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PCR : Polymerase Chain Reaction

30 - 40 cycles of 3 steps :
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Sticky ends
Cut here
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3-Galactosidase

The enzyme that splits lactose into glucose and galactose. Coded
by a gene (lacZ) in the lac operon of Escherichia coli.

OH - . OM

OH OH

PUC is a family of plasmids that have an ampicillin resistance gene and
more importantly a lacZ gene. A functional lacZ gene will produce the
protein B - galactosidase. Bacterial colonies in which B - galactosidase is
produced, will form blue colonies in the presence of the substrate 5 -
bromo - 4 - chloro - 3 - indolyl - b - D - galactoside or as it is more
commonly referred to, X-gal.


http://www.everythingbio.com/glos/definition.php?ID=1605
http://www.everythingbio.com/glos/definition.php?ID=4147
http://www.everythingbio.com/glos/definition.php?ID=1602
http://en.wikipedia.org/wiki/Image:Lactose(lac).png
http://en.wikipedia.org/wiki/Image:Lactose(lac).png
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\‘ CH,OH
O”ll_ ~O oH Analytical Biochemistry 285, 1-15 (2000)
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FIG. 1. Enzymatic function of B-galactosidase in cleaving indicator substrates. g-gal cleaves 3-D-galactoside contalning substrates with a
diverse range of aglycone groups, targeting between the glycosyl oxygen and anomeric carbon as indicated (scissors). Substrates shown
indicate commonly used indicators for assays on g-gal function on plates (X-Gal) or for liquid assay by measure of fluorescence (MU-Gal or
MUG) or color (ONPG). Top left, X-Gal is 5-bromo-4-chloro-3-indolyl-B-D-galactoside, and when cleaved and oxidized produces the insoluble
dye 5-bromo-4-chloro-indigo, as described previously (22). Right panel, top, yeast colonies expressing g-gal and exposed to X-Gal (right half)
or the closely related compound Magenta-Gal (left half, see Blosynth, Inc., or Diagnostic Chemicals Limited). Middle left, MUG is
methylumbelliferyl-g-D-galactoside, and when cleaved by B-gal produces the fluorescent product methylumbelliferone (first described in
(102)). Right panel, middle, shows yeast lysates expressing p-gal exposed to MUG, under long-wave UV. Bottom left, PNPG and ONPG are
closely related nitrophenol-B-D-galactosides with similar assay properties, e.g., (103), whose cleavage releases the yellow product nitrophenol
{right panel, bottom); PNPG is shown.



Green Fluorescent Protein (GFP)

The green fluorescent protein
(GFP) is a protein from the jellyfish
Aequorea victoria that fluoresces

green when exposed to blue light.
With GFP As Tracer

{atne For

Stop Code
For Protein



http://en.wikipedia.org/wiki/Aequorea_victoria
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L uciferase

luciferin

luciferase

Luciferase is a generic name for enzymes commonly used in nature for
bioluminescence. The name itself is derived from Lucifer, which means light-
bearer. The most famous one is firefly luciferase from the firefly Photinus
pyralis. In luminescent reactions, light is produced by the oxidation of a
luciferin (a pigment), sometimes involving Adenosine triphosphate (ATP). The
rates of this reaction between luciferin and oxygen are extremely slow until
they are catalyzed by luciferase, often mediated by the presence of calcium
ilons (an analog of muscle contraction). The reaction takes place in two steps:
luciferin + ATP — luciferyl adenylate + PPi
luciferyl adenylate + O2 — oxyluciferin + AMP + light


http://en.wikipedia.org/wiki/Luciferin
http://en.wikipedia.org/wiki/Adenosine_triphosphate
http://en.wikipedia.org/wiki/Pyrophosphate
http://en.wikipedia.org/wiki/Oxygen
http://en.wikipedia.org/wiki/Adenosine_monophosphate
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Fluorescent labeling techniques in biomolecules: a flashback
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Scheme 1. Fluorescent 7 p

labeling scheme: a schematic { ' + = ] — = { ' D
diagram showing the labeling

between a biomolecule (green) linked to a tag (light blue) and a fluorophore
(navy blue).

A general list of most commonly used fluorescent methods:

Fluorescent Methods

Chemical Enzymatic Tagging
Maleimide-Thiol Transglutaminase Tetracysteine
NHS ester-Amine Sortase Histidine
Isothiocyanate-Amine Cutinase Aspartate
Alkyl Halide-Hydroxy Intein Lanthanide
Isocyanate-Hydroxy Lipoic Acid ligase CLIP
Tetrazine-Alkene/Alkyne  Biotin Ligase Halo

Myristoyl Transferase SNAP

Fluorescent proteins

(Genetically Tagged)
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Fig. 1 Schematic diagram of chemical labeling techniques (R’ in green represents the biomolecule to be labeled with a target moiety, while R is the
fluorophore linked with a reactive group); (A) Amine labeling: an NHS (N-hydroxysuccinimide)-ester group couples to the -NH; moiety. (B) Hydroxy
labeling: a fluorophore 1s modified with an 1socyanate group. which couples to the -OH moiety, (C) Thiol labeling: coupling between a maleimide
modified fluorophore and the —-SH moiety, (D) Azide labeling: Staudinger ligation of azide moiety with phosphine group, (E) Azide labeling: copper(1)-
catalyzed cycloaddition of a fluorophore with the azide group linked to a biomolecule, and (F) Tetrazine labeling: A biomolecule labeled with tetrazine
undergoes Diels—Alder cycloaddition with a dienophile linked to a fluorophore.



(A) HzN 1 (B HaN
}*NH =N ,—4 Ha
o Gaapy—sH+ o o Ly sH + > o
active Group enetically nH Reactive Group (Benzyleytosine)
HN

R
"\ﬁ'N (Benzylguanine) lﬂggcd :> Target Group

Target Grouwp

Fig. & Schematic representation of labeling techniques using penetic modifications: (A) SNAP-tag: attachment of benzylguanidine conjugated to a
fluorophore (R, blue) to the SNAP tag fused to the target protein (R’, green); (B) CLIP-tag: attachment of benzyleytosine conjugated to a fluorophore
(R, blue) to the SNAP tag fused to the target protein (R’, green); (C) Fluorescent protein: Green fluorescent proteins and a few examples of its variants,
such as GFP (excitation and emission: 488 and 308 nm), Y FP (excitation and emission: 514 and 530 nm) and B FP (excitation and emission: 554 and
385 nm). The blue color represents the chromophoric compound in the protein; (D)) Unnatural amino acids: a few examples of widely used fluorescent
non-natural amino acids, such as microenvironment sensitive (3-(4-nitrobenzo{c]'** oxadiazol-T-ylamina)- 2-aminopropanoic acid (1), amino acids
camrying 7-methoxycoumarine (4) and b-anthraniloyl (5)), 2-amino-3-(anthracen-3-yl)propanoic acid (2), which is less sensitive towards polar and
nonpolar solvents and a hydrophobic labeled dye (2-amino-3-(pyren-2-yl)propancic acid (3)). Moieties in blue indicate the flucrescent groups with a
longer excitation wavelength than 320 nm, which thus remove the interference from the intrinsic fluorophores in the protein, and (E) tR NA: Reductive
cleavage of dihydrouridine in the presence of NaBH, and subsequent amination to form an amine group at the target site. In the second step, a
fluorophore (R in blue) modified with a dihydrazide moiety is coupled to the primary amine group of the target site.
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Mammalian Cell Surface Imaging with Nitrile-Functionalized Nanoprobes:
Biophysical Characterization of Aggregation and Polarization Anisotropy in
SERS Imaging

(a)

k3
Raman ktensity (arh. writs)

Figure 2. (a) SEM mage of a cell. Upper nght inset: magmfication of a
group of aggregated WPs. The scale bar is 200 nm. Lower left inset: the
comesponding Raman intensity mmage of the same cell obtained with a power
density of 107 Wiem®. Laser-nduced damage to the cell iz shown in (b)
the monomer (blue circle in &), (c) the aggregates, and {d) a pair of dimers.

Figure 1. (a) The chemical structure of Faman reporter 1; (b) Faman
spectra of the CN vibration mode extracted from pesitions L II, and IIT of
the cell shown in the optical image (c). Inset of (b) 1z a cellular Eaman
spectrum taken from spot IV of the same cell. (d) Raman mtensity map of
the C=N band of the same cell. and (g} the coresponding SEM image.
Inset in (g) showed the INPs in the lower nght circle. (f) The group of NPs
as shown in the large oval of ().



Molecular imaging of live cells by Raman microscopy
Almar F Palonpon'<, Mikiko Sodeoka*” and Katsumasa Fujita'*

Current Opinion in Chemical Biology 2013, 17:708-715

(b)

(a)

Raman scattering intensity [a.u.]

e e
S £ F
@D =
£ 5588 2 -
e g"ﬁ--‘:‘mo £ D
§ ¥smw s 8 o 2
20 £ S §5F 5 2 E
SERSFF S858 5%
B SEL OESE 59
3] § <
Rg S

excitation: 532 nm

- 20

- 10

600 800 1000 1200 1400 1600 1800 2000 2800 32000

Raman shift [em™]

1 1 1 1 1 1 1 1 1
5560 556 562 568 575 581 588 595 625 633

wavelength [nm]

1689 cm-1 2855 cm-1

Calor channels: ¢
Current Opinion in Chemical Biology

yio o

overlay

L
G), protein (B), lipid (R)




—_—
[+
—
—_—
L
—

s |
Lo

ey
=

A
IS
1 ] A (Pl

1
o rﬁ..l'*.u' .:'I'-'\_. I_,r'..-ll
ol e i
|I il
|
ﬂ .II t-u“"’l Il'.

I e
Wl Vool Ny \,

"y
[
"i__-'_

— S Color channels: cvio ¢ (5], protein (B), lipid (H)

(b)

pa
4]
-

l"—"‘-"“—w”“f "‘1‘..{__{% III IM\H‘ I..‘J II\-\"M

=)
™
3

Color channels: cyto ¢ (G), protein & lipid (B)

T [ I
800 1200 1600
Raman shift [cm™]

— ST Color channels: cvio ¢ (G), protein (B). lipid (H)

Current Opimon in Chemical Biology




i (c)

1 Silent Aegion
1

Alkynz
Allkyne =

1
i N
s ] ,_l-..l....- =

HH N : I :
HO NAD HO N'_ku I
0 0 . ot I

] y N

| i 1 3

000 1500 2000 L

Raman shift (cm™)

with EdU without EdU

| = | "'l't'-l- nrntern —~
( } I

Color channels: cyto c {B:I_. EdU (R), AltQ2 (G)

Current Cpinion in Chemical Biology




(a)

Alkyne vs Nitrile Azide ws Nitrile Deuterium vs Nitrile
22341 z z
w w w
g 3 g
£ £ £
o z @ 11xCD CN
G G T1o07| 2124 2241
2 1.00; 2 2 100
[T T T T 77 T T T T 77 T T T T 71
2000 2100 2200 2300 2000 2100 2200 2300 2000 2100 2200 2300
Raman shift (cm-) Raman shift {cm-1) Raman shift (cm-1)
(b) F
o R: Alkyl, Alkenyl, Acyl, etc. Ar—=—=—Ar
@ Ar: Aryl, X: SiMes, Br, or | E3 C
2 10 Ar—== XAr%AJrﬂ‘ E2 .
i E1 Ar—==-H '
8
g 3 R—=—=-X R—=—=—R
= EdU —
9 BT & Ar—X Yl ¢
c
g A3
= R—= —
g 0.1
o
o
T T T T
2100 2150 2200 2250
Raman shift (cm™)
(c)
CHO
@% 0HG—©€ Ph—=——58r Ph——=—=—I
RIE: 0.73 1.3 0.85 28
Raman shift: 2100 2103 2194 2164

Current Opinion in Chemical Biology




A) General click chemistry
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ru:1 r
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—_— —_— T
click reaction
=l = small moleculs
B) Cu-free click chemistry -~
1 step fluorescent |
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click reaction

Direct Raman
imaging
Raman in living cells
Tag

Figure 1. Concept of click-free imaging.
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Alkynyl sugar analogs for the labeling and
visualization of glycoconjugates in cells

biotin/
nuclei streptavidin overlay

ﬁ{;&imc AO— J\/A\
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OAc AcO—— A OAC
Mo 7 0AC 4
f.-}—rx__ -0Ac 0

rc0h¢ 2 AcO— NJ\
. ~0AC AcO- 1'0\ alkynyl
' ’ZTE}"’J OAc  AcO ""SWOA:: Fuc 1
AEOOAC 3

Irllr HD xh .-fox /D
HN”'H\ | f control
NH P N ManNAc 5
. 3

6 alkynyl
0 ManNAc 4 i

Scheme 1. Modified sugar analogs and probes used in this study.

2614-2619 | PNAS | February 20,2007 | vol. 104 | no.8



Cell-permeable probe for identification and imaging
of sialidases
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Fig. 1. Identification and imaging of sialidase with activity changes using
these activity-based sialidase probes.

2466-2471 | PNAS | February 12, 2013 | wvol. 110 | no.7



Antibody and Antigen
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Enzyme-Linked ImmunoSorbent
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Microarray
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+ Fmoc Photopattern

—efi
3

- Fmoc

+ 0 -

Bare Gold

+ PEG

o=
A

MUAM (amine terminated)

Fmoc (hydrophobic)

DNA attached with SSMCC

P | PEG (resists protein adsorption)

Figure 1. Fabrication scheme for the construction of multi-element DNA arravs. A clean gold surface 1s reacted with the amine-termmated alkanethiol
MUAM. and subsequently reacted with Fmoc-NHS to create a hydrophobic surface. This surface 1s then exposed to UV radiation through a quartz
mask and rinsed with solvent to remove the MUAM+Fmoc from specific areas of the surface, leaving bare gold pads. These bare gold areas on
the sample surface are filled in with MUAM, resulting in an array of MUAM pads surrounded by a hydrophobic Fmoc background. Solutions of
DMNA are then delivered by pipet onto the specific array locations and are covalently bound to the surface via the bifunctional linker SSMCC. In
the final two steps, the Fmoc-terminal groups on the array background are removed and replaced by PEG groups which prohibit the nonspecific
binding of analyte proteins to the background.
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Figure 2. Surface reaction scheme showing the steps involved m the
reversible modification of the array background. (Step 2) The starting
amine-terminated alkanethiol surface (MUAM) 15 reacted with the
Fmoc-NHS protecting group to form a carbamate linkage thus creating
a hydrophobic Fmoc-terminated surface. (Step 6) After DNA im-
mobilization (see Figure 3), the hydrophobic Fmoc group 1s removed
from the surface with a basic secondary amine, resulting in the refurn
of the oniginal MUAM surface. (Step 7) In the final array fabrication
step, the deprotected MUAM 1s reacted with PEG-NHS to form an
amide bond that covalently attaches PEG to the array surface.
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Figure 3. Surface reaction scheme showing the immebilization of thiol-
termunated DNA to the array surface. In Step 5 of the DNA array
fabrication, the heterobifunctional linker SSMCC 15 used to attach 5'-
thiol modified oligonucleotide sequences to reactive pads of MUANMNL
This linker contamns an NHSS ester functionality (reactive toward
amines) and a maleimide functionality (reactive toward thiols). The
surface 1s first exposed to a solution of the linker, whereby the NHSS
ester end of the molecule reacts with the MUAM surface. Excess linker
15 rinsed away and the array surface 1s then spotted with 53'-thiol-
modified DNA that reacts with the maleinude groups forming a covalent
bond to the surface monolaver.

J. Am. Chem. Soc. 1999, 121, 8044—38051



Glass Surface Modification
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Figura 2.3 Schematic respresentation of a steptavidin sensor surface assembled on a
reactinn-controlled biotinylared SAM [28],
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