Gene Manipulation for
Bio-systems

Chung-Liang Chien & 7 2
Department of Anatomy and Cell Biology
College of Medicine, National Taiwan University



Fluorescence probes in the living cells

Fluorescent proteins (GFP,YFP, CFP,and DesRed) are ideal
for monitoring gene expression and protein localization in
Vivo, In situ, and in real time.

Fluorescent proteins do not require additional proteins,
substrates, or cofactors for detection.

NEW PRODUCTS

Living Colors” Red Fluorescent Protein

The only red fluorescent protein for expression studies

e Exclusively available from
CLONTECH

e |deal for in vivo, multiple color
labeling

e Virtually eliminates background
fluorescence

¢ Highly specific antibody available

CLONTECH introduces Living Colors® Red
Fluorescent Protein'—the only commer-
cially available red fluorescent protein (RFP)
for expression studies. This unique protein
(DsRed) was isolated from the IndoPacific sea




NEW PRODUCTS

Living Colors” Red Fluorescent Protein..continues

Figure 2. Triple labeling with DsRed1, ECFP, and EYFP. Hela cells were transiently transfected with pECFP-Nuc
(#6904-1), pEYFP-Tub (#6118-1), and pDsRed1-Mito (n/a), which label the nucleus, tubulin, and mitochondria, respec-
tively. The cells were incubated at 37°C for 48 hr, fixed in 3.7% formaldehyde in PBS, and observed by fluorescence
microscopy using a Zeiss Axioskop. The images were taken with Omega filter sets XF35 (propidium iodide) for
DsRed1-Mito, XF104 for EYFP-Tub, and XF114 for ECFP-Nuc, a cooled CCD camera (MicroMax Interline Transfer
Camera, Roper Scientific), and MetaMorph Software (Universal Imaging Corp.). Individual images were overlaid and
pseudocolored. The overlap of EYFP and DsRed gives a bright yellow color.
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Figure 3. Excitation and emission spectra for all Living
Colors® fluorescent proteins.




Some commercial available expression vectors
for fluorescent roteins: (from BD Biosciences Clontech)

*N-terminal Protein Fusion expression vectars: pDsRed2-N1, pECFP-N1,
PEGFP-N1, N2, N3, and pEYFP-N1

N-Terminal Enhanced Fluorescent Protein Vectors
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C-terminal Protein Fusion expression vectors:
pDsRed2-C1, pECFP-C1, peGFP-C1, C2, C3, and pEYFP-C1

C-Terminal Fluorescent Protein Vectors
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Living Colors™ Subcellular Localization Vectors

e Localize fluorescence to specific organelles or structures in living cells
e Visualize biological processes as they occur
® Dual- or triple-label cells with different fluorescent proteins

Peroxisomes
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e 0
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Figure 1. Organelles targeted by Living Colors™ Subcellular Localization Vectors.




Living Colors™ Subcellular Localization Vectors continued

Figure 2. Dual and triple labeling with Living Colors™ proteins. HelLa cells were tran-
siently transfected with pDsRed1-Mito, pEYFP-Tub, and pECFP-Nuc, and were fixed.
The images were taken using Omega filter sets XF35 (propidium iodide) for DsRed1-
Mito, XF104 for EYFP-Tub, and XF114 for ECFP-Nuc; a cooled CCD camera (MicroMax
Interline Transfer Camera, Roper Scientific); and MetaMorph Software (Universal
Imaging Corp.). Individual images were overlaid and pseudocolored. Panel A.
pDsRed1-Mito & pECFP-Nuc. Panel B. pDsRed-Mito, pEYFP-Tub & pECFP-Nuc.

Table I: Living Colors™ Subcellular Localization Vectors

Targeted
subcellular
structure

Color variants
available

Localization
tag or gene

Potential
applications

Endosomes Green, cyan, yellow

Mitochondria Cyan, yellow

Nucleus Cyan, yellow

RhoB

Targeting sequence
from subunit VIII
of cytochrome ¢ oxidase

SV40 T-antigen NLS*;
3 tandem repeats

* Observe movement of
vesicles of endocytic
pathway

* Monitor endocytosis of
labeled receptors or
ligands

e Study normal & disease
state

* Track mitochondrial
dynamics

¢ Study nuclear import

eTrack cell lineage

¢ Monitor cell growth
& division

Product

Size
pPEGFP-Actin Vector

pEYFP-Actin Vector
20 pg

20 pg

pECFP-Endo Vector
20 pg

Cat. #

6116-1

6902-1

6934-1

pEGFP-Endo Vector
20 pg

6935-1

pPEYFP-Endo Vector
20 ug

6936-1

pECFP-ER Vector

20 pg  6907-1

pPEYFP-ER Vector 20 ug

6906-1

pPEGFP-F Vector

pECFP-Golgi Vector
20 g

20 ug

pEYFP-Golgi Vector
20 pg

6074-1

6908-1

6909-1

pECFP-Mem Vector
20 pg

6918-1

pEYFP-Mem Vector
20 ug

6917-1

pECFP-Mito Vector

20pg  6903-1

pEYFP-Mito Vector

20 ug  6115-1

pECFP-Nuc Vector 20 ug  6904-1

pPEYFP-Nuc Vector 20 ug

6905-1

PEGFP-Peroxi Vector

20 pg  6932-1

pECFP-Peroxi Vector
20

6931-1
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Fluorescent Organisms:
Transgenic GFP mouse

Method for introducing genes into mouse embryos:
DNA injection into fertilized eggs
(over-expression, multiple copies of GFP transgene)

@ MICROINJECTION of @ GENE TRANSFER inlo
— cloned DNA inlo |

ES cells with cloned DNA
zygoles or by infection

selection, characterization

ES-chimaera formation

g

| Mice carrying foreign genes | |

__.n'



WA HE 31 A B E g x B e o e

A
Inject foreign DNA
into one of the
pronuclei
Pronuclei <[
Fertilized mouse egg prior
to fusion of male and

female pronuclei B

Vv

Transfer injected eggs
into foster mother

i PR g oS
-


../Transgenic2001/MCB0801.MOV

Transgenic GFP mouse

(cited from Dr. Nagy’s Homepage: http://www.mshri.on.ca/nagy/visual.html)
Fluorescence Stereomicroscopy (Leica-MZ FLIII )




Transgenics
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In vivo electroporation

Effective gene transfer into the embryonic mouse
brain using in vivo electroporation-evelopmental Biology

240:230-246, 2001) N

http://www.frontier.kyoto-u.ac.jp/rcO1/in vivo electroporation.ht

*Transfection Efficiency
*Apparatus
*Procedures



IVE.pdf
in vivo electroporation.htm
transfection_efficiency.htm
apparatus.htm
procedures.htm

In vivo electroporation -Apparatus



../KyotoU/apparatus.htm

In vivo electroporation

micropipette
electrodes

TABLE 1

Effect of Voltage and Pulse Mumbers on Survival and
EXFP-Fositive Rata

Voltage No. of Embryo EYFF" Mo, of operated
R pulses  survival (%6)  embryos (%) embryos (Litters)

=l La

a3

= )




ession in restricted regions of the brain.
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Cell~vizio
> Molecular imaging on living animals is now possible at the cellular level

Mauna Kea Technologies, leader in the field of ultra-high resolution molecular imaging systems, has developed a revolutionary
product - Cell~vizio™ - based on its ‘Fibered Confocal Fluorescence Microscopy’ (FCFM) proprietary technology. Cell~vizio is designed

to visualize cellular structures in living animals and quantify molecular events. This unique imaging system is the result of technological
breakthroughs in different fields leading to the 3 main elements of Cell~vizio:

Range of ProFlex fibered imaging microprobes
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orovides real time images at the ce
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PHOTOS BY A.PERCHANT®©2004
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> The fiber-based technology allows unique in situ access resulting in a whole new
range of possibilities

Minimally invasive access Endoscopic access External access




. AWorld of Possibilities

Corneal -

Heart

Mesentery Lymph N(Sde



Deep brain imaging

Pos%miax neurogenexis

E—'-"e rir)hez'ai neu

Neuromuscula

]

in vivo




Laser Scanning Unit (LSU) Specifications

by Mauna Kea Technologies

Excitation wavelength 488 nm

SRR

ProFlex Specifications

Collection bandwidth 500 - 650 nm

Frame rate 12 frames/sec.

ProFlex  Working Axial Lateral Max field
Part Number diameter  distance resolution resolution of view Sensitivity
(mm) (pum) (pm) (pm)

Signal encoding 13 bits

$-0300-5.0 03 300 x 300 Image export format .png. .bmp. .jpeg. .pbm. .pgm. .ppm. .xbm

$-0350-5.0 330 x 330

(]
0 -
Movie export format .mpeg. .mhd (raw format)
5-0650-5.0 . 0 600 x 500
0

Power requirements 150 W (110 - 240 V)

S-1500-5.0 600 x 500
HD-1800-2.5/50 § A 240 x 200

HD-1800-25/80 18 80 M 25  2M0x20  +

Dimensions . 480 x 180 x 500 mm

HD series

Weight 20 kg

The Laser Scanning Unit", Lsu-488, is specifically developed to meet the needs ot /n vivo and
real-time confocal imaging through fiber bundles. The excitation wavelength at 488 nm makes it compatible with
numerous fluorophores (Syto13, Yoyol, FITC, CellTracker Green, Calcein, Rhodamine 123 or 6G, Cy3....) and GFP or
YFP transgenic animals.

hexcitation ™ Acollection
488 nEr‘r = 500 to 650 nm

450 500 550 600 650 700
Wavelength (nm)

The lmageCelt"’" software controls the image acquisition and real-time display, at 12 frames per sec-
ond. and performs on-the-fly image processing. The standard version offers analytical or quantification tools

and allows standard export formats. It operates with Mac 0S X.



eXplore Optix Imager from GE

Computerwith TCSPC

PDL
Collection
lllumination .
lens Motorized
folding Circular
mirror . ND attenuator
e

Illumination
galvomirror
Translation table

X-axis

Source

ROI




Fluorescence Optical Applications

Oncology

Disease
biology

ADME/Tox

Tumor detection
Tumor size

Tumor localization

Angiogenesis

Disease progressi
Gene expression

Protein-protein
interaction

Receptor studies
Antibody labeling

Kinetics
Gastic Emptying
Organ screening

v' Sensitivity
v" Quantitation
v Tomograph

y
v Deep tissue

v' Sensitivity
v Quantitation
v" Multiplexing

v' Sensitivity
v Quantitation
v Dynamic imaging

300,00
0 cells

@ 30,000

cells

3,000
cells

5 10 15 20 25 30
Time (min)




NIR Tissue Optical Window

Low absorption in the near-IR spectrum (650-950nm)

Absorption

0.30

0.25

0.20

0.15

0.10

0.05

rd

0 _
600 700 800 900 1000 1100

Wavelength [nm]



Tumor Biology

Imaging cell surface antigens CONTROL AGENT

= Mice with Lewis Lung
Carcinoma subcutaneous A
growing tumors dUnaty o 9

= Injected with Cy5 labeled g
Control (RDG) and Targeted
(RGD) Agents (100 nm/kg)

= Scanned 10 min and 16 h
post injection

TARGETED AGENT

= Images acquired using the
eXplore Optix system »
ag 0




mkocytes of Tumor Model

W/Cy5.5

Colonies of Ieukocytes}onfirmed ex-vivo




Imaging Reporter Genes
Autofluorescence Differentiation
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Control

10’ ~
LSU fiting t=1.4602ns, 1=0.000443
Mo
§ o SN
R
8 Vi
s r'&,w\-'w,,“_m‘
Rl ‘ RN,
‘ Selection: statMax=0.5, endTime=10.52, nPoint=317 ' 1 T4y ). N
g
! l L I
0 2 4 6 8 10 12
fitting goodness, 3=4.0075
100 . :
2o il
8l M P b g
AU { Likaln 4 ¥
: !
2-100 jfl‘
§ f
2 \
-200 |
0 2 ¢ 3 8 10 1
time (ns)
polyfit(1): signle Exp, =3.3252ns
/ S LSU fitling <=1.5746ns, f=3.1194e-005
g | —
g T
3 | jan NS
2 \ b
| Seection: startMax=0.5, endTime=10.52, nPoint=303 Sy,
L | (1 L 1
0 2 4 6 e 10 1
fitting goodness, 2=5.0478
200 . '
N, Jwr.m‘\ A
F W A ek
YAl
5 ‘Ju
&
@-200f Jd
g
2 )
g b
-400 \
0 2 ¢ 6 8 10
time (ns)

polyfit(1); signle Exp, :=3,1881ns

GFP
t=2.7nS

Autofluorescence
t>3.0ns

imagination at work '



mudy

Liver targeted agent

Courtesy Mattrey and Vera, UCSD

EX-TYPE: Cy5.5 Fluorescence
ET: 15 min 59 sec
S-I0: livers_G

Specific

15 min.
I4

H-TYPE: Cy5.5 Fluorescence
T: 16 min 18 sec
-ID: liver10_N

Non-specific

15 min.
S

H-TYPE: Cy5.5 Fluorescence
T: 31 min 46 sec
-ID: liverS_G

Specific

30 min.
S

H-TYPE: Cy5.5 Fluorescence
T: 31 min 37 sec
-ID: liver? _N

Counts

~~~~~~~~~~

Non-specific

30 min.
I4

Fluorescently labeled ligands, specific and non-specific for a receptor type
hepatocytes, were injected & imaged. ROIs around heart the liver used to
generate organ-specific fluorescence lifetime and intensity.




Data Analysis Capability*

Extract advanced information from 2D and 3D datasets

4 Analysis Workstation - [View]
Hebp

v" ROI templates

v TPSF visualization

v' Lifetime analysis

v" Histogram analysis

Intensity

247¢+004

# Analysis Workstation - [View]

Fie View Window Hep

e 1.856+004
Intensity - D:\My Shared Folder\ART - Pub pour roadshow\Présentation du Soft 3D\m159_icg_040724_114335_0_000.td (Intensity_20050110_115326)

1.23e+004

6.166+003

o

2.47e+004

1.85e+004

Experiment ID : mowse 159, icg Lv
Specimen|D : m159_icg

Expariment fype : Fluorescence
Time of scan: 2004-07-24 - 11:45:11
End time of scan : 2004-07-24-12:1601
Compound injection time : 2004-07-24 - 11:35:03

1.23e+004

6.16e+003

Lifetime
1.13 ns

0.000

0.851 ns

0.567 0 . - q Ao
" *Works-in-progress. Please inquire for expected availability

Experiment ID : mose 159, icg iv. 0.284 ns
Specimen|D : m159_cg
Experiment iHype : Fluorescence
Time of scan: 20040724~ 11:45:11
Enditime of scan: 20040724 - 12:16:01
Compound injection fime : 2004-07-24-11:35:03




What’s next?
Anatomy with Function...

PET Specificity

Optical




mgisterv/{; for Precise Anatomical Localization®

Gray Scale Value:
X y2) (24491, 37,743,89.369) (m

*Works-in-progress. Please inquire for expected availability



eXplore Optix Summary

3D localization & Quantitation Accuracy

Benefit

Sensitivity &
Tissue
Penetration

Quantitation

Fluorescence
Lifetime

Feature Why it Matters

= NIR Optimization v" Less auto-fluorescence... lower

= Time Correlated Single background:.. greater SNR
Photon Counting(TCSPC) v Greater tissue penetration...enables internal
approach organ measurements

v' Earlier disease/response detection

=TSCPC v" Depth localization
= Depth analysis tool v" Flourophore concentration estimation
accuracy

v" Platform for tomography.. Absolute
concentration quantitation

=TCSPC v Endogenous fluorescence differentiation.
v Enables multi tracer & interaction
applications
v Enables micro-environment interrogation



XENOGEN IVIS system
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O 200 440
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4X 21X 28X 55K

- (000
- (000

IVIS (In vivo Imaging System) @ BESENIFTBISE L ISREER R o TR IGEER (luciferase) B E
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IVIS (In vivo Imaging System)E T RER VDA HSE W ISREREATR - FIARICESR (luciferase) EETE
S HNIRE - RRERFERMRIGERER - BUREESTE — SRS ERREE605
f& - BIFEVBER L ARE RIEMRENINERERET - RAYBRESEZ ASnEEH -

IVIS® &y 4 xmrs VIS® g9 Bxm s
¢ TESELYEN 0 FHEEEDYCE  JEEERERE & FTEEGEE
¢ JUERDHASEER & EIF/FIRAIH
¢ EoHZER—E A EERIFREEARLIEEE ¢ EEEENR
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& ENEESEIRITEERE W EE & DEEMEFHEBRHT

R R AR EIR AT

Level Biotechnology Inc.

RS 02-26959935 SATEBER: 0800-251302
LEVEL wwwlevel.com.tw




Microtubule Associated Protein (MAP) probes
Cell mitosis

Axon outgrowth

- GCIN B Major Microtubule-Associated Proteins

Protein
Tyre |

MAPI1A

MAP1B

Tyre I
MAP2a

MAP2b

MAP2c

MAP4

Tau

MW Domain Organization™
300,000 heavy chain 1 FE S e e e
255,000 [ ] = T b
280,000 R 11
200,000 e 111

42,000 B

210,000 e 111

55,000-62,000 B 1T

[.ocation

Dendrites and axons

Dendrites and axons

Dendrites

Dendrites
Embryonic dendrites
Non-neuronal cells

Dendrites and axons

“Yellow, microtubule-binding domain; pink, projection domain; green, 18 amino acid repeats.
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GFP-MAP1A Tubulin
Taxol- b
treatment L
GFP-MAP1A
Nocodazol-

treatment
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A
O MAPLIA-HC = MAP1A-LC Tubulin 352 Taxol \Nocodazol




P-MAP1A in COS 7 (Taxol 10 uM)

590 frames
(10 sec./frame)
98 min. 20 sec.




GFP- A In COS 7 (Nacodazol 10 pg/ml)

— s = — .
o . - : Rl o LAY
Yy

17 e, O | it 425 frames
B ' (10 sec./frame)
| ' 70 min. 50 sec.

N
g Y

BRI
15V




Taxol
98’ 20”

Nacodazol
g 70 50"




DsRed-MAP1la YFP-Tubulin

23 246




DsRed-
MAP1a
YFP-Tubulin
in

Nacodazol-
treated

COSY cell

10 s / frame,
total 216
frames, 36 min ~

0 min 36 min

36 min

0 min




EB-1 microtubule capping protein

(B)
spindle microtubule

growing bud
EB1 protein

—

Kar9
protein

microtubule anchored through
EB1-Kar9 binding

(movie from Molecular Biology of The Cell, 4" Ed. 2002)


16_3.mov




EB-1-YFP | S7 cell 2 second / frame, total 151 frames, 5 min

W




EB-1-YFP in process of Neuro 2A cell




64 ~ 64
100 * 100

200 * 200
512" 32

T Configuration

512~ 612
| Ofn[ ofmn| 3[s[ ofms 640~ 512

" Frames: 1D24 = 1D24
& Complete Time: ljl . Ijlmm . Ijl s ' Experiment: \\Dev_matrix\publicibot] Doyt 0 [M[=] B3



DSCN1510.MOV

Leica DM IRE2 microscope
enclosed within a computerized CO,-incubator for
Indispensable thermal-and mechanical stability

Microincubation
Imaging-Chamber



http://www.major.com.tw/p_1_2_cm_ASMDW.htm
http://www.major.com.tw/p_1_2_cm_ASMDW.htm

Software: MetaMorph System

iIntegrated imagining system for maximized control

R M ETAMORPH:zssssmmesy

Multi-dimensional imaging

3D reconstruction/ deconvolution
Time lapse recording

Z-series acquisition
Morphometry: Cell counting
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CCM-330F

CCM-500F

Resolutions

Camera / Chlp Slze ”

Coollng

Plxel Slze

“Field of View
(Objective X10)

Exposure Time

J. 3 Mega Pixels (2048x1536)
Cooled CCD / 1/2 Inch
Pel’uer D|V|ce RT 10 C

707 X 530 Km
1 6ps X 17 9m|n

3 45um X3 45um I

5. O Mega Pixels (2560x1920)
Cooled ccD /213 Inch
Peltler DIVICG RT—1O C o

3 4um X 3 4pm

870 X 650 Hm
E 6ps x17.9min

Capturing Interval

nght Source (FL)

1min - 24h 1min - 24h
Image Format “ TIFF/BMP TIFF/BMP -
O(t;jtae&t;ydc-)a Cens X 10 / NAO 22 - X 10 / NAO 22 |
P s o o Xads X360
nght Source (VIS) White LED | Whlte LED
Blue LED . F Blue LED

Excitation Filter

472.5nm Half band width 30nm

472.5nm Half band width SOn;n"W

Fluorescence Filter

520nm Half band width 35nm

520nm Half band width 35nm

Dichroic Mirror

503nm - 730nm

503nm 730nm

Focus Adjustment

Remote Control from the Controller

Remote Control from the Controller

PC

WindowsXP Professional SP2

WindowsXP Professional SP2

CPU
Standard Display

Intel Pentium4, 3.0GHz 512MB and up

SXGA 17" LCD display

Intel Pentium4, 3.0GHz 512MB and up

SXGA 17" LCD display

Camera Unit Dimensions

W165 x D275 x H165 (8.0kg)

W165 x D275 x H165 (8.0kg)

Controller Dimensions |

W220 x D260 x H120 (6.0kg)

W220 x D260 x H120 (6.0kg)
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