10 20 30 40 50 60 70 80
1 1 1 1 1 1 1 1
GFP wt  MSKGEELFTGVVPILVELDGDVNGHKFSVSGEGEGDATYGKLTLKFICTTGKLPVPWPTLVTTFSYGVQCFSRYPDHMKQ 80

EGFP L R 80
ShGFPL T i i B e 80
NF_hGFP T......... L B R R 80
sfGFP o Roooooi, N A R 80
shGFPZ2  T......... T...Keoooooooooa, Rooooooi, B R R 80
sinGFP1 T......... T...Keooooooaooiat, Koooooon B LT....... Kooooo. K 80
sinGFP4a T......... T... Koo oooooit Koooooo B LT...... AK...... K 80
910 1?0 1]1.0 1%0 13150 14110 1?0 1(?0
GFP wt  HDFFKSAMPEGYVQERTIFFKDDGNYKTRAEVKFEGDTLVNRIELKGIDFKEDGNILGHKLEYNYNSHNVYIMADKQKNG 160
o 160
shGFP1 ... ... oot B e R.E....... 160
NF_hGFP ... ... .o, Eor N R.E....... 160
sfGFP ...l Soo.. T Foooonn T.oo.oo... 160
shGFPZ ... ... .o il E..... T Neoooooioaonn H..... R.E....... 160
sinGFPL ........ ... . L E..... T...Keoooooooint K.o.o... Neoooooooain H.o.... K.E....... 160
sinGFP4a ............ T..... E..... T...Keooooooooot, K.o.o.o.. Dovevvniioi, H...D.K.E...E... 160
1?0 15130 1910 2?0 2]1.0 2%0 23?0
GFP wt  IKVNFKIRHNIEDGSVQLADHYQQNTPIGDGPVLLPDNHYLSTQSALSKDPNEKRDHMVLLEFVTAAGITHGMDELYK — 238
o Kiooooooo Lo.o.oo.. 238
shGFP1 ... ... . it K Kiooooooo K.E..RD. 238
NF_hGFP ............... Q.E...Kiovovnintn. Q..... Neoooo i Kiooooont K.E..RD. 238
sfGFP B Ve Ve 238
shGFP2 .. A....... Vooo.QE...Kee ool Rovoooonit TT.ooooioit Kioooooot K.E..RD. 238
sinGFP1 .. A....K..V....Q.E...K........... Kooooooooo TT.. ... K.o.o.o.. Kiooooooo K.E..KD. 238
sinGFP4a ..A....K..V....E.E...K.E......... Koo T....TT.....a Kooo.. K.T.o.o..o... K.E..KD. 238

Sequence alignment A: Design of super-inert GFP variants

Figure shows sequence alignment of the key variants. Starting point was EGFP (enhanced GFP; Mutl in Cormack et
al., 1996) carrying an additional dimer-suppressing L221K mutation (Zacharias et al., 2002). shGFP1
(superhydrophilic GFP 1) combines eight mutations of hydrophobic residues to hydrophilic ones. NF_hGFP was an
attempt to make GFP even more hydrophilic, however, this variant was non-fluorescent when expressed at 37°C and
nearly non-fluorescent at 18°C. Random mutagenesis and selection identified numerous fluorescence-enhancing
mutations, the most hydrophilic of which as well as the dominating N200Y reversion were accepted and combined
into the shGFP2 variant, which passed NPCs already = 7-fold slower than EGFP and 2-fold slower than mCherry.

SinGFP1 (super-inert GFP 1) was derived from shGFP2 by 10 R>K exchanges. SinGFP4a was derived (in several
steps) from sinGFP1 by increasing its negative charge (by 5 units) as well as by mutating additional exposed
hydrophobic residues to hydrophilic ones. SinGFP4a passes NPCs 35-fold slower than EGFP and 10-fold slower
than mCherry.

S72A, Y145H, V163A, and S205T are fold-enhancing mutations of non-exposed residues. S30R, N105T, V163A
and 1171V are superfolder mutations (Pédelacq et al., 2006), while S30K, Y39E, FO9E, M153E, Y145H and A206T
represent alternative changes at 'superfolder positions'.

Data S1, related to Table 1, Figures 1-6 and S1-S3
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EGFP
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EGFP
efGFP

efGFP_
efGFP_
efGFP_
efGFP_
efGFP_
efGFP_
efGFP_
efGFP_

10 20 30 40 50 60 70 80
TSKGEELFTGVVPILVELDGDVNGHKFSVSGEGEGDATYGKLTLKFICTTGKLPVPWPTLVTTLTYGVQCFSRYPDHMKQ 80

............................. A P -1
BW R e Hoooooo. 80
SW Rovoooooii W Hoooooo 80
W Roooooonit W Ho.ooooo. 80
8Y Rovoooonit Y e Hoooooo. 80
8F Rooooooit Foo Hoooooo. 80
8L Rovoooooii L e Hoooooo 80
8l Rooooooaot L. Ho.ooooo. 80
M Rovoooonot Mo Hoooooo. 80

90 100 110 120 130 140 150 160

HDFFKSAMPEGYVQERTIFFKDDGNYKTRAEVKFEGDTLVNRIELKGIDFKEDGNILGHKLEYNYNSHNVYIMADKQKNG 160

.................. Y E. LA e Pl 160
3W L O Foovrrniiiiin, 160
S5W WY E. A e e FooWeooooooii, 160
W L FooWeooooooia, 160
8Y R £ e 160
8F T T 160
8L R Fooleooooooian, 160
81 o I P e 160
M MY . E. A e Foo Moo, 160

170 180 190 200 210 220 230

IKVNFKIRHNIEDGSVQLADHYQQNTPIGDGPVLLPDNHYLSTQSALSKDPNEKRDHMVLKEFVTAAGITLGMDELYK 238

GACNTLLWVLLLEV L Noo Koo G.... 238
3W CLAWNT. ..V BV NW.K o G.... 238
S5W LLAWNT...Vo LBV NW.K G.... 238
W LAWNT...V....E.V.Wo oo NWK W Wo.o.oo.ooo. G.... 238
8 LLAYNT...V....EV.Y. oo A ) G.... 238
8F .LAFNT...V....E.V.F. o i N.FKCF oot Fooooiat G.... 238
8L .LALNT...V....E.V.L..ooiiiiiiiiiiii, 1 O Loooonnt. G.... 238
81 LLAINT...V....EV.I. ..., NIK I, I........ G.... 238
&M L AMNT...V....E.V.Mo . .o NMKC Moo Moo, G.... 238

Sequence alignment B: Engineering of super-hydrophobic GFP variants

The aim was to obtain GFP variants that bind FG domains well enough for a rapid NPC passage. Placing eight

ectopic tryptophans onto the GFP surface lead, however, to an essentially non-fluorescent variant. Seven rounds of

random mutagenesis and selection identified a set of 15 second-site-mutations that made the GFP_8W variant highly

fluorescent. The new scaffold is called efGFP (for enhanced folding of hydrophobic GFPs). Several derivatives were
analyzed, namely efGFP with 3, 5, or 8 tryptophans 3W, 5W, 8W) as well as with eight tyrosines (8Y),
phenylalanines (8F), leucines (8L), isoleucines (8i) or methionines (§8M).

Data S1, related to Table 1, Figures 1-6 and S1-S3



10 20 30 40 50 60 70 80

1 1 1 1 1 1 1 1
GFP wt MSKGEELFTGVVPILVELDGDVNGHKFSVSGEGEGDATYGKLTLKFICTTGKLPVPWPTLVTTFSYGVQCFSRYPDHMKQ 80
sfGFP Roooooo. N P R 80
frGFP1 TR R...R..oott N.R...R...... Re RR 80
sffrGFP4 TR R...R..ooitt N.R...R...... Roooooooint R RR 80
SFfrGFP4 18xROK T.ooviiiiiiiiii i Roooooo, N R R 8@
sTfrGFP4 25xROK T.o oo Kooooooo N LT....... Keoooot 80
9I® 1?@ 1%@ 1%@ 13?@ 1‘}@ 1?@ 1EIS®
GFP wt HDFFKSAMPEGYVQERTIFFKDDGNYKTRAEVKFEGDTLVNRIELKGIDFKEDGNILGHKLEYNYNSHNVYIMADKQKNG 160
sfGFP Soo.. T e Foooon Toooo... 160
frGFP1 B S.R...T.R..... Roooooooiie, R....R........ Roooooooiit T..R.R.. 160
sffrGFP4 oL S.R...T.R...V.R. oot R.T..R........ Roooooooiit T..R.R.. 160
sffrGFP4 I8xR>K .................. S.o... T..... Voo, T Toooo.o. 160
sffrGFP4 25xR>K ...t S.o... T...K.Voooooooot. K.o.o.o.. T Toooo.e. 160
l?@ l8l® l?@ 2?@ ZZILG 2%@ 2.?@
GFP wt IKVNFKIRHNIEDGSVQLADHYQQNTPIGDGPVLLPDNHYLSTQSALSKDPNEKRDHMVLLEFVTAAGITHGMDELYK 238
sfGFP AL Vo e Vo 238
frGFP1 RAL R e D R 238
sffrGFP4 RACT. oV D...... T...R....Rocoi Q...... R 238
sffrGFP4 18xR>K ..A..T.. ...V, i D...... T Q....... 238
sffrGFP4 25xR>K AL T.K..V. oo D...... Toooooooe. Kovooooooooo, Q....... 238

Sequence alignment C: Lys—> Arg substituted GFP variants

For a nuclear transport-unrelated project, we designed a GFP variant, where all lysines had been exchanged to
arginines, the rational being to obtain a variant that remains mobile after fixation by aldehydes.

The first variant, frfGFP1 (fixation-resistant GFP 1) already contained some fold-enhancing mutations from
superfolder GFP (sfGFP; Pédelacq et al., 2006). However, it was non-fluorescent. frGFP1 was then evolved to a
highly fluorescent derivative, sffrGFP4 (superfolder fixation-resistant GFP4), which serendipitously turned out to
pass NPCs very rapidly.

The alignment also shows sffitGFP4 variants, where the initially introduced Arg-substitutions had been reverted
(sffrGFP4 18xR->K) or all surface arginines had been converted to lysines (sffrtGFP4 25xR->K). These crossed
NPCs ~40 and ~100-fold slower, respectively.

Data S1, related to Table 1, Figures 1-6 and S1-S3



1 1 1 1 1 1 1 1 1 1 1
EGFP ot S e Re e e e FoKeoNe oo 120
efGFP  TSKGEELFTGVVPILVELDGDVNGHKFSVRGEGEGDATYGKLTLKFICTTGKLPVPWPTLVTTLTYGVQCF SHYPDHMKQHDF FKSAMPEGYVQERTIYFEDDGAYKTRAEVKFEGDTLY 120
EFGEP_BK v e e et e e e e e e S 120
EFGFP_BE ettt e e B et e e Bt 120
EFGFP_BN .ottt et N e e e e e e e Ne e e 120
EFGFP_BS .ttt e e S e e S e 120
EFGFP_BT ettt e 1 D 120
EFGFP_BQ v ettt e e e Qe e e e Qe 120
EFGFP_BR ..ottt e e R e e e e e R et e 120
EFGFP_BH .ottt e e e H e e e e e e e e He o 120
EFGFP_BA .ottt e A e A 120
EFGFP_BL ettt e e L e e e L e e 120
EFGFP_BY ettt Ve e Ve 120
EFGFP_BM ..ttt e e Mo e e et e e e Mot 120
EFGFP_B1 « vttt e e 1 T 120
EFGFP_8BC vttt e e e e [ et 120
EFGFP_8BF vttt e e F ot e e e F o e 120
EFGFP_BY ottt Y e Y e 120
EFGFP_BIN .ottt e e e W 120
130 140 150 160 170 180 190 200 210 220 230
EGFP oot Yo, VoKL oTe o Vol S A e D. 238
efGFP  NRIELKGIDFKEDGNILGHKLEYNFNSHNVYIMADKQKNGIKANFNTRHNVEDGSEQVADHYQQNTPIGDGPVLLPDNHYLNTQSKL SKDPNEKRDHMVLKEFVTAAGITLGMGELYK 238
EFGFP_8BK vt Koo Kevooeeeeeennn Koo e e Ko e e Keooooaeenn ., 238
EFGFP_BE .ttt et et Bt S SR e, 238
EFGEP_BN .ottt e e e e e e No e NeoooNe e Newooeeaa 238
EFGFP_8S .ttt et S S S e S S S 238
EFGFP_8T ettt T T T T T e 238
EFGFP_8Q .« ee et Qe Qe Qe et Qe Qe 238
EFGFP_BR oot Rt Rt R e et Revi R, Reviaeennn, 238
EFGFP_BH « oottt Heooe e He oo He oo HeooHe oo Hevooe e 238
EFGFP_BA .ottt Ao, A, At VY YOO Ao, 238
EFGFP_BL « ettt Lo Lt L e e [ DU Lo, 238
EFGFP_8Y .ttt Voo Ve Ve VooV Vi 238
EFGFP_BM ..ttt Moot Mot Mot Moo M Moot 238
EFGFP_81 « oot | DU S S U ST SR 238
EFGFP_8C et Coveeeiaa Coveeiee Gt CoveaCoeie Covee 238
EFGFP_8F oottt Foaeeeeeee Foee e F o S R Foueeeeeeen. 238
EFGFP_8Y ottt Yo Yo Y YooY Yo 238
EFGFP_BIW .ttt Weooooieeea, Weooeeeen W W Weo e Weootoi 238

Sequence alignment D: efGFP_8x variants for testing which surface residues impede or facilitate FG phase-entry

Alignment shows the GFP variants tested in Figure 4A and 4B. Each of them displays eight copies of the indicated amino acid
side chain.

Data S1, related to Table 1, Figures 1-6 and S1-S3



10 20 30 40 50 60 70 80
sffrGFP4 TSRGEELFTGVVPILVELDGDVNGHRFSVRGEGEGDATNGRLTLRFICTTGRLPVPWPTLVTTLTYGVQCFSRYPDHMRR 80

STErGRPS L e e e PP 80
sffrGFPo6 ..... Qe ettt e e e e e e e e e e e e 80
L3 T = 0 80
920 100 110 120 130 140 150 160
sffrGFP4 HDFFKSAMPEGYVQERTISFRDDGTYRTRAVVRFEGDTLVNRIELRGTDFREDGNILGHRLEYNYNSHNVYITADRQRNG 160
ST GRS L e e e D........ D.D.......... E... 160
STFrGFPO ... i e e Noooooonat. N e e 160
STErGRP7 o e e e e Nooooooonnt N e e e e 160
170 180 190 200 210 220 230
sffrGFP4 IRANFTIRHNVEDGSVQLADHYQQNTPIGDGPVLLPDDHYLSTQTALSRDPNERRDHMVLLEFVTAAGITQGMDELYR 238
sTfrGFPS ... ... B e D E....... 238
sTfrGFP6 ....... ... .. . ... N.ooooooe N e e e e e e e e Q... 238
SFFPGFP7 oo Newoooen s N e e e e e e e e NQ... 238

Sequence alignment E: Charge-series based on sffrGFP4
To test the effect of net charge on NPC passage without tampering with exposed arginines or hydrophobic residues, we designed

a charge series based on sffrGFP4. All introduced changes where isosteric N-D or Q-E exchanges.

Data S1, related to Table 1, Figures 1-6 and S1-S3



10 20 30 40 50 60 70 80

EGFP TSKGEELFTGVVPILVELDGDVNGHKFSVSGEGEGDATYGKLTLKFICTTGKLPVPWPTLVTTLTYGVQCFSRYPDHMKQ 80
sffrGFP4  ..R... ..o R...R........ N.R...R...... R RR 80
efGFP_3W ... . R e Ho.o.o.o... 80
efGFP_SW .. o Rovevviintn W Ho.o.o.o... 80
efGFP_8W ... Rovovvinnt W Ho.o.o.o... 80
efGFP_81 ... . i Rovoviontt. P Ho.oo.o.o. 80
MaxR_3W . .R....i R...R....tt N.R...R...... R RR 80
MaxR_5SW L .R..o.o R...R.c.tt N.W.LLR. L R RR 80
MaxR_81  ..R......c.c.iiiiiiia.L. R...R........ N.I...R...... R RR 80
90 100 110 120 130 140 150 160
EGFP HDFFKSAMPEGYVQERTIFFKDDGNYKTRAEVKFEGDTLVNRIELKGIDFKEDGNILGHKLEYNYNSHNVYIMADKQKNG 160
SFEPGFP4  +vvvvvevnninnnnnns S.R...T.R...W.R.... R.T..R........ Rovovoiiint, T..R.R.. 160
EFGFP 3W  +vvvvernnenenann WY E. A e e Foovvivnooat, 160
EFGEP S v vevveneenennnn. WY E . A FooWeoooooo.s. 160
OfGFP_8W +vvvvvrrrnennnns WY E. . A e e e Fo.oWeoooooolt. 160
EfGFP_8i +vvrvreernennnn I (P R 160
MAXR_3W v cvvvvneernnnnn. W.Y..... A..... VRooooooont R.T..R........ Roveiiiion. T..R.R.. 160
MAXR_ SW v cvveevnnennnnnn W.Yy..... A..... V.Roooooooiint R.T..R........ Rovoeiaint. T..R.R.. 160
MOXR_ 81  vvvvevvnnevnnnnns IYR...AR...VR............ R.T..R........ Rooooo... I...T..R.R.. 160
170 180 190 200 210 220 230
EGFP IKVNFKIRHNIEDGSVQLADHYQQNTPIGDGPVLLPDNHYLSTQSALSKDPNEKRDHMVLKEFVTAAGITLGMDELYK — 238
sffrGFP4  RA..T.... V. i D...... T...R....R...... Looovonen Q...... R 238
efGFP_3W .. AW.NT...V....E.V.. . . i, NWK. oo G.... 238
efGFP_SW .. AW.NT...V....E.V.. . i i, NOW. K. G.... 238
efGFP_8W .. AW.NT...V....E.V.W...... ... .ivvin... NWKC W oo Wooooooo. G.... 238
efGFP_8i ..AINT...V....E.V.I..........coiiiion... (O Io....... G.... 238
MaxR_3W  ..AN.T....V....E.V.. oot D...N.WTR..R....R...... Looooonet. Q...... R 238
MaxR_5W  ..AN.T....V....E.V.W.. oot D...N.WTR..R....R...... Loeovenne. Q...... R 238
MaxR_81  .RAL.T....V....E.V.I................. D...N.ITR..I....R...... L...I..... Q...... R 238

Sequence alignment F: A first generation of GFPY™® variants
The sffrGFP4 (MaxR) variant and super-hydrophobic variants are shown again for reference. MaxR 3W, MaxR 5W, and
MaxR_8i combine the principles of increased surface hydrophobicity with maximal Lys >Arg exchanges. They represent

extremely fast NPC-shuttles.

Data S1, related to Table 1, Figures 1-6 and S1-S3



10 20 30 40 50 60 70 80
EGFP TSKGEELFTGVVPILVELDGDVNGHKFSVSGEGEGDATYGKLTLKFICTTGKLPVPWPTLVTTLTYGVQCFSRYPDHMKQ 80

MaxR_8M ..R....... .o, R M...RoooLL Re RR 80
2B7 R R M.o.RoooLL R, A...... RR 80
2B7A R R MR Rt A...... RR 80
3B1 R R M.o.RoooLL R A...... RR 80
3B7 R R M.o.RoooLL R A...... RR 80
3B8 R D M.o.RoooLL Rt A...... RR 80
3B9 R R MR Rt A...... RR 80
4B1 R D M...RoooLL Rt A...... RR 80
3B7C R R M.o.RoooLL R, A...... RR 80
7B3 R L M...RoooLL Rovviiii it A...... RR 80
90 100 110 120 130 140 150 160
EGFP HDFFKSAMPEGYVQERTIFFKDDGNYKTRAEVKFEGDTLVNRIELKGIDFKEDGNILGHKLEYNYNSHNVYIMADKQKNG 160
MaxR_8M ................ M.Y.E...A.R..... Rovovoioint R....Root R....F...M...oL. R.R.. 160
2B7 M.Y.E...A.R..... Rovovoioint R....Reo R....F...M...... R.R.. 160
2B7A ... Tooeoooinn M.Y.E...A.R..... Rovovoioint, R....Rooo R....F...M.o..L. R.R.. 160
3B1 ...... Toooooooa, M.Y.E...A.R..... Rovovoiioint R....Ro.oot R....F...M.o.oL. R.R.. 160
3BV ...... Tooooooia, M.Y.E...A.R...V.R............ R....Rooo R....F...M.oLoL. R.R.. 160
3B8  ...... I M.Y.E...A.R...V.R............ R.T..R...ovtt R....F... Moo, R.R.. 160
389 ...... I M.Y.E...A.R...V.R............ R..G.R........ R....F... Moo R.R.. 160
4B1 ..., Toooooonn. M.Y.E...A.R...V.R............ R..R.R.oiitt R....F.. .M. L. R.R.. 160
3B7C  ...... Tooooooe.. M.Y.E...A.R...V.R............ R....Root R....F...M.o..L. R.R.. 160
7B3 ... Toooooon, M.Y.E...AR...V.R............ R....Rooo Ro...F.oo Moo R.R.. 160
170 180 190 200 210 220 230
EGFP IKVNFKIRHNIEDGSVQLADHYQQNTPIGDGPVLLPDNHYLSTQSALSKDPNEKRDHMVLKEFVTAAGITLGMDELYK 238
MaxR_8M .RAM.NT...V....E.V.M... ... .. oiat D...N.M.R..M....R...... L R 238
2B7 RAMNT..VOLLEV MO D...Y.M.R..V....R...... L R 238
2B7A RAMNT..VOLLEV MO D...Y.M.R..V....R...... L R 238
3B1 RAMNT...VOLLLEV MO D...Y.M.L..V....R...... L R 238
3B7 RAMNT...VLOLLEV MO D...Y.M.L..V....R...... L R 238
3B8 RAMNT...VOLLEV MO D...Y.M.L..V....R...... 2 R 238
3B9 RAMNT..VOLLEV MO D...Y.M.L..V....R...... 2 R 238
4B1 RAMNT..VOLLEV MO D...Y.M.L..V....R...... 2 R 238
3B7C RAMNT..VOLLEV MO D...Y.M.L..V....R...... L IR 238
7B3 RAMNT. VL LLEWV MO D...N.I.R..V....R...... L R 238

Sequence alignment G: Engineering of GFP™® variants of high FG-specificity and NPC-passage rate

The design principle was to place 8 ectopic (hydrophobic) methionines on the GFP's surface and to replace all exposed lysines
by arginines. The essentially non-fluorescent initial MaxR_8M mutant was evolved to highly fluorescent species. 2B7 crosses
NPCs considerably faster than NTF2 (see Table 1), but still shows considerable non-specific interactions.

3B1-3B7C are tetramers of great FG- and NPC-specificity, with 3B7C being the most selective variant. 7B3 is a

re-monomerized version of 3B7 and the fastest NPC-shuttle identified so far, showing less non-specific binding than 2B7.

Data S1, related to Table 1, Figures 1-6 and S1-S3



drFP583
mCherry
tCherry
sin_tCherryl
sin_tCherry2

drFP583
mCherry
tCherry
sin_tCherryl
sin_tCherry2

drFP583
mCherry
tCherry
sin_tCherryl
sin_tCherry2

~-—-MRSSKNV......... R T e, NV e Q....V..... 76
TSKGEEDNMAT TKE FMRFKVHMEGSVNGHEFE TEGEGEGRPYEGTQTAKLKVTKGGPLPFAWDILSPQFMYGSKAYVKHP 80
~-T.MASSED.......... A 78
~-TS.ASSED. .. .E.KevoRueeeeeeeaeaeaennn, K e e e e e e 78
~-TS.ASSED. .. .E.KevoRueeeeeeeaeaeannnn, K e e e e e e 78
80 20 100 110 120 130 140 150
...... T = L A P - A 1
ADIPDYLKLSFPEGFKWERVMNFEDGGVVTVTQDSSLQDGEFIYKVKLRGTNFPSDGPVMQKKTMGWEASSERMYPEDGA 160
................................................ IV.uoueueueueueee .. T.....R..V 158
........ Qe e B o TN Ee Qe T .. .R..V 158
........ Queveeeee e B TN E. Q... . T.H...R..V 158
160 170 180 190 200 210 220
..... HKA. ... oo o LV.F.STMeueeeee Y Y DS e e eeeaenenenen. . To. . HLFL 225
LKGEIKQRLKLKDGGHYDAEVKTTYKAKKPVQLPGAYNVNIKLDITSHNEDYTIVEQYERAEGRHSTGGMDELYK 235
..... O VU IV o1 Y AR 20 2 ) N |1 - | 227
..... HoAwooebee e TQe e o TE o YYD oo e e e e e oL JHLFL 227
..... Y- VN IURRS: 1 « FERP | S 20 2 ) N |1 - § 227

Sequence alignment H: Engineering of a super-inert tetrameric Cherry variant

Starting point was mCherry (Shaner et al., 2004). tCherry is an mCherry derivative, where the tetramerisation interface of the

original red fluorescent protein drFP583 had been restored. Sin_tCherry1 is a hydrophilised version of tCherry. Sin_tCherry?2

carries an additional R149H exchange that improves the packing between the subunits, increases thermostability, and confers

faster fluorophore maturation.

Data S1, related to Table 1, Figures 1-6 and S1-S3



MBP
MBP
MBP

MBP
MBP
MBP

MBP
MBP
MBP

MBP
MBP
MBP

MBP
MBP
MBP

10 20 30 40 50 60 70 80
TKTEEGKLVIWINGDKGYNGLAEVGKKFEKDTGIKVTVEHPDKLEEKFPQVAATGDGPDIIFWAHDRFGGYAQSGLLAET 80

721 80
K>R .R Rovooiii oot RR..R R.o...... T 80
90 100 110 120 130 140 150 160
TPDKAFQDKLYPFTWDAVRYNGKLIAYPIAVEALSLIYNKDLLPNPPKTWEEIPALDKELKAKGKSALMFNLQEPYFTWP 160
7 160
K->R R Rovooiooat R, Ro..o... Roooooit R RR.ooooooiioat 160
170 180 190 200 210 220 230 240
LIAADGGYAFKYENGKYDIKDVGVDNAGAKAGLTFLVDLIKNKHMNADTDYSIAEAAFNKGETAMTINGPWAWSNIDTSK 240
7 X 240
K>R .......... R R...R...ooit Rooooooit RRooooooiiit R, R 240
250 260 270 280 290 300 310 320
VNYGVTVLPTFKGQPSKPFVGVLSAGINAASPNKELAKEFLENYLLTDEGLEAVNKDKPLGAVALKSYEEELAKDPRIAA 320
G261C ... ..t A 320
K2>R ........... Roo.oooot G Rt R.o..... 320
330 340 350 360 370
TMENAQKGEIMPNIPQMSAFWYAVRTAVINAASGRQTVDEALKDAQTN 371
7 N 368
K>R ...... R R....N 368

Sequence alignment i: A K-> R substituted mutant of the E. coli maltose-binding protein MBP, which crosses
NPCs 40-fold faster than MBP itself

Alignment shows the implemented substitutions. The G261C mutation creates an attachment site for a maleimide at
the base of the maltose-binding groove. An introduced maleimide-fluorophore can thus at least partially be shielded
from interactions with FG motifs. MBP K-> R contains 29 lysine to arginine exchanges.

Data S1, related to Table 1, Figures 1-6 and S1-S3



10 20 30 40 50 60 70 80

MELITILEKTVSPDRLELEAAQKFLERAAVENLPTFLVELSRVLANPGNSQVARVAAGLQIKNSLTSKDPDIKAQYQQRW 8@

.............. Keoooooo oo Koo KL KL 80
........ T e P -
920 100 110 120 130 140 150 160
LAIDANARREVKNYVLQTLGTETYRPSSASQCVAGIACAEIPVNQWPELIPQLVANVTNPNSTEHMKESTLEAIGYICQD 160
........ RO 1 01
................................................................................ 160
170 180 190 200 210 220 230 240
IDPEQLQDKSNEILTAITIQGMRKEEPSNNVKLAATNALLNSLEFTKANFDKESERHFIMQVVCEATQCPDTRVRVAALQN 240
..................... Koo KKK L 240
...................... P 14 Rev L 240
250 260 270 280 290 300 310 320
LVKIMSLYYQYMETYMGPALFAITIEAMKSDIDEVALQGIEFWSNVCDEEMDLAIEASEAAEQGRPPEHTSKFYAKGALQ 320
................................................................ . /)
B R e R...R.... 320
330 340 350 360 370 380 390 400
YLVPILTQTLTKQDENDDDDDWNPCKAAGVCLMLLATCCEDDIVPHVLPFIKEHIKNPDWRYRDAAVMAFGCILEGPEPS 400
............................................................ KiKeooooooooaoooo.. 400
........... R e RUGR L 400
410 420 430 440 450 460 470 480
QLKPLVIQAMPTLIELMKDPSVVVRDTAAWTVGRICELLPEAAINDVYLAPLLQCLIEGLSAEPRVASNVCWAFSSLAEA 480
........................ Koo oo s K KL 480
Rooooiiiit, R e e 480
490
AYEAADVADDQEE 493
............. 493
............. 493

Sequence alignment J: K-> R and R-> K mutations of the human importin p 1-493 fragment

The fragment was used because it expresses better and is more soluble than the full-length version. It also lacks the

C-terminal cargo-binding region that would otherwise cause retention inside nuclei when influx is measured without

Ran-addition. Figure shows alignment with the corresponding R->K mutant (16 substitutions) and the K->R mutant
(16 substitutions).

Data S1, related to Table 1, Figures 1-6 and S1-S3



