GFP: Lighting Up Life

You can observe a lot by watching.
Yogi Berra

My companions and | then withessed a curious spectacle. . .The Nautilus
floated in the midst of. . . truly living light. . . an infinite agglomeration of
colored. . . globules of diaphanous jelly. . .

Twenty Thousand Leagues Under the Sea — Jules Verne

Now it is such a bizarrely improbable coincidence that anything so mind-
bogglingly useful could have evolved purely by chance that some thinkers
have chosen to see it as a final and clinching proof of the nonexistence of
God.

The Hitchhiker’'s Guide to the Galaxy — Douglas Adams
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Aequorin + Ca™ —— light
Aequorin + Ca** + GFP ——
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The GFP Fluorophore
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Primary structure of the Aequorea victoria green-fluorescent protein

(Bioluminescence; Cnidaria; acquorin; energy transfer; chromophore; cloning)

Douglas C. Prasher”, Virginia K. Eckenrode®, William W. Ward®, Frank G. Prendergast and Milton J. Cormier”

Correspondeme to- Dr. D.C. Prasher, Redfield Bldg., Woods Hole Oceano-
Hole, MA 02543 (U.S.A.)
x (508)457-2195.




AGFP10

1 TACACACGAA TAAAAGATAA CAAAG
61
121
181
241
361
421
481
541

601

- S

T721 T AAATGTCCAG ACTTCCAATT GACACTAAAG T
Ec TCCGAACA EcoRlI
ATTACTAAAA TCTCAGGGTT CCTGGTTAAA TTCAGGCTGA GATATTATTT
ATATATTTAT

841 AGATTCATTA AAATTGTATG AATAATTTAT TGATGTTATT GATAGAGGTT

ATTTTATTAT



Ghia Euskirchen

— continued —-

Tuesdey 13. Ockobar 1172

THuorescance . Mmswp~1

— Lfs(.a' 'Sc,vPL. .-Frdﬂ g E:J T-urr.cﬂ... ,b—b l?"l
blatﬁ.. _ Pd&:h viewed ueK .

iewed | uader! oil tmmersion v/ l0Ox% cng‘:c'ﬁve_,.
Cheeke {-a- Humsmr_.e_,

_E_-’.__tg{i from Ding L no  ecato fuoreswncl_
untreated | coded be_ sean aJ‘H'mtah dhe
fx‘clJ lrr-_cﬂ o  Shrong J[ﬂﬂ-ﬂﬁ!‘] cast
b | .
4 4 t=2he L.‘nduhm). FIMW‘L&U:U E.coli (S}mnjle)
ez b leck. freldd
2 2 t=0he (&UlFon)  Weakly Huorescine E. ki
Fu.'rI\[ H“-k- fl!kp
| jrou . | |
&2 35 () asme s | % 4| ke 2

With Nromen's | cCumdre 5

KodeK EXbr 100 4SA | 35 wm
%t on |00 ASA

~ KEG ! | !
/13 31’04..‘3 uf g?oSur-e_.s | were_| Y mhtM E_ _CJ ‘f'ram :Du‘na_,
X oy AL < £ 30 | weer ¥ £3D e |

’5'* qroup Lﬁmg.”?l +| ) wee | 2 k= O he

* A\E kc“utf“‘“" bme. which was :r\.’ 60 sec, c\\s \qm] Cor_wplgk‘w



Yuan Tu



600

500

Wavelength (nm)

400

1.0F
0.8

=
=]

0.2

aju) eAneley

0.0
300

Bill Ward



Glow Worms - A New Method of Looking at C. elegans Gene Expression

Marty Chalfie and Yuan Tu, Dept. Biol. Sci., Columbia Univ., NY, NY 10027
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Glow Worms - A New Method of Looking at C. elegans Gene Expression

Marty Chalfie and Yuan Tu, Dept. Biol. Sci., Columbia Univ., NY, NY 10027
Douglas Prasher, US Dept. Agriculture, Otis ANG Base, MA 02542.

We have developed a new way to look at gene expression in C. elegans (and
other organisms) that utilizes an inherently fluorescent protein (the green-
fluorescent protein; GFP) from the jellyfish Aequorea victoria. GFP fluoresces
bright green when illuminated with blue light. We have found that this fluores-
cence does not depend upon any other component specific to A. victoria, so gfp can
be used instead of lacZ, for example, to make gene expression fusions.

We have made a mec-7gfp fusion using the mec-7 promoter, transformed C.
elegans with this construct, and generated two integrated lines to examine GFP
expression. Both lines (and the parental non-integrated strain) were fluorescent,
but one insertion gave very strong fluorescence (uIs4). Strong expression is seen
in the four embryonic touch cells (the ALM and PLM cells) in uls4 animals. Even
the terminal branches of these neurons can be followed. Other cells also
fluoresce, but less strongly (BDU, FLP, a few cells in the tail, and the AVM and
PVM touch cells). Two additional cells in the tail also show fairly strong
fluorescence: by the projection of their pr + these app to be the ALN
cells. The staining of the AIM, AVM and PVM (but not to as great an extent in the
PLM cells) was dependent on mec-3. These results are consistent with the previous
expression pattern produced by this promoter [Hamelin et al., EMBO J. 11, 288S
(1992) ; Mitani et al. Development, in press] and seems to be equal to our most
sensitive method (antibody staining). (The ALM and PLM cells are often displaced
anteriorly in uIs4 animals, but not in the other strains; this defect is probably
due to a secondary mutation or a mutation at the site of insertion.)

We have not completely optimized the method of viewing the GFP fluorescence.
The excitation spectrum for native and recombinant GFP has a major peak at 355 nm
and a minor peak at 470 nm, and the emission spectrum has a major peak at 509 nm
with a shoulder at 540 nm. Because we found that 395 nm light causes a very rapid
photobleaching that is not seen at 470 nm (the fluorescence bleaches, but slowly;
there is recovery from photobleaching at both wavelengths), we have tended to use
the higher exciting wavelength. The standard FITC filter sets provide the
appropriate light. However, refinements can be made. For example, we find that
it is better to use a long-pass emission filter (GFP looks green and the animals’
autofluorescence is yellow) rather than a band-pass filter (both are green). (In
preliminary observations with several of the flu strains we haven't seen any
improvement. We haven’'t yet looked at clr-1 animals, but these would presumably
help eliminate the problem of the autofluorescence.) Another improvement .comes
from using a xenon rather than a mercury lamp for fluorescence (the output dips at
470 nm with the mercury lamp, but not with the xenon lamp). We have not yet tried
low-intensity-light video cameras (the autofluorescence may pose a problem here).

We have lots of ideas of how gfp might be used and imagine that other people
will have many more. We think it should be possible 1) to examine gene expression
and protein localization at various stages (and to see changes in expression, e.g.
through cell division); 2) to examine the outgrowth and migration of cells in
situ; 3) to look for mutants that change the pattern of expression [e.g., looking
for revertants of the degeneration-causing mec-4(el611) mutation by mutating a
mec-4gfp; mec-4(el611) double and looking for the reappearance of fluorescing
cells], 4) to mark cells for subsequent isolation and study (an experiment we hope
to do soon with Shawn Lockery - who suggested the above title), and 5) to identify
cells for laser ablations (the cells may also absorb more laser energy) .

We have generated a set of plasmids that may be useful for C. elegans
researchers. These are a pBluescript II KS (+) derivative (TU#65) containing a
Kpn I - EcoR I fragment encoding GFP with an Age I site 5' to the translation
start and a Bsm I site at the termination codon (suggested by Andy Fire) and gfp
versions (TU#60 - TU#63) of the four C. elegans lacZ expression vectors (pPD16.43,
PpPD21.28, pPD22.04, and pPD22.11, respectively) described by Fire et al., Gene 93,
189 (1990). If you are interested in obtaining any of these clones, please write
(or FAX or email) your request (include your FAX number; we’'d like to know what
you are interested in doing, but that's not essential) to Marty Chalfie and he
will FAX you the necessary Columbia papers to sign (they can be returned by FAX)
and we will try to send out the clones immediately.
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Green Fluorescent Protein as a Marker
for Gene Expression

Martin Chalfie, Yuan Tu, Ghia Euskirchen,
William W. Ward, Douglas C. Prasher

Science 263: 802-805, 1994




Columbia University in the Cits of New York ‘ New York, N Y. 10027

DEPARTMENT OF BIOLOGICAL SCIENCES SHERIMAN FAIRCHILD CENTER

FOR THE LIFE SCIENCES

Martin Chalfie

Dept. of Biological Sciences
Columbia University

New York, N.Y. 10027

Dear Marty, Nov. 11, 1993.

It is perfectly fine with me if you cite S.Wang’s and my
unpublished results in your Science paper on GFP, provided you
meet the following conditions:

1. You make coffee each Saturday morning for the next two
months, ready by 8:30 a.m.

2. You prepare a special french dinner at a time of your
choosing.

3. You empty the garbage nightly for the next month.

Your sincerely,
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Tulle Hazelrigg
Sarah Chalfie



Implications for bcd mRNA localization from spatial
distribution of exu protein in Drosophila oogenesis

Shengxian Wang and Tulle Hazelrigg
Nature 369: 400-403, 1994
Tulle Hazelrigg Shengxian Wang




Advantages of GFP as a Biological Marker

1. Heritable
2. Relatively Non-invasive
3. Small and Monomeric

4. Visible in Living Tissues



Improving GFP
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The First Human GFP Transgenic?




Gene Expression

PLML
PLMR

Yun Zhang




Co-expression

EGL-44::YFP EGL-46::CFP MERGED

FLP FLP HE

\ | \




Protein Localization
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Mutant Screens and Characterizstion
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Visualizing Synapses

Mike Nonet

Alex Bounoutas



Cell Isolation
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The Problem with C. elegans Electrophysiology




Cell-specific Electrophysiology
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Non-covalent Reconstitution of GFP

Interaction of

Nz cz Leucine lepers
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NGFP CGFP

Reconstitution of

NZGFP CZGFP
Functional GFP

From Promoter A From Promoter B

recGFP

Indraneel Ghosh, Andrew D. Hamilton, and Lynne Regan (2000)
Antiparallel Leucine Zipper-Directed Protein Reassembly:
Lynne Regan appjication to the Green Fluorescent Protein. J. Am. Chem. Soc.

122: 5658—-5659.
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Refining Cell Labeling
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