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Supporting Online Material

Materials and Methods

Gene synthesis, mutagenesis and screening. A gene encoding IFP1.0 with codons
optimized for Escherichia coli was synthesized by overlap extension PCR (S1). Genetic
libraries were constructed by saturation and random mutagenesis as described (S2) and
DNA shuffling (S3). IFP1.0 and mutants were cloned into a modified pBAD vector
containing the heme oxygenase-1 gene from cyanobacteria. Libraries were expressed and
screened as described (S2). A 676 nm laser was used for FACS screening of large
libraries, with 710 — 900 nm emission filter.

Protein expression and characterization. IFPs in the modified pBAD vector were
expressed in E. coli strain TOP10. Protein purification, fluorescence characterization and
photobleaching experiments were done as described (S2). For quantum yield
determinations, the integral of the emission spectrum (corrected for the wavelength-
dependence of detection sensitivity) of a solution of IFP in PBS was compared with the
analogous integral for an equally absorbing solution of Cy5 in PBS, whose quantum yield
was assumed to be 0.27 (S4). For extinction coefficient determination, the holoprotein
concentration was calculated based on the assumption that the extinction coefficient of
holoprotein at 388 nm was equal to that of free BV, which was measured to be 39,900
M™ cm™ in PBS. This is based on the result that the absorbance by the Q band (670 — 700
nm) decreased by ~10-fold after denaturation while the absorbance at 388 nm did not
change.

Chimera construction and imaging. DNA encoding IFP1.0 with codons optimized for
mammals was synthesized by overlap extension PCR (S1). Other IFPs were created by
QuickChange Multi site-directed mutagenesis. AKT1’s PH domain was fused to the C
terminus of IFP1.4 to generate chimeras IFP1.4-PH*¥™. All the IFPs and chimera were
cloned into pcDNA3.1 vector. HEK293A cells were transfected with IFP cDNAS using
Fugene, then imaged 24-48 hr later on a Zeiss Axiovert microscope with redshifted Cy5.5
filter set (Chroma) and a cooled CCD camera (Photometrics, Tucson, AZ), controlled by
MetaFluor 2.75 software (Universal Imaging, West Chester, PA).

Adenovirus construction. To create adenoviruses expressing IFP1.1 or mKate and
GFP, a transcription unit comprising the IFP1.1 or mKate coding sequence, the poliovirus
IRES, and GFP was constructed by assembly PCR, cloned into pENTR1a (Invitrogen),
and transferred into pAd-CMV-DEST (Invitrogen) by Gateway recombinase
(Invitrogen). Viruses were produced in HEK293 cells by transfection followed by one
round of amplification, purified by anion exchange chromatography (FastTrap
purification kit, Millipore), resuspended in HBSS + 10% glycerol, and stored in aliquots
at -80°C. Titers as assessed on HEK293 cells by GFP fluorescence were 5 x 10™°
infectious units (IU) per mL for each virus.

Mouse imaging. The University of California San Diego Institutional Animal Care and
Use Committee approved the protocol. Albino C57BL/6 mice (Jackson Labs) were
injected with 2x10° infectious units of adenovirus via tail vein. After 5 days, belly fur
was removed using a depilatory cream. Mice were imaged on a spectral imager (Maestro,



Cambridge Research Instruments). The IFP channel was excited with a 650/50 nm
(center wavelength/full width at half maximum) bandpass filter with a 700 nm long pass
filter in series with the imager’s tunable emission filter at 710/40 nm. The mKate channel
was 590/24 nm bandpass for excitation and 620/20 in series with 630/40 nm for emission.
Images for GFP were acquired with 467/45nm excitation and a 515 nm long pass filter in
series with the imager’s 530/40 nm for emission. Images were taken with 3 seconds
exposure. Images for Fig. 3A were acquired before BV and 1 hr after injection of 250
nanomoles of BV, then scaled so that the brightest pixels after BV administration would
display at maximum intensity. mKate and GFP images were first scaled with the same
parameters as the IFP images, then the mKate images were further brightened 5-fold to
make them visible. For fluorescence time course measurement, background-subtracted
images of averaged liver intensity of the same region over liver at different time points
after 250 nmol biliverdin injection was divided by the fluorescence intensity after 1 hour
(Image J, NIH).

For spectral deconvolution, an image cube was collected on the Maestro with
excitation at 620/20 nm and emission at 650-800 nm taking an image every 10 nm.
Fluorescence region and autofluorescence regions were identified and spectrally unmixed
using the instrument’s software, revealing true fluorescent protein signal (displayed in
red) and autofluorescence (displayed in grey).

For fluorescence molecular tomographic imaging (FMT), an Ad5I infected mouse was
anesthetized with ketamine and midazolam, then injected IV with 250 nmol biliverdin in
10% DMSO. One hour later, the mouse was placed in a FMT 2500 imaging system
(VisEn Medical, Bedford MA) and imaged in channel 1 with Prosense 680 settings.
Images were reconstructed and windowed (106 — 167 nM apparent concentrations
depicted in blue to red pseudocolors) to show the 3D distribution of fluorescence viewed
from two different angles (Fig. S9).

After mice were killed, they were dissected and imaged using both IFP and mKate
filter sets at 3 levels during dissection: with the skin on, with the skin removed, and then
with the peritoneum and rib cage removed. Using Image J software, regions of 80x300
pixels were selected from below the liver up to the mid thorax. These regions were
analyzed by plotting the profile. The values were normalized by dividing each pixel by
the average of the last 30 vertical pixels over the thorax. These data represent contrast of
liver to adjacent thoracic background.

Liver histology. Livers were frozen for cryohistology to compare fluorescence protein
signal strength and relative expression. Sections were cut at 10 um and then imaged on a
fluorescence stereomicroscope (Lumar, Zeiss). Filter sets used were ex 470/40 nm and
em 525/50 nm for GFP, ex 560/25 nm and em 607/36 for mKate, and ex 665/45 and em
725/50 for IFP. Images were acquired at 15s exposures for IFP and mKate channels and
3s exposure for the GFP channel, then displayed with intensity enhancements of 2, 1, and
1, respectively. Therefore the relative gains for the IFP, mKate, and GFP channels were
10, 5, and 1, respectively.



SOM Text

Evolution of IFP1.4. Random mutagenesis of IFP1.1 with fluorescence activated cell
sorting using a 676 nm laser resulted in IFP1.2 with 32% increase in quantum yield (QY),
due to an additional M54V mutation. However, the parent of IFP1.2, DrCBD, was
previously shown to be a dimer. Multiple angle light scattering at 785 nm (Dawn 8+,
Woyatt Technology, Santa Barbara CA) of IFP1.2 gave an apparent molecular weight 80
kDa, about twice the predicted monomeric size of 36.5 kDa, suggesting that IFP1.2 was
also a dimer. To monomerize IFP1.2, Leu311 was rationally mutated to a lysine since it is
in the hydrophobic dimer interface based on the crystal structure of DrCBD (Fig. S3).
Size exclusion chromatography (SEC) showed that the resulted mutant (named as IFP1.3)
was eluted later than IFP1.2 (Fig. S3B), suggesting that IFP1.3 is possibly a monomer.
SEC of IFP1.2/IFP1.3 mixture confirmed the result (Fig. S3B). However, the QY of
IFP1.3 was slightly decreased (8%). Another round of random mutagenesis and screening
generated IFP1.4 with increased brightness. SEC (Fig. S2) and multiple angle light
scattering at 12 uM concentration (apparent molecular weight 41.5 kDa + 10%)
confirmed that IFP1.4 is monomeric. A sequence alignment of IFP1.4 with DrCBD is
shown below with internal mutations shaded in blue. The S2A mutation (shaded in red) is
to optimize the Kozak sequence when expressed in mammalian cells, and the C-terminal
hexahistidine motif is to enable immobilized metal ion affinity chromatography.

DrCBD MSRDPLPFFPPLYLGGPEITTENCEREPIHIPGSIQPHGALLTADGHSGEVLQMSLNAAT 60
IFP1.4 MlRDPLPFFPPLYLGGPEITTENCEREPIHIPGSIQPHGALLTADGHSGEVLQVSLNAAT 60
DrCBD FLGQEPTVLRGQTLAALLPEQWPALQAALPPGCPDALQYRATLDWPAAGHLSLTVHRVGE 120
IFP1.4 FLGQEPTVLRGQTLAALLPEQWPALQAALPPGCPDALQYRATLDWPAAGHLSLTVHRVAE 120
DrCBD LLILEFEPTEAWDSTGPHALRNAMFALESAPNLRALAEVATQTVRELTGFDRVMLYKFAP 180
IFP1.4 LLILEFEPTEAWDSIGPHALRNAMFALESAPNLRALAEVATQTVRELTGFDRVMLYKFAP 180
DrCBD DATGEVIAEARREGLHAFLGHRFPASDIPAQARALYTRHLLRLTADTRAAAVPLDPVLNP 240
IFP1.4 DATGEMIAEARREGMOAFLGHRFPASHTPAQARALYTRHLLRLTADTRAAAVPLDPVLNP 240
DrCBD QTNAPTPLGGAVLRATSPMHMQYLRNMGVGSSLSVSVVVGGQLWGLIACHHQTPYVLPPD 300
IFP1.4 QTNAPTPLGGAVLRATSPMHMQYLRNMGVGSSLSVSVVVGGQLWGLIVCHHQTPYVLPPD 300
DrCBD LRTTLEYLGRLLSLQVQVKEA 321

IFP1.4 LRTTLEELGRKLSGQVQRKEAEFHHHHHH 329

Increase of cellular IFP fluorescence by exogenous BV. HEK293A cells were transiently
transfected with IFP1.4 in one 10-cm dish and incubated for 24 hours, trypsinized and
replated into 5 wells of 6-well plate with ~ 400,000 cells per well. After another 24 hours
incubation, different amounts of BV (final concentrations 5, 10, 20, 40 uM) were added,
followed by 90 minutes incubation. Then cells were trypsinized and washed with PBS
and resuspended for fluorescence measurement by a 96-well plate reader with
monochromators (Safire, TECAN). Untransfected HEK293A cells with additions of
exogenous BV were used as controls. Infrared fluorescence of transfected HEK293A
cells increased upon the increase of added exogenous BV concentration and was
saturated at 20 uM, while the untransfected cells did not show infrared fluorescence
either with or without BV (Fig. S6A). Addition of exogenous BV rapidly (within 10
minutes) led to infrared fluorescence of matured P2 cortical neurons, two weeks after



transfection of IFP1.1 (Fig. S6B), which were practically nonfluorescent before addition
of BV.

Half-life of IFP1.4. Cycloheximide (30 pg/ml final concentration) was added to
HEK293A cells 24 hours after transfection of IFP1.4. Infrared fluorescence was fitted
with single exponential decay assuming first-order decay kinetics of protein degradation
(S5) (Figs. S7 and S8). The half-life of IFP1.4 in HEK293A cells with or without
exogenous BV was calculated to be 4.44 and 3.61 hours, whose average is 4.03 £ 0.41
hours.

Multiple sequence alignment. Below, 130 bacteriophytochrome-like sequences from
NCBI database are aligned using DrCBD as the query (S6). It is suggested that readers
zoom in to read the alignment.



Query 1 MSRDplpffpplylgngITTENCEREPII-IIPGSIQPHGALLTADGHSGEVLQMSLNAAT
NP_285374 1

YP_488045 30 .A.IEA
YP 569534 29 LA.IQA
YP_ 533633 28 .V.VEA
NP_442237 20 .A.CTG
ZP:0]62EE25 12 V.FALKEPDLTI..V.D.IFN
NP_486939 11 V. .VLQEVDLTI..V.N.TFN
YP_321522 12 V. .ALQEIDLTI..V.N.TFN
YP:AEEOAA 7 . -..I.FNDDLRAVAV.S.I..
ZP_01459223 7 .G.. V. .AFR.PDRLLEVV.A..QA
NP_948356 28 WAL Y.FVVSETDLRIASV.A.VED
YP:569533 7 .C.. -..I.FNDELK.VAV.S.IGN
YP_779569 10 WAL -..I.FTDDLDTVAA.A.LPD
ZP_01623500 17 S.Qv. I..VLEEP.LKI..V.K.TQS
YP:324352 10 S$.Q.....V..VLEEPDLKI..V.N.TWS
NP_948355 15 ..A.....L..ALAADM-TIVAG.D.LPE
NP_487197 10 NVTSLKEA LS.Q.....V..VLEEPGLKI..V.N.TWG
YP:779570 28 . . YVFVLLERELRIVSV.A.VEK
ZP_01630443 10 FKH. . V..VLEEPDLKI..I.N.TWS
YP_001894923 15 ..G.. F.FSISA-T.TL..V.A.T..
YP:001863766 19 SsQ. V..VLEEPELKI..V.T.TLK
YP_001174646 14 . F..VVSEPDLRIQ.A.E.VRD
ZP_01461267 12 A V. .VLSEPGLVLTHA.E. .PA
ZP:O]73098] 10 V.FVL.ESNLKIV.T.S.TKQ
NP_354963 9 ...VLSAREFS.V.A.D.L.N
YP_608942 13 F..VL.NT.LRI..A.E.TER
YP_ 001668195 12 F..VL.ATDLR...A.E.VEH
YP_001769101 16 F..AVQ.PDLRIV.I.D.VPD
YP_001748669 19 F..VL.EQDLRI..A.D.VER
NP:744505 19 F..VL.ATDLR...A.E.VEH
NP_945475 15 M..V.EQ.DR..HA.A.C.A
YP_001268649 12 F. .E.VEH
NP:79]725 10 L. LA.VOS
YP_ 569510 15 .M .A.C.E
YP_347894 15 L. .A.VE.
YP 001864851 16 I.. .N.TQV
YP_660007 6 Y.. LFEPETLILQYC.E.V.D
YP_236574 10 L.F.LAEPELTI. LALVQ.
NP:792460 15 V. .SVA.DPLCIE.V.A.C.K
YP_275602 10 L.F.LEEPNLTI..V.A.VQS
YP_262277 15 .. . V...LSEPELRIQ.I.A.VEA
ZP:O]OSOA]E 25 K.DLT. .DK. . LAY .FVI.VLNKQLVRA.E.VFD
ZP_01623038 12 DLT..D V. .Q..ID
ZP_01094090 8 KVDLD. .D V. Q..M
YP:235462 20 AALAE.A V.. LALCL.
YP_780275 18 A.A...D
YP_001900695 26 R.V..CLSEPDLRIH.V.E.LEA
YP:ES]QQ] 10 KVDLSS. .K .VIVAY.RK.SKIT.IGE.CKE
ZP_02008304 26 .V..CLSEPDLRIQ.V.E.LE.
YP_001242244 14 JLA. . -Q I..AVKEPDNL.I.A.T...A
YP:676783 12 VNLQ. .DQ. . F.IAITKETW.IRFC.E.VID
YP_570910 21 .D..A .AVTPEDLQIVHAGGET.A
YP_001203744 14 WLA.. . .AVKEPDNV.I.A. ..E
YP:OO]]QS]SO 12 V.LT..DQ . IGLT-! NDWIIDYCTS ISS
ZP_01061101 12 .VSLT..DK .VAC.ASNHTITYC.D.ISA
ZP_01884257 5 QVDLT. .DK .IAV.IQ.YQ.TYV.D.ISA
YP_531190 17 .VVSEPDHC.I.A.A...E
YP_487638 24 . WA .ALAPDDLRIVHA.GDTTL
YP_001135775 22 .DLD. .A... .VVVREPEF..R.V.A.VEE
YP:001361736 20 DL AVERGDI-IR VVA.A.
YP_001196265 12

YP_715500 20

ZP_01227360 24

NP_252806 7

YP_789005 7

YP_001417343 20
ZP 00973293 7

ZP 02055103 182
YP_ 001641522 182 .
ZP 00967488 7 V.LA...
YP 570862 18
¥P 001239104 30
ZP 01439288 24

\GL. PEELRITHAGGDV.G
.V.VSFDWLIQRV.A.IES

YP 245299 13 .VI.PAD.RIV.A.TT..D
NP 639488 13 ..VI.PAD.RIV.A.TT..D
YP 487589 18 ...0.0 _VISEPDHRIV.A.

¥P 001770032 151 .DPDL.A.. . .AC.AATLT.AAC.

YP 001238408 4 QUNLT..D. .ALVSDF-TICMA.

YP 485786 15 .A.RVDTSV.THA.

YP 001346361 7 V.LA. .ALRA-D.M..AA.

YP_ 198931 13 A .VIEPAD.RIV.A.

YP 366123 13 A . .VIEPAD.RIV.A.
NP_355125 12 D... .IAC.NAMRM. .RH.
NP_644587 13 20.. _VIEPAD.RIV.A.

ZP 01302507 17 vDLS. D, ..

¥P 001170431 10 .T.

V. . .
. ALVSDF-TICMA.
VAF..-D.V.RYA.

YP 001204102 5
YP 971319 14

2P 01017885 17 .F.FCLSS-DWSI.KV.
ZP 01157401 11 .C.IAVS..A- -
YP 742336 14 .C.VSL.QRLRRL. .A.
2P 00998358 24 .C.VVLSA-DWI..HA.
NP 946341 4 .C..AC.AQAVRITRI.
YP 611325 16 ...IVQ.PET.LIIGA.
YP 001749437 6 ..C..AC.ASASL. .RH.
¥P 192038 26 .L..VV.ST.LKIIG-
YP 001668821 6 C..AC.ASATV..RH.
2P 01545930 3 .F.I-.TTPDWIISHV.
¥YP 001523831 11 C.TACTPDA.HI.CH.A. ..D
NP 745504 6 C..AC.ASATV..RH.V..PQ
YP 345327 13 RAD. .R.AHA.V.LGE

¥YP 001520152 5 .IAT.K.LESITHV
YP 001267717 7
YP 345384 62 .
YP 001372987 7 M VM. QSGONL . FA.

. LSPDWVIQHA

5
6
=
EELEREE:
Borkmrashacy
i
Q
&

ZP 01864718 7 . IAVNA-DWFLA.R.A.1OS
YP_ 769292 12 .F..AVSS-DWI.MRA.A.L.E
2P 00208733 13 0G..S. ....RL.P-D.Q. SHA CGA
2P 01726549 7 QLNFDR. .D.... ¥.FALEEQ.

NP 946838 30 ALAPADLTIVHAAGAT s
YP 745313 24 F.1-.VSRLWN.THV.A.I.D

ZP 01041311 13 .GM.VINSE-WVIS.R.V.C.K

2P 01748188 18 ..D... ....AVTT-DWI.QHA.E.LGD
2P 01109672 11 .R..D .F.IAFSYDDLNISIV.E.CE.
2P 01884592 12 .Y..IL.IEDLK.I.A.E.TDA
YP_ 677848 11 .F..VC.P-ALI...V.D..EA
ZP 01110306 12 Q...D. . YVIAINPDTKK.QVF.E. IKD
2P 01109728 15 DK.. .FMVIV.-KA.V.THL.E.LEH
YP_ 427322 17 .DQ.. F.VVL.SK..RIA.VTPGIEA
2P 00514108 20 ....V..VI.IKTFTII.V.E.TKR
2P 01043109 10 -EAMK. AK .VQA.QCV.EN.M. .AV.KRG.QIIAV.D.SDA
2P 01051640 19 ...EWIE.V.S..V..AF.FD.LI.THA.K.LD.
ZP 01736013 12 .KKRLQET.F. ..Q.V..AL.SQFF-IQHC.E.VDE

2P 01446334 18 D.D..... QL.RV.SY....-.LSTDWI.QHA.E.LEA




Query

NP 285374
YP_ 488045
¥P 569534
YP 533633
NP~442237
2P_01628825
NP_486939

ZP_01623500
YP 324352

NP 948355
NP_487197
YP_779570

ZP 01630443
¥P 001894923
¥P 001863766
YP 001174646
ZP 01461267
2ZP_01730981
NP 354963

YP 608942

¥P 001668195
¥P 001769101
YP 001748669
NP_ 744505
NP~ 945475

YP 001268649
NP_ 791725

YP 569510

P 347894

¥P 001864851
YP 660007

YP 236574
NP~ 792460

YP 275602

VP 262277
2ZP_01050418
ZP 01623038
ZP_01094090
YP 235462

YP 780275

¥P 001242244
YP 676783

YP 570910

YP 001203744
¥P_001196150
ZP_01061101
ZP 01884257
YP 531190

YP 487638

YP 001135775
¥P 001361736
YP 001196265
Y 715500
2ZP_01227360
2P 01728373
NP 252806
¥P_789005

YP 001417343

YP_487589
YP_001770032
YP 001238408
YP 485786

¥P 001346361
YP 198931
YP 366123
NP_355125
NP 644587
ZP_01302507
YP_001170431
¥P 001204102
YP 971319
2ZP_01017885
ZP 01157401
YP 742336
2P_00998358
NP 946341
YP 611325
YP_ 001749437

2P 01864718
YP_ 769292

ZP_00208733
2P 01726549
NP 946838

P 745313

ZP_01041311
ZP 01748188
ZP_01109672
2P 01884592
YP 677848

ZP_01110306
2ZP_01109728
YP_427322

ZP_00514108
2ZP_01043109
ZP_01051640
ZP_01736013
2P 01446334

FLGQEPTVLRGQTLAALLPEQWPALQAALPPGCPDALQYRATLDWPAAGHLSLTVHRVGE

V. LS.EAVLAEP.S.H.SADSA..SGD.AAAN.LHVEF- - -  TSSGTRTFNGIL.
ETALAEP.S.YMT.SFAL.R. ..SDDD.IR.EF-L.KSA.I.--FNGIL
. .EAVLS.SI...MTASFER.T.V.--AS..LAAFNPI.TSKGVRVCNGIM.
I..RS.ED.L.R..GEVFDS.IDPI.SR.TA.QISS.NPSKL--.ARVMGDDFVI.
LF.LH.EE.LNKN.NYF.ETDQIS . ESLVQEDL . IVNPIEL . INLKNEPNFDGII .
I..RH.EQ.LN.H.SC..E..LSL.KDC.---AQED..IINP.EFIIKS.FDVIA.
. .RH.EQ.LN.H.SC..E..INL..DC.TQ---ED..IINP. EFIIKS.FDVIA.
.ADLG.DD.L.RS. ...DADSOAR. Rs MAS 5.V.IRL. RR ---DAEFTGLHW .
L..RP.ET.L..PVGRV..A. .EP.V.V
L.R.P.AS.LNVPI.HY.TAASA. .TH. HG D.A.INI. LDVVT DGERFNGIL.
.VDL..GE.L..S.K..DSDSHMR.RK.MAS.S.I.TRLH- FTGLW
{A.LH.SQILORPI.E. .DDESAH.RRS. .D.VAGS . LPIRFAQRRE . EFTG. W
VF.IS.EQMLEK..ED...F.IERI.TG.---FQ.N.D.NP.KI.IRIRGDEYV
I..IKTEDILQKK.ED..DS.IERI..G.SS.N.TKIWI.KKG.DY.V--FDAVF
LT.LAIGA.I.RSA.DVFD.THNR.TI. .AE.A.I.VGFTMRK.AGFV. ----SW.
I..INAENILQKK.ED..DS.IERI.SG.SS.N.TKIWI.KKG.DY.V--FDAVF.
L..VP.EAVLAAP.SSF.SDSSL. .ST. .SKEDIA.ANPIRIELHT. . . ERQFNL

.F.IERIKTG. SGENL FIN--P KV. VRKKGDEYV
.L..P. JIE--RI.. DVQ.TL.G. .D.A.MA.
_NGAEQ L AP _GHFISVREP.E.D RSARLKQ. NPLKVV .RVD.FFDGIA.
.IT.EEIIKL. .DNIFDS.IEQ.KTG.ESNNL.FIKLW.RV.GDNYVIFDGVF .
.VDLPIGAVA.E.N.---PFISVLS.WYS.EESNFR.A K.DVSA.
VP, .RAFD. .VS.DFDLR.TS. .EDF . FHIDV . LREGA.CQAP . RVLA.
.CPF.N.VSDGFD- .H.H.ARLPE.EIDV.LRQGA.HSEP . H.LA.
.P.REAF. .LRD.VASGMAEHAEEGAR.LR. .TL.T.YD.A.--.
.L.C.F.DVVSDSFD-.R.H.E..-D.VFPFHIRNGA.CGDR.R.LT.
.LPARE.I.CHF.D.VH.GFD- .H.H.TRLPE.EVDV.LROGA. ISAL.HML. . CI
.KP.EAVI.API..V.GAG.HE.LGS.HDSG.VNIARESF .GSDQGW. .F--A.
.LPARE.I.CHF.D.VH.GFD-.H.H.TRLPE.EVDV.LRQGA . ISAQ.HML. . CHD
.KV.DQ.A....DCV.GAG.A--EVIRSTSAN.S.VDVPR.LMSVE . EFEALL.
.KPLEAVV.S.V..V.GPA.RD.T.T..LDSGPVNIA.ESFVGTER. -FN.FA.
L.ARPAQE.I..P.QS.IGDAHA.QVR ---E...QA.LS.A.PL-.FR.NL
¥.CKA.ED.L.RP.SY...QPVEIVKQC.VKKVGS . NAFKVLINTLYGEYFDAIA .
LMQCSLDA L..S.DSIFDREFATKVK. .DAALAQ. .NSNT.IKTQSTYNAI .SL
. .HV.EQ.L.KG.DCV.GAG.AEVS.SAHDSFI. .QRLLMSIN- - -GIEFEALL. . H
s..L.SAE.L..P.SI..SAAHSM...YSQ.AM.NSDPI.L.V---R.VDYNASLS
V. .HA.EHVL.KG.DHV.GAG.AEVS.SAHDSFV. .QRLLM.VN- - -GIEFEALM.
L. P - .DT.GQRI.EV.QL.RLS. .AVNL. .HQG
L.SRKREDIHTI. .KDIFGPSA.TIASHIEG- -KNTQ. IEAEVV . KRYVVI . YREN
...V.AQS.L.KK.NDIFVD.AVSQNIDFDYFN. FETRPKN. SCY
L..RKV.LTEAR.A..IISQES..VVVPIDG.ATIGREDE-NIRHT. .A.
EF.MAADE.L.KP.SW..... SALIDH.YG.AA.HIDPIKL.I---GTA.Y.ASLQ.ADD
\R.KQVL.D.DL.IRI..HLD.D.DR-..I.N.T.-EFDCL. HR PE G.VVEFE.A.P
A..TPA.A.QAPVDHVIGTAGREV.ER. .GTHSI.GHP.IG GHA. DAV . . .HKG
LF.ISAED.L..G.ESIFSKN-- -VTQRITNS . KEDGVF IEET KKFIVIPQIS
. TPAAA. QAPVDHVTGAAGREV.ER. .ATQSI.GHP.IG..QT
. .NTNSV. .G.DLALQI . .HLNGP.HL PMTL. CAVGT.PR RVDC.I.
.1.LSHKQ.L.KKITEIFDDIFKVI. - - .K.YAVGESK. IQGKTEEFDF . A. QNED
L..VSIES.A.VSAFTIFSD.IAR.R.L.G.DRKIERPLH. . .KAAD.TPVDVV. .QASG
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YP_ 488045
YP 569534
YP 533633
NP_442237
7P 01628825
NPT486939

NP 948355
NP_487197
YP_779570
ZP_01630443
¥P 001894923
YP 001863766

YP 608942

¥P 001668195
¥P 001769101
YP 001748669
NP~ 744505
NP~ 945475

YP 001268649
NPZ791725

¥P 569510

YP 347894

YP 001864851
¥P_660007

YP 236574

NP~ 792460

YP 275602
ZP_00516991
YP 262277
ZP_01050418
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ZP_01094090
YP 235462
YP_780275
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YP 861991
2P_02008304
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NP 285374
YP_ 488045
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YP 533633
NP~442237
2P_01628825
NP_486939

ZP_01623500
YP 324352

NP 948355
NP_487197
YP_779570

ZP 01630443
¥P 001894923
¥P 001863766
YP 001174646
ZP 01461267
2ZP_01730981
NP 354963

YP 608942

¥P 001668195
¥P 001769101
YP 001748669
NP_ 744505
NP~ 945475

YP 001268649
NP_ 791725

YP 569510

P 347894

¥P 001864851
YP 660007

YP 236574
NP~ 792460

YP 275602
ZP_00516991
YP 262277
ZP_01050418
ZP 01623038
2P_01094090
YP 235462

YR 780275
¥P_001900695
YP 861991
ZP_02008304
YP_ 001242244
YP 676783

¥P 570910
YP_ 001203744
YP 001196150
ZP_01061101
2ZP_01884257
YP 531190

YP 487638
YP_001135775
YP 001361736
YP 001196265
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ZP_01227360
2P 01728373
NP 252806

YP 789005

Y¥P 001417343
2P_00973293
ZP_02055103

NP_355125

NP 644587
2ZP_01302507
¥P 001170431

YP_001520152
YP 001267717

YP 745313

ZP_01041311
ZP 01748188
ZP_01109672
ZP 01884592
Y 677848

ZP_01110306
ZP_01109728
YPT427322

2ZP_00514108
ZP~01043109
ZP_01051640
ZP_01736013
ZP_00051672
ZP 01446334
YP 561241

YP 478662
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Fig. S1 Dark and light adapted behavior of IFP1.0 and IFP1.4. Absorbance spectra at
different time points were taken in the dark (0 — 30 min.), upon 615 nm light illumination
by solar simulator (30 — 40 min.), and then in the dark again (40 — 70 min.).
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Fig. S2 Size exclusion chromatography of IFP1.0 and1.4. Three standards are also

shown: y-globulin (158 kDa), ovalbumin (44 kDa) and myoglobin (17 kDa). Absorbance
was measured at 280 nm.
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Fig. S3 IFP monomerization by L311K mutation. (A) The dimer interface in DrCBD is
formed from 4 residues (Y307/L311/L314/Vv318). (B) Size exclusion chromatography of
IFP1.2, 1.3, 1.4 and a mixture of IFP1.2 and 1.3.
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Fig. S4 Evolution of IFPs showing the mutations introduced at each stage.
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Fig. S5 pH dependence of IFP1.4 fluorescence. IFP1.4 was excited at 640 nm and its
emission at 700 - 800 nm was integrated, normalized and plotted against pH.
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Fig. S6 Increase of IFP fluorescence by addition of exogenous BV. (A) IFP1.4-
transfected HEK293A cells indicated increase of fluorescence upon addtion of exogenous
BV, with untransfected cells as the control. IFP fluorescence was integrated from 695 to
800 nm upon excitation at 660 nm. (B) Fluorescence image of a P2 cultured cortical
neuron 2 weeks after transfection of IFP1.1, 10 minutes after addition of 25 uM BV.
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Fig. S7 IFP1.4 degradation in HEK293A cells with 20 uM BV added.
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Fig. S8 IFP1.4 degradation in HEK293A cells without exogenous BV.



Fig. S9 Noninvasive fluorescence molecular tomographic (FMT) imaging of IFP-
expressing mouse liver. Blue, green, and red arrows indicate rostral-caudal, left-right, and
dorsoventral axes, respectively. Left: top view. Right: tilted view to show the 3D
localization of fluorescence within the mouse.
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Fig. S10 IFP/mKate fluorescence images before dissection (skin on), after removal of
skin (skin off), and after removal of overlying peritoneum and ribcage (liver exposed).
mKate images were 2.5X brightened relative to IFP images. Note that Ad5I infected
mouse was imaged after 250 nmol IV injection of BV.
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Fig. S11 Imaging of extracted livers infected with Ad5I and Ad5K.



Table S1 Properties of infrared fluorescent protein variants.

Fluorescent ~ Absorption Extinct. Emission Quantum Relative Stoichiometry
Protein max. (nm) coeff. max. (nm) yield brightness
(Mtem?) (%)
IFP1.0 699 60,000 722 0.028 100 Dimer
IFP1.1 686 86,000 713 0.050 256 Dimer
IFP1.2 684 86,000 707 0.066 338 Dimer
IFP1.3 684 84,000 707 0.061 305 Monomer

IFP1.4 684 92,000 708 0.070 383 Monomer
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