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- . 'r o Emission Peak 510-5450m  EX  EM
— . - 5-Carboxyfluorescein (5-FAM) 492 518
] ‘:h' - - - Acridine orange (+DNA) 500 526
Fu o - Alexa Fluor® 430 434 540
o | i s Emission Peak 490-510nm EX EM Alexa Fluor® 488 s Gno
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e L 1 . cy2® 489 506 BODIPY® FL 505 513
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e GFP (enhanced) Pre—— Calcium Green ™1 506 531
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CFP (Cyan Fluorescent Protein) 434 477 sy1o® 13 488 509 ELF™ 97 alcohol o EEO
o ¥ ¥ Chromomycin A3 450 470 Yo-PRO® -1 491 509 Eosin 524 544
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i ¥ DAPI 358 461 ZsGreen 492 505 (A= e Bie
" h - Dansylchloride 380 475 Fluorescein (FITC) 494 518
Emission Peak 425-455nm  EX  EM Marina BlUe® 365 460 Fluoro-Jade 475 525
- L] 4-Methylumbelliferone 360 449 PerE o e Fluorx 494 519
b i 7-Hydroxy-4-methylcoumarin (pH 9) 360 449 o ey G Lucifer Yellow 428 536
k 7-Amino-4-methylcoumarin 351 430 SpectrumAqua® P Lysosensor™ Yellow/Blue (oH 4.2) 384 540
t Alexa Fluor® 350 347 442 S e e A LysoTracker® Green 504 511
a AMCA/AMCA-X 345 445 SAEE e P LysoTracker® Yellow 465 535

ANS 372 455
¥ BFP (Blue Fluorescent Protein) 382 448
Calcofluor® White 350 440
Hoechst 33342 & 33258 352 449
Pacific Blue™ 410 455
SIS 337 436
SpectrumBlue® 400 450

Emission Peak 375-425nm

Calcein Blue

Cascade Blue®

DIDS
Fast Blue

Fluoro-Gold™ (low pH)
Indo-1 (high calcium)
LysoSensor™ Blue (pH 5)
Mag-Indo-1

Pyrene

FluorEssence

Felice Frankel

Again this year, I am sharing with American Scientist readers
a winning image from the Science and Engineering Visualization
Challenge, a contest sponsored by the National Science Foun-
dation and the journal Science for which I was a judge. This
year's award in the illustration category went to a stunning and
wonderfully informative reference chart titled “FluorEssence.”
Chris Hardee is vice president of marketing at Omega Optical,
a manufacturer of optical filters for fluorescence microscopy and
instrumentation, and headed the creative team.

F. F. Tell us first what we're looking at, Chris.

C. H. Fluorophores [chemical groups that absorb light of
one wavelength and emit a different one] are incredibly

Felice Frankel is a science photographer and research scientist at the Massachu-
setts Institute of Technology. Address: c/o American Scientist, P. O. Box 13975,

(e

Research Trinn;qlc Park, NC 27709-3975. Internet: felicef@mit.edu
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Magnesium Green™ 506 531

Mithramycin 395 535
MitoTracker® Green 490 516
NBD (amine) 465 535
Oregon Green® 488 496 524
Oregon Green® 500 503 522
Oregon Green® 514 511 530
Qdot™ 525 uv 525
Rhodamine 110 496 520
Rhodamine 123 507 529
Rhodamine Green™ 502 527
SBFI 334 525
Sodium Green™ 507 535
SpectrumGreen® 497 524
sy10® 11 508 527
syTox® Green 504 523
T0-PRO® -1 514 533
ToTo®-1 514 533
YFP (Yellow Fluorescent Protein) 513 527
ZsYellow 528 540

important to biomedical researchers, as they are used to
stain and visualize parts of cells or tissues, which in turn
provide a window to structure and function. They are
visualized by excitation with a light source that produces
a characteristic emission, or fluorescence. There are hun-
dreds of fluorophores, and they are identified by their exci-
tation and emission peak wavelengths from the ultraviolet
to the infrared portion of the spectrum. This poster con-
tains those identifying wavelengths for approximately 250
of the most commonly used fluorophores. It is meant to
serve as a reference tool that is also aesthetically beautiful.

F. . What sparked the idea for the poster, and who else
was involved with the concept?

C. H. I've been intrigued with photographic mosaics ever
since I first saw Robert Silvers’s book Photomosaics a num-
ber of years ago. While representations of the spectrum are
used frequently to communicate information in the science
of optics and the optics industry, for me they lack imagina-
tion. I thought it would be great to create a mosaic of the
visible spectrum using the rich archive of imagery that we
have accumulated over the years from researchers who are
using our filters in microscopy applications.

The marketing department at Omega Optical worked
on the conceptual design, which we handed off to our out-
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Emission Peak 545-570nm

TAMRA
Rhodamine 6G

6-JOE

Alexa Fluor® 532
Alexa Fluor® 555
ATTO-TAG™ CBQCA
Auramine O-Feulgen
BoDIPY® 530/550
BoDIPY® 558/568

Dil (DIIC,_ (3))
Erythrosin
Fluoro-Gold™ (high pH)
Joso™-1

JO-PRO™-1

PKH26

Qdot™ 565
Rhodamine Phalloidin
SNAFL® 2
SpectrumGold®

EX
542
525
525
531
553
465
460
EEE]
558
549
529
368
529
529
551
uv
542
525
530

EM
568
555
555
554
568
560
550
550
568
565
554
565
545
545
567
565
565
546
555

Emission Peak 570-585nm EX EM

Alexa Fluor® 546 556 573
B0DIPY® 564/570 564 570
80DIPY® TMR 542 574 Emission Peak 585-595nm 23
Calcium Orange™ 549 576 ATTO-TAG™ FQ 486
CryptoLight CF-3™ 545 576 8oDIPY® 581/591 582
CryptoLight CF-4™ 555 580 DsRed2 (Red Fluorescent Protein) 558
cy3® 550 570 Lissamine rhodamine B 570
Dapoxyl® 373 574 LysoTracker® Red 577
LoLo™-1 565 579 Resorufin 570
LO-PRO™-1 565 579 Rhodamine B 555
MitoTracker® Orange 551 576 Rhodamine Red™ 570
POPO™ -3 534 572 spectrumorange® 559
PO-PRO™ -3 534 572 Tetramethylrhodamine (TRITC) 555
PYMPO 415 570
Pyronin Y 555 580
Qdot™ 585 uv 585
R-PE 488 575
Rhod-2 550 571
R-phycoerythrin (PE) 565 575
syTox® orange 547 570

Emission Peak 585-595nm
ATTO-TAG™ FQ

BODIPY® 581/591

DsRed?2 (Red Fluorescent Protein)
Lissamine rhodamine B
LysoTracker® Red

Resorufin

Rhodamine B

Rhodamine Red™
SpectrumOrange®
Tetramethylrhodamine (TRITC)
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EM
591
590
583
590
592
585
580
590
588
580

Emission Peak 595-605nm  EX EM

5-ROX (carboxy-X-rhodamine) 574 602

Alexa Fluor® 568 579 604

AsRed 577 597

BOBO™ -3 570 604 Emission Peak 605-655nm EX EM

BO-PRO™ -3 570 604 7-Aminoactinomycin D (7-AAD) 546 647

CryptoLight CF-5 566 597 Acridine orange (+RNA) 460 650

cy3.5® 581 596 Alexa Fluor® 594 591 618 e ST OO EXEE

Di-4 ANEPPS 488 605 Alexa Flyor® 633 632 647 5-Carboxynaphthofluorescein 598 668

Ethidium bromide 518 605 BoDIPY® 630/650-X 630 650 PR e o

Fm® 143 479 598 BoDIPY® TR-X 589 617 Ao M ) =5 om

MitoTracker® Red 578 599 Calcium Crimson™ 590 615 A e 1) e o

Qdot™ 605 UV 605 C-phycocyanin 620 648 Ao Fie® a0 e o

X-Rhodamine (XRITC) 580 605 CryptoLight™ CF-1 575 641 Alexa Fluor® 750 749 775
CryptoLight™ CF-6 566 615 e e
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CTC Formazan 450 630
Di-8 ANEPPS 468 635
DiA (4-Di-16-ASP) 491 613
Ethidium homodimer-1 (EthD-1) 528 617

APC-Cy5.5 633/635694
APC-Cy7 633/635767
BODIPY® 650/665-X 650 665
Cybw 649 670
Europium (I11) Chloride 337 613 Cy5.59 675 694
Fura Red™ (high calcium) 436 637 cy7® 743 767
HcRed 591 613 DID (DilC_ _ (5)) 644 665
Nile Red ® 549 628 DIR (DIIC (7)) 750 779
PE-Alexa Fluor® 610 488 628 PE-Alexa Fluor® 647 633/635668
PE-Texas Red 488 615 PE-Cy5 633/635670
Propidium lodide 536 617 PE-Cy5.5 633/635694
Qdot ™ 655 uv 655 PE-Cy7 633/635767
RH 414 500 635

PercP 488 675
R-phycocyanin 618 642 PerCP/CyY5.5 A e
SNAFL® -1 (high pH) 576 635

o SensiLight™ P1 545 666
SNARF®-1 (high pH) 575 635 SensiLight™ P3 G e

SpectrumFRed® 655 675
T0-PrRO® -3 642 660
T0-PRO® -5 748 768
ToT0® -3 642 660

SpectrumRed 587 612
sy10® 17 621 634
Texas Red® /Texas Red® X 595 615
Yo-PrO®-3 612 631
yovo®-3 612 631

Omega Optical’s prize-winning poster combines a reference chart
with a stunning montage of laboratory images from scientists who use
fluorophores to study biological structure and function. The images
are grouped in “color families,” yielding a mosaic in the colors of the
visible spectrum. At left a detail presents the characteristic excitation
wavelengths and emission peaks for commonly used fluorophores with
emission peaks in the 585-to-595-nanometer wavelength range. (Images
courtesy of Omega Optical, Inc.)

of-house graphic design firm, Woodward Design. Fluoro-
phores are not neatly divided into universally accepted
categories, so we created “color families” based on the
classification systems of a number of researchers and com-
panies that we found on the Internet. Our image archive
was “mined” for mosaic pieces, which were hand-sorted
by the graphic-art team into the same color families. The
designers came up with the beautiful realization of the
spectrum, which to me looks like the stroke of a paintbrush
or a character of calligraphy, an appropriate metaphor for
the biological images that fluorophores paint.

F. F. Did you consider making this an interactive reference
chart?

C. H. That’s not the first time that question has been asked,
and while we have discussed it as an option we have never
seriously considered turning it into an interactive because
we already have a very useful interactive tool on our Web
site. This tool, the Curv-o-matic, is a database that matches
fluorophore spectral data and the spectral curves of avail-
able filters.
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