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Figure S1. *H-NMR spectrum of_* (25°C, 200 MHz, BO)

Figure S2. UV-Vis absorption spectrum of L* labelled strept@iviin TRIS/HCI 0.01 M, pH
7.4 buffer.

Figure S3. Excitation spectrum\em = 545 nm) of TbL* labelled streptavidine in TRISZH
0.01 M, pH 7.4 buffer.

Figure $4. Time-resolved (delay = 10 ps) emission spectruth@fTbL* labelled

streptavidine in TRIS/HCI 0.01 M, pH 7.4 buffelefc = 330 nm).

Figure S5. Tb based emission decay profile of the TbL* labeltreptavidine in TRIS/HCI
0.01 M, pH 7.4 bufferXexc = 330 nm andeny, = 545 nm).

Figure S6. MALDI-TOF mass spectra of AB1 (A) and AB1 labelleith L* (B). A shift of
ca 2500 Da is observed for labelled antibody in tkgamded region.

Figure S7. UV-Vis absorption spectra &f3 (blue) and Th 3 (violet) and luminescence
spectra of Th3 (greenAexc = 328 nm) in TRIS/HCI 0.01M at pH 7.4

Scheme S1. Full *H-NMR assignment fok. 3 andL *.

PL decay timeanalysis
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Figure S1. *H-NMR spectrum of_* (25°C, 200 MHz, BO)
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Figure S2. UV-Vis absorption spectrum of TbL* labelled stregtin in TRIS/HCI 0.01 M,
pH 7.4 buffer.
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Figure S3. Excitation spectrum\em = 545 nm) of TbL* labelled streptavidine in TRISZH
0.01 M, pH 7.4 buffer.
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Figure $4. Time-resolved (delay = 10 ps) emission spectruth@fTbL* labeled
streptavidine in TRIS/HCI 0.01 M, pH 7.4 buffer.
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Figure S5. Tb based emission decay profile of the TbL* labeltreptavidine in TRIS/HCI
0.01 M, pH 7.4 bufferXexc = 330 nm anden, = 545 nm).
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Figure S6. MALDI-TOF mass spectra of AB1 (A) and ABL1 labelleath L* (B). A shift of
ca 2500 Da is observed for labelled antibody in tkgamded region.

Absorption and emission spectraof TbL,
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Figure S7. UV-Vis absorption spectra @f3 (blue) and Th 3 (violet) and luminescence
spectra of Th3 (greenAexc = 328 nm) in TRIS/HCI 0.01M at pH 7.4
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Scheme S1. Full *H-NMR assignment fot. 3 andL *. The asterisks denote the fact that the
signals can be hidden by the peak of the water,multiplet.
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PL decay time analysis. The decay time analysis in the donor and accegtannel was
performed as described in reference 41 (from theusaipt). All decay curves were fit using

a multi-exponential PL intensity decay function:
| =% A exp(-thi) = A Z a; exp(-th) 1)

whereA is the total amplitude and;, are the amplitude fractionZd; = 1). All PL lifetime
averaging for the dynamic FRET quenching processpeaformed using amplitude weighted

average lifetimes:
<T>=30T (2)

First the decay curve of the pure Tb donor waadihg a double-exponential decay function,
which led to the amplitude fractiorsy; and ap,, the PL decay timesp; and 1p, (with

Tp2 > Tp1) and the average PL decay time of the pure danathé absence of the acceptor)
<1p>. The FRET-quenched decay curves in the donorctietechannel were fit using a
triple-exponential decay function, leading to tmepéitude fractionSupas1, Opax2 and Opass

and the PL decay timapai1, Tpaz and 1pas, for which the third decay time component was
fixed to Tpas =Tp2 in order to take into account the emission of wmphed donors. For the
calculation of the average donor decay time ingresence of the acceptorygs> only the
first two amplitudes and decay times were used tfas third component represents
unquenched donors). Therefore the amplitude frastroust be redefined for these two decay

timestpar andtpaz:

A pp- s
app = —2DA  and Appyr = — DAz (3)
+q a +q
Aban DA*2 DA*L DA*2

As the unquenched donor possesses two decay timgorents {p; andtpy), <tpa> must be

corrected for the shorter time componeti;( by a factorz, (the fraction of unquenched
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donors in the short time components), which is rieteed by comparing the amplitude

fractions oftp, andtpas (Tpas = Tp2) Multiplied by the amplitude fractiomp;:

Zp = dp1(Opas3/ Op2) (4)

The average FRET-quenched decay time is then:

<T > — Toailoar T Apaslons =%l (5)
DA 1-27,
and the average FRET-efficiency is:

(Ton)

(Merer) :1_<T—D> (6)
The FRET-sensitized decay curves in the accepttectien channel were fit using a
quadruple-exponential decay function, leading ® dmplitude fraction8ap+, Oap*1, Aap*2
andaap+3 and the PL decay timaspo, Tap1, Tan2 andtaps, for which the fourth decay time
component was fixed tonpz = Tp2 in order to take into account the emission of wmphed
donors, which is much less intense compared tadtdmr channel but still present due to
spectral crosstalk of the Th emission in the dyeeptor detection channel. The correction
factor zy (the fraction of unquenched donors in the sharteticomponents) is almost
negligible but is still taken into account for amxt treatment:

Zp = Op1(0ap+3/ Op) (7)

In order to calculate the average FRET decay timg><only the amplitudes and lifetimes
with i =0 to 2 are taken into account=(3 represents the unquenched donor emission).
Moreover, the amplitudesap« must be corrected by the FRET rakes 1fapi - 1/<tp>, to
take into account the dependence of the excitatibrihe acceptors (and therefore the
amplitude fractions) on the different FRET efficteas for the different distances

(corresponding to the decay tingg;). The corrected amplitude fractions are {fer0O to 2):
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The average FRET decay time is then calculated by:

<T > — O lao1 T Ono2Tan2 T Opanslans ~Zalm (9)
AD/ — 1-

- - - ZA
and the average FRET-efficiency is:

<,7FRET> =1- <<T;D>> (10)

For each FRET decay time the donor-acceptor distgrean be calculated by:

r, :(TX—RSJ (11)

z-D - z-x
wherety represents the different lifetimegaj, Tapi, <tpa> Or <tap>. The fractions of FRET-
pairs found at the different distances correspandim 1psi and Tapi are given by the

amplitude fractions of these decay times.



Donor Channel Ro(nm) 53 Decay time fit results and calculated FRET parameters for AF647 as acceptor

Complete decay timefit data and resulting FRET data an distances
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Channel 25-3999 fixed decay background intensity information
TPSA .
porpAl v R A Opasy | Opar <Tpa A; | Opas| <T5> | 2(D) averaging % .00, | % TC0, | % T,
D 0.00 2955 2679 0.91 2738 0.000 0.019 0.98
DA 2.00 289 155 0.06 0.37 447 2950 2302 0.85 2567 0.08 0.006 0.020 0.97
DA 4.00 263 336 0.13 0.44 631 2950 1929 0.72 2296 0.07 0.014 0.063 0.92
DA 6.00 278 500 0.19 0.47 718 2950 1516 0.59 2029 0.06 0.027 0.120 0.85
DA 8.00 251 648 0.25 0.47 704 2950 1232 0.47 1766 0.05 0.035 0.175 0.79
DA 10.00 263 738 .. . 731 2950 1004 0.40 1608 0.04 0.048 0.227 0.73
DA 12.00 253 688 .. . 698 2950 1054 0.43 1656 0.04 0.042 0.200 0.76
DA 14.00 265 663 .. . 693 2950 1142 0.46 1720 0.05 0.041 0.179 0.78
DA 16.00 255 657 .. . 699 2950 1164 0.46 1725 0.05 0.038 0.183 0.78
DA 18.00 238 631 0.25 0.47 671 2950 1220 0.48 1757 0.05 0.033 0.166 0.80
DA 20.00 236 552 0.22 0.45 660 2950 1299 0.51 1835 0.05 0.028 0.147 0.82
253 | 557 022 046 | 1021 | 633 | 025 | 054 | 665 | 2950 | 1386 | 053 005 | 670 | 076 00 | 0148 | o082
distance r 3.6 5.0 4.4
Acceptor Channel
Channel 25-2500 fixed decay background intensity information
TPSA .
Toa | (v To A, Onoro | Kerero | Olano A, Onowz | Kererz | Olaoz | <Toa RS A; | Oups | Z(A) averaging| |%T.[0n| % T, %Tlo | %Tih
2738 2.00 49 267 0.36 .0202 | 0.058 858 118 0.16 0.00080 0.64 622 2950 75 0.103 | 0.0103 0.033 0.16 0.25 0.56
INNwm 4.00 57 574 0.39 .0172 Io.owo 858 233 0.16 0.00080 0.61 603 2950 74 0.050 | 0.0050 0.056 0.23 0.34 0.37
INNum 6.00 54 867 .37 .0180 .066 833 359 0.16 0.00083 0.59 574 2950 73 0.032 | 0.0032 0.060 0.29 0.38 0.27
INﬂwm 8.00 66 1264 . .0148 .091 869 403 0.14 0.00079 0.55 575 2950 67 0.023 | 0.0023 0.089 033 0.37 0.21
INﬂwm 10.00 60 134 . .0162 .078 858 466 0.14 0.00080 0.55 565 2950 64 0.019 | 0.0019 0.079 0.35 0.39 0.18
INNum 12.00 59 122! . .0167 .077 846 443 0.14 0.00082 0.57 568 2950 61 0.020 | 0.0020 0.077 0.33 0.40 0.19
INNum 14.00 67 127 0.4: .0146 .093 873 394 0.13 0.00078 0.54 572 2950 62 0.021 | 0.0021 0.092 0.34 0.37 0.20
INﬂwm 16.00 58 117: 0.39 .0168 .072 851 445 0.15 0.00081 0.57 573 2950 65 0.021 | 0.0021 0.072 0.33 0.40 0.20
2738 18.00 65 1179 0.42 0.0150 | 0.086 904 370 0.13 0.00074 0.55 595 2950 61 0.022 | 0.0022 0.085 0.34 0.37 0.20
2738 20.00 61 1020 0.39 0.0161 | 0.076 837 395 0.15 0.00083 0.57 566 2950 66 0.025 | 0.0025 0.072 0.31 0.39 0.23
60 1020 0.40 0.0166 | 0.077 242 1075 0.42 | 0.00378| 0.35 859 363 0.15 0.00080 0.57 581 2950 67 0.034 | 0.0034 581 0.79 0.071 0.30 0.37 0.26
distance r 2.8 3.6 4.7 4.2
Donor Channel Ry(nm) 71 Decay time fit results and calculated FRET parameters for XL665 as acceptor
Channel 25-3999 fixed decay background intensity information
TPSA o
voroa| 1 MR A, | Opws | Oow <ol A; | Opass| <to> | 2(D) averaging 9% T,0t, | % TL0| % TLh
D 0.00 3164 1251 0.81 261 0.000 0.014 0.99
DA 2.00 134 308 0.20 0.62 433 3160 1079 0.69 230: 0.16 0.011 0.048 0.94
DA 4.00 149 353 0.22 0.53 628 3160 937 0.58 210¢ 0.13 0.016 0.109 0.88
DA 6.00 174 363 0.23 0.46 810 3160 758 0.49 195 0.11 0.021 0.191 0.79
DA 8.00 193 371 0.24 0.40 926 3160 597 0.39 1807 0.09 0.026 0.284 0.69
DA 10.00 197 .. . 963 3160 439 0.29 1600 0.07 0.035 0.392 0.57
DA 12.00 197 .. . 1006 3160 394 0.26 1565 0.06 0.035 0.441 0.52
DA 14.00 195 .. . 1010 3160 357 0.25 1539 0.06 0.036 0.458 0.51
DA 16.00 198 .. . 997 3160 361 0.25 1535 0.06 0.037 0.451 0.51
DA 18.00 202 423 0.28 0.38 1001 3160 380 0.25 1548 0.06 0.037 0.445 0.52
DA 20.00 188 429 0.29 0.39 971 3160 375 0.26 1530 0.06 0.036 0.436 0.53
183 | 393 026 | 043 | 1378 | 554 | 037 | 057 | 874 | 3160 | 568 | 037 008 | s30 | o064 00 | 0326 | 065
distance r 4.7 7.4 6.6

Acceptor Channel

10

Channel 25-2000 fixed decay background tensity information

Toa w._..w_\w To A, Oporo | Kerero | Oaoo Ay | Oppz | Keperz | Oaoz | <Ton RS A; | Ouprs| 2(A) averaging | |%T.0ou| %100 % T, | % Tl
%614 | 200 | 17 210 035 | 0.0571 | 0026 746 | 105 | 0.9 00009 0.76 604 | 3160 | 46 | 0086 | 0.0195 0014 | 011 | 031 057
2614 | 400 | 29 241 033 [ 00344 | 0025 857 | 170 | 024 [000078] 078 706 | 3160 | 54 | 0074 | 0.0169 0019 | 014 | 039 045
%614 | 600 | 39 282 034 | 0.0252 | 0028 959 | 206 | 024 |000066] 0.77 790 | 3160 | 54 | 0064 | 0.0145 0024 | 016 | o044 038
2614 | 800 | 35 283 ¥ 0283 | 0.020 944 | 264 | 027 [000068] 0.79 791 | 3160 | 60 | 0061 | 0.0139 0019 | 016 | 047 035
2614 | 1000 | 35 318 ¥ 0279 | 0.020 988 | 289 | 0.7 000063 0.80 833 | 3160 | 60 | 0056 | 0.0128 0019 | 016 | 049 033
2614 | 12.00 300 ¥ 0215 | 0.024 945 | 320 | 030 [000068] 081 803 | 3160 | 66 | 0061 | 0.0139 0022 | 015 | 049 034
2614 | 14.00 311 ¥ 0227 | 0.024 991 | 280 | 027 |0.00063] 079 832 | 3160 | 59 | 0.058 | 0.0132 0024 | 016 | 049 033
2614 | 16.00 284 E 0243 | 0.021 965 | 207 | 029 |0.00065] 0.80 818 | 3160 | 61 | 0.060 | 0.0136 0020 | 016 | 049 033
2614 | 1800 | 37 263 026 | 0.0270 | 0017 975 | 300 | 029 |o000064] 0.81 828 | 3160 | 60 | 0059 | 0.0134 0016 | 016 | 050 033
2614 | 2000 |39 304 030 | 0.0251 | 0021 1034 | 272 | 027 | 0.00058] 0.80 872 | 3160 | 54 | 0.053 | 0.0121 0021 | 017 | 050 031

36 280 031 | 00293 | 0.023 | 227 | 343 | 037 |000410| 0.9 | 940 | 250 | 026 |0.00069| 0.79 788 | 3160 | 57 | 0.063 | 0.0144 | 796 0.70 0020 | 015 | 046 037
distance r 35 4.8 6.5 6.3




