system

Application and Challenges

[1] How to improve the activity in the system?
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Technology used in Enzyme evolution

Diversification
Natural gene i
g — Gene library

)
—_—

M,
U(Q’/
Improved ) Protein
gene expression
= =
: 0% 0

Y S -
e ¢ O@ ®

Selected gene

Amplification . Selection

0

ncati 05

Protein library

Whole gene and site-directed random
mutagenesis for improved enzyme property

* Random mutagenesis
— Error-Prone PCR
— In vitro gene recombination: chimera
— UV mutation
— Optimal library design with high-throughput
screening
— DNA shuffling

Error-prone PCR

RS (1) Polymerase
o (3) A/T/G/C ratio

DNA shuffling

* DNA shuffling is a way to rapidly propagate
beneficial mutations in a directed evolution
experiment. It is used to rapidly increase DNA
library size, because it is a recombination
between different DNA species with different

mutations.




Procedure

* DNase is used to fragment a set of parent
genes into pieces of 50-100 bp in length.

* This is then followed by a polymerase chain
reaction (PCR) without primers- DNA
fragments with sufficient overlapping
homologous sequence will anneal to each
other and are then extended by DNA
polymerase.

Over extension by PCR

* Several rounds of this PCR extension are allowed
to occur, after some of the DNA molecules reach
the size of the parental genes.

* These genes can then be amplified with another
PCR, this time with the addition of primers that
are designed to complement the ends of the
strands.

* The primers may have additional sequences
added to their 5' ends, such as sequences for
restriction enzyme recognition sites needed for
ligation into a cloning vector.

To have a big library!
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Rational design
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Fig. 2. Wustrations of CBH Il chimera libr ary block buurldanes t—’!) H insolens CBH Il catalytic domain ribbon diagram with blocks distinguished by color, CBH
Il enzyme is complexed with cellobio-d hibitor {13). {B) Linear representation of H. insolens catalytic domain showing secondary
structure elements, disulfide bonds and block dmslons denoted by black arrows. (C) Sidechain contact map denoting contacts (side chain heavy atoms within
4.5A) that can be broken upon recombination. The majority of broken contacts ocour between consecutive blocks,




DNA shuffling pioneer:
Frances H. Arnold

GHEMICAL ENGINEERING

California Institute of Technology

Frances H. Arnold

Dick and Barbara Dickinson Professor of Chemical
E ing, B g .""‘.and Biock Y;

Director,
Bioengineering Center

B.S., Mechanical and Aerospace Engineering, Princeton
University, 1979; Ph.D., Chemical Engineering, University
of Califernia, Berkeley, 1985; Postdoctoral, UC Berkeley,
Chemistry, 1985; Postdoctoral, Caltech, Chemistry, 1986

Office Location: 228B Spalding

Available online at www.sciencedirect.com Current Opinion in

ScienceDirect Chemical Biology

ELSEVIER
Innovation by homologous recombination
Devin L Trudeau, Matthew A Smith and Frances H Arnold
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Enhance thermo-stability

Figure 3
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Current Opinion in Chamical Beslogy

of blocks. | et al. made & chimera library of class | calloblohydrolases (CBHI), with pannt
enzymes from T. Lo T. , H. jecorina, and A thermophiium. Recombination siles chosen by SCHEMA generated
e blocks shown in different colors on the T, emaersoni CBHI structure (left). Individual blocks make different contributions to tharmostability whan
introduced into T. emersond CEHI fright). Thermostabilizing blocks were combined to make hemostable chimeros.

Modified from Ref. [14].
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http://www.codexis.com/ ~ CoDEXIS

Founded in California in 2002, Codexis was established specifically to provide
unique enzyme optimization services and biocatalyst products for use in
industrial processes across the pharmaceutical sector and related markets.

Discover our full range of products, including screening kits, directed evolution
services and enzyme production platforms.

Total revenues of $46 million to $49 million, representing growth of 10% to 17% over 2015.
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2016 Tang Prize winner
CRISPR/Cas9 genome editing
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What'’s Tang Prize?
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What’s Tang Prize
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CRISPR/Cas9 discovery

 Emmanuelle Charpentier
Max Planck, Germany
* Jennifer Doudna

UC Berkeley, USA
http://rna.berkeley.edu/index.html

* Learn Feng Zhang in Broad Institute,
MIT, USA

http://zlab.mit.edu/index.html

133

2016 Tang Prize Laureate

Announcement onlJune 19, 2016, Taiwan 4

/,/ »
* Biopharmaceutical Science " £
aw:rd to mm
Dr. Emmanuelle Charpentier, | 1/"_3 _,
Dr. Jennifer A. Doudna and .
Dr. Feng Zhang ,:;\;\
* They develop the 1400 -
“CRISPR/Cas9” system which ,, w0 e

have high impacts on
biopharmaceutical platform
and gene therapy.
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A Important milestones towards gene therapy

- Fundamental
genetics

Genetic tools

| “Rules™ Information “Basics” Gene editing

1944 Mid 1970's
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CélSPR-CasQ technology: a two-component system

%

The enzyme Cas9 is programmed
with a dual or single guide RNA
to target and cleave specifically DNA
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CRISPR = Clustered regularly interspaced short palindromic repeats
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% CRISPR-Cas has evolved into six major types
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&‘ype Il CRISPR-Cas: model of crRNA maturation

~ processing event: unknown exo- or endonuclease

¥

l 5" end processing by unknown exo- or endoribonuclease I
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ZRISPR-Cas9: RNA-programmable DNA cleavage
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ICasQ programmed with dualRNAI [CasQ programmed with -QRNAI
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Eas9 and its guide RNA act like a molecular
% scalpel to cut DNA

RNA

Model: Jacob Corn; based on structure by Anders et al. (2014) Nature
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s9 dsDNA-bo
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;;. Conformational control of Cas9

V3
I SORNA $ Current challenges to therapeutic
— Animation by Aubri Thompson - ~ = -
applications of genome engineering
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Staahl et al., submitted

147

On-Target Activating
RNA On-Target RNA

Non-Target

RNA

148




» Laureate | eclures

DNA Binding Proteins

zinc finger protein

TALE

protein-mediated DNA recognition is difficult to manipulate

~

°

Can we functionally
reconstitute the Cas®
system bn Buman cella?

Profile specificity of Cas9?

Enginear improved
Lpeciticity 7

Determine atomic
structure ?

New enrymes?

Gene Integration?

Develop biological
applications

Control transcription/
epigenetios !

Genome. wide screening?

Generate transgenic
animals ?

Genome sditing in the
brain?

CarP-bared therapeutic
model

12. Provide protocols?
13 Share reagents?
14 Hold workshops 7
15, Computational tooks 7

16 Organise community?
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Non-coding element bashing result

S UTR w2 UTR
sg1 sg2
YY1
sg2

GCCGCCATCGCG bhuwis

YY1 motif score: 1.00

Sanjana®. Wright*, et al. Science in presa
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Bernd Zetsche

Jonathan Gootenberg

Omar Abudayyeh
Zetsche®, Gootenberg®, et al., Cell 2015

Enzyme (EC 2.3.1.37)
Aminolevulinic acid synthase (ALAS)

tracrRNA forms a duplex structure
— with crRNA in association with Cas8
First experimental evidence for Doticheva ot o
CHEJSPH .auaLI)Iwe Aty Type ||l CRISPR systems are
ok modular and can be
heterologously expressed

iy il Segantan * A key enzyme involves in C4
ik ot oathway

First report

of CRISPR Coined “CRISPR" Type I1F8 G First demonstration of * ALAS is corresponding to
clustered repeals | name dafined CRISPR complaxes Cas9 genome engineering
signature Cas genes cleave RNA in eukaryotic cells cell grOWth dut to the
regulation of hemB which is
&— 2 3 & o _m— S i
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What is 5-Aminolevulinic Acid (5-ALA)? Promising prodrug for photodynamic therapy

4 o )

H,N OH

[ fo-0C
_)
, (-

Photodynamic diagnosis

o Herbicide Insecticide

5-Aminolevulinic acid
(5-ALA)

Promoting factor for crops

* Production HO.C COH
2

) ) ) ) * Tolerance

* Non-proteinogenic amino acid .

> Salinity Protoporphyrin IX (PPIX)

Photosensitizer (PS)

@entlal intermediate in orgamb k 5 Coldness /

Liu et al.,, Appl. Microbiol. Biotechnol, 2014, 98.17, 7349-7357 157 158

5-ALA has been approved for clinical treatment 5-ALA has been approved for clinical treatment

Chemical

U.S. FOOD & DRUG

Product Description Manufacturer Price

7 a1 Forbiochemiswty ~ Millipore  ___________ _NTD3200500mg
; iy i % >97.0% (AT) Sigma-Aldrich NTD 7300/1 g
Aminolevulinic acid hYdl'OChklrlde, known as -"-““““-"-">-9-8-°/““"--"““““--"S-iér;;-Xk_l;i-c;--“““““"I\;”}]-)-;):t(-)(-)/-S-O-()-;r;é """"
ALA HCI (Gleolan, NX Development Corp.) as an e cooooomooosoSaooooe e LN
5-ALA-HCI BioReagent, suitable for cell Sigma-Aldrich NTD 3200/500 mg

optical imaging agent indicated in patients with

. culture, powder, >98%
liomas
g Pharmaceutical
Alacare 8 mg medicated plaster Gebro Pharma AG =
>-ALA ADDI’OV&' Timeline Ameluz 78 mg/g gel Biofrontera =
oS AlacarCa e oo
oo oy S {ourLevulan gGliolan Gliolan 30 mg/mL powder for IDT Biologika NTD 80000 according to
M o "ah M 3 cALChil oral solution charge standard of Chang
® © ©¢ © & © ¢ o 16k oo Gung Medical Foundation __
o ‘ . E Levulan kerastick 20% for topical solution DUSA Pharmaceuticals, Inc.  USD 412

P4 04 04 Joret 208
] Merting ]

[ 3 A =~
Phsiens P Maeeteg soprenat ol : Levia
aia 40 Taia L
sy {Ginsian]
) T

High value-added compound!

Hadjip is & St J. Neuro-Oncology, 2019, 141.3, 479-486. 159 160




Biosynthesis Pathway of 5-ALA

Glucose
1

i
Acetyl-CoA W

C5 pathway
'f o o-ketoglutarate Glutamate
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Selected gene at the beginning
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BIOTECHNOLOGICAL PRODUCTS AND PROCESS ENGINEERING

S-Aminolevulinate production with recombinant Escherichia
coli using a rare codon optimizer host strain

Weigi Fu - Jianping Lin - Pedlin Cen

Metabolic Engineering of Corynebacterium [io1icinoiooy

glutamicum for Efficient Production of BIOENGINEERING
5-Aminolevulinic Acid
ALA synthase (ALAS) Lil Ferng 5" Vs P> Fig Fy! 5 Ve Mo+ T Chen!
161 Nucming Lo, Chimen Wang' 162
RhtA: a non-specific ALA exporter One of the research
| Genes of interest | | RshemA > | rhtA > Genes of interest | | RshemA > | rhtA > | groES I groEL )
Camorts bnts avaslablo at SciencoDirect Non-native protein
Metabolic Engineering J’? Native protein T %
Engineering Escherichia coli for efficient production of 5-aminolevulinic acid
from glucose
Zhen Kmy Yang Wang*, longm G g '
Groks
RhtA
. . Heat shock protein (Hsp)
Threonine/homoserine exporter
GroESL (Hsp60/Hsp10)

An integral membrane protein was reported that it

was beneficial for efflux of ALA * Firstidentified due to its importance for lambda phage biogenesis.
i * Refold the proteins back to their native conformation.
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Pathway of production ALA from glucsoe

|Genes of interest | | RshemA >| rhtA >| groES I groEL )
Glucose ldhA
' l a > D-lactate
v

PEP ——> Pyruvate ——— > Acetate

| pia !

ppe| {pek Acetyl-CoA «<—H—> Acetyl-P

Oxalacetate @

Succinate Q
sucCD

Succinyl-CoA
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Integrative process to obtain higher ALA

|Genes of interest | | RshemA>| rhtA >| groES I groEL )

25000 mmmp KM

| Analytic method |

Plasmid-harboring Plasmid-free
producing chassis producing chassis

B
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Ehrlich’s reagent assay SDS-PAGE analysis HPLC analysis
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VOL 129 No. 4. 387-394, 2020 ELSEVIER

Quantification, regulation and production of 5-aminolevulinic acid by green
fluorescent protein in recombinant Escherichia coli

Shih-I. Tan, Shao-Chun You, I-Tai Shih, and 1-Son Ng*
Department of Chemicol Engineering, Netional Cheng Kung Universiry, Tainan 701, Todwan

Applied Biochemistry and Biotechnology
https:/doi.org/10.1007/512010-019-031789

®

Enhanced 5-Aminolevulinic Acid Production Check t;gr
by Co-expression of Codon-Optimized hemA Gene i
with Chaperone in Genetic Engineered Escherichia coli

Tzu-Hsuan Yu' - Ying-Chen Yi' - I-Tai Shih' « I-Son Ng' (&
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What are the concerns of
“cascade enzyme reaction”?

Retro-Metabolic pathway

Enzyme expression system

Optimization in synergism

Enzyme stability

Reactant solubility




OUTLINE

1. Activity and characterization
— Temperature, pH, Substrate...
2. Preparation and quantification
3. Physical purification
— Precipitation
— Ultra-filtration
— Dialysis
4. Chromatography
— lon exchange, size exclusion, affinity

Contents lists available at ScienceDirect
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Some important concepts for sample
preparation

A good sample preparation is the key to good result.

The protein composition of the cell lysate or tissue
must be reflected in the patterns of 2-DE.

Avoid protein contamination from environment.

Co-analytical modification (CAM) must be avoided.
(pre-purification sometimes leads to CAM)

Highly selective procedure for tissue analysis (Laser
capture micro dissection, LCM)

10.

Some important concepts for sample
preparation

Treatment of sample must be kept to a minimum
to avoid sample loss.

Keep sample as cold as possible.
Shorten processing time as short as possible.
Removal of salts

Minimized the unwanted processing, eg proteolytic
degradation, chemical modification.
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Frequently applied treatments

Cell washing

Cell disruption

Removal of contaminant
Microdialysis

Electrophretic desalting
Precipitation methods

For very hydrophobic protein

1. Cell washing

To remove contaminant material.
Frequent used buffer

— PBS: phosphate buffer saline, sodium chloride, 145 mM
(0.85%) in phosphate buffer, 150 mM pH7.2

—  Tris buffer sucrose (10mM Tris, 250 mM sucrose, pH 7.2)

Enough osmoticum to avoid cell lysis

2. Cell disruption

— Gentle lysis method

1. Osmotic lysis (cultured cells)
— Suspend cells in hypoosmotic solution.

2. Repeated freezing and thawing (bacteria)
— Freeze using liquid nitrogen

3. Detergent lysis (yeast and fungi)
— Lysis buffer (containing urea and detergent)
— SDS (have to be removed before IEF)

4. Enzymatic lysis (plant, bacteria, fungi)
— Lysomzyme (bacteria)
— Cellulose and pectinase (plant)
— Lyticase (yeast)

2. Cell disruption (continued)

— Vigorous lysis method
1. Sonication probe (cell suspension)
— Avoid overheat, cool on ice between burst.
2. French pressure (microorganism with cell wall)
— Cells are lysed by shear force.
3. Mortar and pestle (solid tissue, microorganism)
— Grind solid tissue to fine powder with liquid nitrogen.

4. Sample grinding kit (for small amount of sample)
— For precious sample.
5. Glass bead (cell suspension, microorganism)

— Using abrasive vortexed bead to break cell walls.




2. Cell disruption (continued)

Key variable for successful extraction from crude

material
1. The method of cell lysis
2. The control of pH
3. The control of temperature
4. Avoidance of proteolytic degradation

Aol A

3. Removal of contaminants

Major type of contaminants:

DNA/RNA
Lipids
polysaccharides
Solid material
Salt

DNA/RNA contaminant

DNA/RNA can be stained by silver staining.

They cause horizontal streaking at the acidic part of the

gel.
They precipitate with the proteins when sample
applying at basic end of |IEF gel

How to remove:
1. precipitation of proteins
2. DNase/RNase treatment
3. sonication (mechanical breakage)
4. DNA/RNA extraction method (phenol/chroloform)

Removal of other contaminants

Removal of lipids:
>2% detergent
Precipitation

Removal of polysaccharides:
Enzymatic procedure
Precipitation

Removal of solid material
Centrifugation

Removal of salts
Microdialysis
Precipitation




4. Microdialysis

Specially design for small
volume samples

Membrane cut-off is about
8000 Da

Drawbacks:

1. Time consuming (some
protease might be active
and digest proteins during
the dialysis)

2. Some proteins
precipitation after dialsis.

5. Electrophoretic desalting

— There are some case where the sample must

not be dialysed. (halobacteria lysate)

— Some proteins will gel if desalted. (Bovine

vitreous proteins)

Solution for above: low voltage (100V) for 5 hours
before IEF running. (A. Gorg, 1995)

6. Precipitation methods.

The reasons for applying protein precipitation
procedure:

1. Concentrate low concentrated protein samples.

Removal of several disturbing material at the
same time.

3. Inhibition of protease activity.

6. Five precipitation methods.

Ammonium sulfate precipitation
TCA precipitation

Acetone precipitation
TCA/Acetone precipitation

vk Wi E

Ammonium acetate/method following phenol
extraction




Ammonium sulfate precipitation

— Proteins tend to aggregate in high concentration
of salt (salting out)

*  Add Ammonium sulfate slowly into solution and
stir for 10-30 mins

* Harvest protein by centrifugation.

— Limitation
* Some proteins are soluble at high salt conc.
*  Ammonium sulfate seriously affect IEF.

TCA precipitation

Trichloroacetic acid is a very affective protein
precipitant.

* Add TCA to extract to final conc.10-20%.

* Add 10-20% TCA directly to tissue or cells.

* Harvest protein by centrifugation.

*  Wash access TCA by ethanol or acetone.
Limitation

* Sometimes the pellet is hard to redissolve.

* TCA must remove complete. (affecting IEF)

* Some degradation or modification of protein
occurs

Acetone precipitation

— The most common organic solvent used to precipitated
proteins, lipid and detergent remain in solution.
* Add at least 3 vol. of ice-cold acetone into extract.
e Stand on ice for at least 2 hours.
e Harvest protein by centrifugation.
e Remove access acetone by air drying.
— Limitation
*  Sometimes the pellet is hard to redissolve.
*  Some proteins would not precipitate.
¢ DNA/RNA and glycan also precipitate.

TCA/acetone precipitation

The method is more active than TCA or acetone alone.
Most commonly used in 2-DE.

*  Suspension samples in 10% TCA/Acetone with 0.07% 2-
mercaptoethanol or 20mM DTT.

*  Stand on -20C for at least 45mins.
*  Harvest protein by centrifugation.

*  Wash the pellet by acetone with0.07% 2-mercaptoethanol
or 20mM DTT.

*  Remove access acetone by air dry.

Limitation
*  Sometimes the pellet is hard to redissolve.
*  TCA must remove complete. (affecting IEF)
*  Some degradation or modification of protein occurs




Precipitation with ammonium acetate in
methanol following phenol extraction

— The method is more suitable for plant sample with high
level of interfering substance
Proteins are extracted into buffer saturated phenol.
Precipitated by ammonium acetate/methanol.
Harvest protein by centrifugation.

Wash with ammonium acetate/methanol followed by
acetone.

— Limitation
Complicated.
Time consuming.

7. For very hydrophobic proteins

Membrane proteins do not easily go into solution. A
lot of optimization work is required.

1. Thiourea procedure
2. SDS procedure
3. New zwitterionic detergent and sulfobetains

Thiourea procedure

7M urea + 2M thiourea (Rabilloud, 1998)
Pros: Increase spot number considerably.

Cons: Causing artifact spots.
Causing vertical streaking at acidic area.

SDS procedure

— For emergency case.

— Up to 2% SDS can be used.

— Have to dilute SDS samples at least 20 fold with
urea an a non or zwitterionic detergent
containing solutions.

— The major reasons for using SDS:

1. Formation of oligomers can be prevented
2. Dissolved tough cell walls samples (with boiling)
3. Dissolved very hydrophobic proteins




New zwitter-ionic detergent
and sulfo-betains

Three major types of detergent

1. Nonionic detergent
Triton x-100, Tween 20, Brij-35
2. lonic detergent
SDS, CTAB, Digitonin
3. Zwittergent
CHAPS, CHAPSO, Zwittergent 3-08, 3-10, 3-12...

Now, we are ready to dissolve protein samples
in |EF lysis buffer

Prepare
Sample

Run IEF

Equilibrate

l

——

Run SDS-
PAGE

2-DE are in denaturing condition

Three components must present in 2-DE denaturing condition
(namely, in IEF lysis buffer)

(9]
1. Urea (often >7M) |
- O
2. Reductant (DTT used most widely) H,N NH,
3. Non-ionic or zwitterionic detergent Urea
4. Dye
NH
R
Ca 3
HZN"/ “NH;

Guanidinium chloride

Why not using native condition?

1. Under native condition, a great part of proteins

exists in several conformations. This leads to
more complex 2-DE patterns.

2. Native protein complexes sometimes too big to

enter the gel.

3. Reduction of protein-protein interactions.
4. For match the theoretical pl and MW, all

proteins should not have 3D structure or
quanternary structure.




Composition of standard lysis buffer (for IEF)

0
9M urea HQN_B_NH2
4% CHAPS o

1 % DTT HSCH2(|3H CHCH,SH

|
OH

0.8% carrier ampholyte
0.02% bromophenol blue.

1.
2.
3.
4.
5,

P

CHAPS m.w. 614.9
CHAPSO m.w. 630.9

Functions of denaturant (Urea)

To convert proteins into single
conformation by canceling 2"9 and
3rd structure.

To keep hydrophobic proteins into
solution.

To avoid protein-protein interaction.

Thio urea: for very hydrophobic N
proteins only.

H,N

]
PN

Urea

-

3

NH,

Beware when using urea
The purity of urea is very critical

Isocyanate impurities and heating will cause
carbamylation of the proteins.

It does not seem to make a difference what
grade of urea is used because, urea + heat +
protein = carbamylation.

Carbamylation of proteins

Decomposition of Urea

0
[l heat
H,N-C-NH, g——* NH," + NCO-
and time
Trea Ammonium Cyanate

Carbamylation of Proteins

(atnino terminus of apeptide used as an example)

O

[l
HN=C=0 *+ ILN/ /Y — [IN.CNH/ /v
Tsocyanic Peptide Catbamylated Peptide or

Acid Amine Terminusg| Protein
{or side chain of Lys or Arg)




Results of Carbamylation

Residue RESTLE
Amino Acid " Monoisotopic Delta Mass
Composition
Mass

Lysine C¢H,,N,O 128.09496 0
Carbamyl
Lysine C,H,5N;0, 171.10078 43.00582
Carbamylation *NHCO 43.00582

*Note: A proton is lost from the amino group on the protein during
carbamylation and thus the change in composition is NHCO.

Functions of detergent (CHAPS)

To Combine all the advantages of polar, sulfobetaine-

containing detergents and hydrophobic, bile salt, anionic

detergents into a single molecule with superior
membrane protein solubilization properties

Non-denaturing
Able to disrupt nonspecific protein interactions
Less protein aggregation than non-ionic detergents
Electrically neutral

Easily removed by dialysis S

i i CHAPS m.w.E14.3
4 1 CHAPSO m.w. 630.9
P

1.

2.

3.

4.

Other detergents

Triton X-100

(not easily remove and interfering MS)

Nonidet NP-40

SB3-10
?
SDS o, —s-o
Q
CH,
CH,
|+
CHleCHZ(CHZ)BCH3

CH;

CBHWO (OCH,CH,)nOH

n~10

CH CH

3

3
| |
CHy —C—CH, CH, —C O (OCH, CH,KOH

CH,
x=9-10 (avg.)

CHy

Functions of reductant

To prevent different oxidation steps of proteins.

2-mercaptoethanol should not be used because its
buffering effect above pH 8.

Keratin contamination might from 2-mercaptoethanol.
DTT (dithiothreitol) or DTE (dithioerythritol) are used
widely.

DTT and DTE ionized above pH8. They move toward
anode during IEF in basic pH gradient.

It leads to horizonal streaking at basic area.
OH

OH

DIT
M.W.154.25

SH




Other reduction methods Function of carrier ampholyte

TBP (tributylphosphine): very They do not disturb IEF like buffer addition, because they
unstable. )) become uncharged when migrating to their pl.
AN
An alternative way to adequate and H\ 1. To generate pH gradients
reproducible 2-DE patterns in basic
area:

2. To substituting ionic buffer

1. Addition of higher amount of DTT to the . - .
d 3. To improve the solubility of protein

gel
2. Addition of more DTT to a cathodal
paper strip. 4. Dedicated pH intervals, prepared for the addition to
immobilized pH gradients, are called IPG buffer.
Function of dyes Other considerations
To visualize the sample solution P Protease inhibitors

To monitor the 2-DE running condition.

1. Some proteases are also active in presence of urea and
detergent.

— 2. PMSF is frequently used (8mM), toxic and short half-life.

— 3. Pefabloc (AEBSF) can also be used but modified proteins.

— 4. NO complete insurance against protease activity

— 5. Boiling sample in SDS buffer for a few seconds can inactive
protease.

— 6. Precipitate proteins with TCA/acetone at -20C might
inactivation protease activity.

Bromophenol blue is interchangeable with Orange G.




Frotease inhibitor

Effective against:

Limitations

PMSF

[Phenyimathylsulforyl flucrida)
Meost commonly used Inhibitor.
Lise at concentabons up o 1 mkd

FMSF Is an Irreversi ble
Inhibitor that Inactivates:

= sarine proteases

+ some cystelne proteaseas

PMEF rapidly becomes Inactive In aqueous
solutions: Prepara just prior to usa.

PMEF may be less effective In the prasence of
thiol reagents such a= OTT or 2-mercapto-
ethanal. This imttation can be overcome by
disrupting the sample into PMSF-contalning
solution lacking thiol reagants. Thial reagents
can be added at a later staga.

PMEF Is wery toxlc.

AEBSF

[Aminocethyl benzylsulfonyl fluoride
or Pefabloc 5C Sarine Protease
Inhibitar)

Lisg at concentabons up fod mbd.

AEBSF Esimilar to PMSF In
t= Inhibitory activity, but Is
more soluble and less toxic.

AEBEF-Induced maodifications can
potantlially attar tha pl of a protein.

1 mM EDTA or 1 mM EGTA
Geneally used at 1 mdd

Thase compounds inhibit
metallbproteases by chelating
free metal lons required for
activity.

Peptide protease inhibitors

(eg. leupeptin, pepstating apratinin,

bastating

= ravearsible Inhibitors

= activa In the presence of OTT

= activa at low concentrations undar
a varlety of conditiors

Leupaptin Inhibits many serine
and cystalne protaases.
Pepstatin Inhibits aspartyl
proteases {a.g. acidic
proteases such as pepsinl
Aprotinin Inhibits many

Peptide proteasa inhibitors ara:

* cEpansive.

= small paptides and thus may appearan
the 2-0r map, depending on the size rangs
saparated by the sacond-dimension gel.

Pepstatin does not Inhibit any proteases that

Lise at 2-20 pg'mil. sarina protaases. are actiwva at pH S.
Eestatin inhibits
aminopaptidases.

TLCK, TPCK

[Tosyl Iysine chloromeathyl ketone,
bosyl phanylalanine chloramethyl
ketonal

Lisg at (0. 1-0.5 mld.

Thase similar com pou nds
Irreversibly Inhibit many sarine
and cystelne proteasas.

Benzamidine
Lisg at 1-FmM.

EBenzamidine inhibits
sarina plOtQ:ISQS.

Other considerations

¢ Alkaline condition

Tris base (40mM) or spermidine (25mM) sometimes add to lysis buffer to
maximize protein extraction.

—  Pros:
1. They can also precipitate DNA/RNA.
2. They keep protease activity low.

— Cons:
1. Precipitation of basic protein.
2. lonic contamination is to high.

Before running IEF,

you should...

B Measure the protein conc. in your samples.

—  Widely used protein assay methods

Biuret

ok wd =

Lowry methods.

Bradford methods.

UV methods.

Special methods

Other commercial methods.

1. BCAassay (bicinchoninic acid assay, Pierce)
2. DC protein assay (detergent compatible, Bio-rad)
3. DC/RC protein assay (detergent/reducing agent compatible,

Bio-rad)

1. Biuret method

—  Principle: The reactivity of the peptide bonds with the copper [ll]
ions under alkaline conditions to form purple biuret complex.

— Interfering substance: Ammonium sulfate, Tris, etc.

—  Sensitivity: >mg

A white, crystalline, nitrogenous substance,
C202N3HS5, formed by heating urea. It is
intermediate between urea and cyanuric acid.




2. Lowry method

Principle: The reactivity of the peptide nitrogen[s] with the
copper [ll] ions under alkaline conditions and the subsequent
reduction of the Folin-Ciocalteay
phosphomolybdicphosphotungstic acid to
heteropolymolybdenum blue by the copper-catalyzed oxidation
of aromatic acids (Try, Try).

Interfering substance: amino acid derivatives, certain buffers,
drugs, lipids, sugars, salts, nucleic acids, ammonium ions,
zwitterionic buffers, nonionic buffers and thiol compounds.

Sensitivity: > 0.1 mg

3. Bradford method

Principle: The assay is based on the observation that the
absorbance maximum for an acidic solution of Coomassie
Brilliant Blue G-250 shifts from 465 nm to 595 nm when binding
to protein occurs. The Coomassie® dye binds primarily with
basic and aromatic side chains. The interaction with arginine is
very strong and less strong with histidine, lysine, tyrosine,
tryptophan, and phenylalanine. About 1.5 to 3 molecules of dye
bind per positive charge on the protein.

Interfering substance: amino acid derivatives, certain buffers,
drugs, lipids, sugars, salts, nucleic acids, ammonium ions,
zwitterionic buffers, nonionic buffers and thiol compounds.

Sensitivity: >10 -100 ug

4. UV methods

Principle: The aromatic groups (Phe, Tyr, Trp) and the peptide
bonds have maximum UV absorbance around 280nm and
200nm. 280nm was used most frequently.

Interfering substance: anything containing

Sensitivity: >mg

5. Special methods

Principle: Some proteins contain functional groups, eg: Heme in
peroidase, hemoglobin and transferrin can be detected at
403nm, Cd2+ in some phytochelatins.

Interfering substance: similar functional groups.

Sensitivity: various




6. Commercial methods

A. BCA assay (bicinchoninic acid assay, Pierce)

This process is a two-step reaction.
Protein + Cu?** + OH- —— Cu!*

Cu'* +2 BCA —— Cu'*/BCA chromophore (562 nm).
B. DC protein assay (detergent compatible, Bio-rad)

C. DC/RC protein assay (detergent/reducing agent
compatible, Bio-rad)

Physical properties of protein or enzyme

Molecular weight
pl (isoelectric point)
Hydrophobicity
Disulfide bond

Quantification

/1| Coomassie ,,_
Blue G

H IH,
PR3 urea

R
Biuret Methodﬂ
o (carbonyl)

te

Lowry Method

Adapted from Juang in NTU

Purification: chromatography

lon exchange

— Anion

— Cation

— pH effect

— Salt effect

Affinity (His-trap and other tag)
— Genetic engineering

— Buffer conc.

— Ultrafiltration

Size exclusion (desalting)

— Ultrafiltration

Hydrophobicity interaction (HIC)




lon exchange introduction
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* Resin property
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* Mobile phase
— pH and salt effect
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lon exchange purification

Selectivity
pH of mobile phase

sample _y gradient
application elution

high salt wash
1M
tightly bound

/ molecules

elute in high
salt wash

equilibration —=| ————» wash —» re-equilibration

unbound molecules elute
before gradient begins

[NaCl]

Surface net charge

Column volumes [cv]

21X gradient elution.

A an [aan
Gradient elution 7 1 1 v
pH effect

For example: desalting

Az (mS/cm)

10.0
protein salt
0.101

1 5.0
0.054

0.00
0.0 L0 2.0 Time (min)

Fig 7. Buffer exchange of mouse plasma (10 ml) on HiPrep™ 26/10 Desalting.

A za00m

System: AKTAexplorer 00 F150
Sample: Fab fraction from STREAMLINE SP, 2 mi
Columns: HiTrap HIC Selection Kit (1 ml columns):

HiTrap Phenyl HP 300

HiTrap Phenyl FF (low sub)
HiTrap Phenyl FF (high sub)
HiTrap Butyl FF
HiTrap Octyl FF 200
Binding buffer: 1 ml (NH,);50,, 50 mM NaAc, pH 5.0
Elution buffer: 50 mM NaAc, pH 5.0
Gradient: 20 column volumes from 0-100% elution buffer /Y, Hirap Phenyl FF (high sub)
Flow rate: 2 mlfmin (300 cm/h) 1004

Time {min)

Fig. 32. HIC media scouting using HiTrap HIC Selection Kir.
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Fig. 45. Step clution.

Stepwise process

v
tightly bound
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Typical affinity purification

adsorption of wash elute
equilibration— S3Mpleand __ away _ o poing — . re-squilibration
elution of unbound protein(s)
bound material terial

Absarbance

Column Volumes (cv)

Fig. 40. Typical affinity purification.
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Introduction of proteome
and proteomics approach

227

Central dogma

Proteomics and the Proteome

DNA

Central Dogma in macroscopic

Genome

¥ 5 8%

Transoriptome  RNA

¢ :
Proteome

a. Interactome l

100 ]@m@ Function




Between Genome and Proteomes

1 Genome - > Nl Proteomes

House-keeping
------- - Proteins

Basic

functions _ 1
S

Y.
. ] Post-translational
Cell-specific functions modifications

Not- T

expressed ExXpiessediiay — —ir > CG//—SPECfﬁC
Proteins

Dynamic change by
time, cell type and stimulation

Historical review for proteomics

Protein chemistry & enzymology

Gene bank / H

luman \
Protein database| ' project J /

Klause Biemann — g N
Mass spectromeler Marc Wilkins: ( Mlcroarray
Amino acid analysis “Proteomics’ ——
L I
1958 > 1981 > 1987 > 1990 > 2000 —>
I I

lonization technology MALDI + MALDI-TOF

Fast atom bombardment (FAB) | | ESI - » ESI-MS/MS

Peptide sequence analysis Biomolecule analysis | Protein 2-DE analysis

Francis William Aston computer science

Invented mass spectrograph )
Cavendish Laboratory (1919) (Swiss-Prot, PC/GENE, GCG, NCBI, etc.)

Cambridge University, England

Adapted from Liebler (2002) Introduction to Proteomics, Forewor

Comparison between traditional

protein analysis and proteomics
Is proteomics just what we used to call profein chemistry

Protein chemistry Proteomics
Individual proteins Complex mixtures
Complete sequence analysis Partial sequence analysis

Emphasis on structure and function  On identification from database

Structural biology Systems biology

Fixed protein target Dynamic proteomic targets

Traditional technology High-through put technology
BEES Rz BEEE TEE 2 B UHRLF

Genomics and proteomics have
challenged biologists to think ﬁ@

Quick identification of an unknown protein 20

O e CON
=
,//’ ‘-‘93

Sample 2-D electrophoresis Pure protein Proteolytic fragments
Capillary

Electrophoresis,
l MALDI-TOF HPLC

Mass spectrum

|
I I\|| |
g 1 \‘ | LA
1K b

w\
LC-MS/MS I |‘,\\ |\\ |‘
g, Est-ms) K
Amino acid sequencing l
— OO COC® <«

Adapted from Juangin NTU




Two dimensional electrophoresis

* Only “Proteomics” is the large-scale screening of the proteins
of a cell, organism or biological fluid, a process which requires
stringently controlled steps of sample preparation, 2-D
electrophoresis, image detection and analysis, spot
identification, and database searches.

* The core technology of proteomics is 2-DE

* At present, there is no other technique that is capable of
simultaneously resolving thousands of proteins in one
separation procedure. (sited in 2000)

Evolution of 2-DE methodology

Traditional IEF procedure:

* |EFin runin thin polyacrylamide gel rods in glass or plastic
tubes.

* Gel rods containing: 1. urea, 2. detergent, 3. reductant, and 4.
carrier ampholytes (form pH gradient).

* Problem: 1. tedious. 2. not reproducible.

In the past

Evolution of 2-DE methodology
SDS-PAGE Gel size:

* This “O’Farrell” techniques has been used for 20 years
without major modification.

* 20x 20 cm have become a standard for 2-DE.
* Assumption: 100 bands can be resolved by 20 cm long 1-DE.

* Therefore, 20 x 20 cm gel can resolved 100 x 100 = 10,000
proteins, in theory.

Evolution of 2-DE methodology

Problems with traditional 15t dimension IEF

*  Works well for native protein, not good for denaturing

proteins, because:

OPERATOR DEPENDENT

Techniques are cumbersome. (the soft, thin, long gel rods needs
excellent experiment technique)

Takes longer time to run.

3. Batch to batch variation of carrier ampholytes.
Patterns are not reproducible enough.
5.  Lost of most basic proteins and some acidic protein.




Evolution of 2-DE methodology

Resolution for IEF: Immobilized pH gradients.

. Developed by Bjellqvist (1982, Biochem. Biophys Methods, vol 6, p317)

. PH gradient are prepared by co-polymerizing acrylamide
monomers with acrylamide derivatives containing carboxylic
and tertiary amino groups.

1. The pH gradient is fixed, not affected by sample composition.
Reproducible data are presented.

3. Modified by Angelika Gorg by using thin film to support the thin
polyacrylamide IEF gel, named Strips. (1988, Electrophoresis, vol 9, p 531)

ll. Immobilized pH gradient, IPG

First developed by Righetti ,(1990).

Immobilized pH gradient generated by buffering
acrylamide derivatives (Immobilines)

Immobilines are weak acid or weak base.
General structure

—CH2=CN—(I2—N— —CH2=CN—(I2—1I\I—H
O H O H
R = amino or carboxylic groups Acrylamide

Schematic drawing of a IPG

Run 2-DE, a quick overview

Prepare A
Sample

Run IEF

tHED

MW

EUEETTII ‘ : i
Equilibrate .

— - o

Run SDS-
PAGE

]

v

p/




Run 2-DE, step by step

1. Prepare the sample

Samples are denatured and fully
solubilized for optimal separation.

Run 2-DE step by step

2. Run the first dimension — IEF

In the first dimension, proteins separate by isoelectric point (pl) in
the immobilized pH gradient (IPG) of the Inmmohiline DryStrip gel.

A Apply the sampie fo the IPG -—-.._________‘
i wither in a defined zone or

distributed throughout the
eniire strip.

B. Appiy the efeciric el
The charged proteins migrale
within the pH gradient.

C. When the proteins reach the
pH in the gradiert equal te their
ois. their net change drops fo
Zewa and ey focus as distingt
zones. Bocause the pH gradient
in the strip is immobilized. mo
further migration can oceur.

Run 2-DE step by step

3. Run the second dimension — SDS-PAGE

In the second dimension, proteins separate according o their
molecular size in a homogeneous or gradient SDS-PAGE gel.

B. Place the sirp ar the oo or

/ cathodic (—) end of the gel.

e
t

Run 2-DE step by step

-

Visualize and analyze

Detect separated proteins by autoradiography.
staining, or immunodetection after blotting
onto a membrane. An array of powerful tools
and techniques is available to compare
samples and identify proteins of interest;

* Image onalysis soltwore to determ ine spet posiiien
and abuncbnce, compare gel inages, create dabhoses,
ol seaech For pottorns,

* Muss spectrometry (o determine masses with high
F‘!hlm. P-Fﬂ ﬁ*nn! ﬂ-‘oq!hh.. am s neled
sequerces, amnd nature and ske of post-translational
modifications.




Todays 2-DE Challenges for 2-DE

* Only high-resolution 2-DE with both dimensions run 1. Spot number:

under denaturing conditions is used.
—10,000-150,000 gene products in a cell.

* Native 2-DE plays no big role. —PTM makes it difficult to predict real number.
* Goal: to separate and display all gene products —Sensitivity and dynamic range of 2-DE must be adquete.
present.

—It’s imposssible to display all proteins in one singel gels.

Challenges for 2-DE Challenges for 2-DE

2. Isoelectric point spectrum: 3. molecular weights:

—pl of proteins: range from pH 3-13. (by in vitro translated

ORF) —Small proteins or peptides can be analyzed by modifying

the gel and buffer condition of SDS-PAGE.

—PTM would not alter the pl outside this range. ]
— Protein > 250 kDa do not enter 2" SDS-PAGE properly.

— pH gradient from 3-13 dose not exist.
—1-DE (SDS-PAGE) can be run in a lane at the side of 2-DE.

— For proteins which pl > 11.5, they need to be handed
separately.




Challenges for 2-DE Challenges for 2-DE

4. hydrophobic proteins: 5. Sensitivity of detection:
—Some very hydrophobic proteins do not go in — Low copy number proteins are very difficult to
solution. detect, even employing most sensitive staining
methods.

—Some hydrophobic proteins are lost during sample
preparation and IEF. — Sensitivity of staining methods:

1. Silver staining

2. Fluorescent staining

—More chemical developments are required.
3. Dye binding staining (CBR)

Challenges for 2-DE Challenges for 2-DE

6. Loading capacity: o'y = ‘ 7. Quantitation:
@

For detection of low abundant proteins, more
sample needs to be loaded.

A wide dynamic range of the SDS-PAGE is
required to prevent merging of highly abundant
protein.

Loading capacity: IEF > SDS-PAGE.

The detection method must give reliable
guantitative information.

Silver staining does not give reliable quantitative
data.




Challenges for 2-DE

8. Reproducibility:

— Highest importance in 2-DE experiment.

— Immobilized pH gradient strip have improved a

lot for 1%t dimension consistency

— Variation most comes from sample preparation.

A good-looking spot pattern :
streak and smear free
is not a guarantee for best 2-DE protocol.

10.

Some important concepts for sample
preparation

Treatment of sample must be kept to a minimum
to avoid sample loss.

Keep sample as cold as possible.
Shorten processing time as short as possible.
Removal of salts

Minimized the unwanted processing, eg proteolytic
degradation, chemical modification.

Example, Acetone precipitation

With Acetone precipitation

Crude extract by lysis buffer




Example: thiourea procedure

G
% 969 spots L= spots Lysis buffer, 8M urea Lysis buffer, 7M urea+ 2M thiourea
Mascot results Search NCBI for the hypothetical proteins of
Mascot results “Tepidimonas taiwanensis metal binding”.
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65aa 99aa

The partial sequences of the proteins (65aa and 99aa)
correspond with both Mascot non-hint data.

WP_058616432 (65 aa)
wvitvdgm scghevkait gavijaldpqa qvrvdlderr vevesdrsrv aladairdeg ytvrd
gm 9 pPqaq 23

WP 052231443 (99 aa)
mrltpehval ikqvvaeqag tdaqvwlfgs raddtarggd vdllvqlprp iddpapcaar

lagrisramq grlsi.he ealrsgvll

The corresponding sequences of Approach A were shown in yellow highlight and box.
Approach B were shown in color words.

Q&A

What'’s the importance of enzyme purity?
When will you used enzyme?

Where can you obtain the enzyme?

Who is the pioneer in enzyme study?

How to use the proteomics and proteome?

In vivo and in vitro are two central concepts of
biologists approach. What’ your opinion and
recognition to both approaches?

How to establish the new technology for
enzymatic analysis?




