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SI_Fig 1. Fluorescence spectra of proteins before and after f-MWNT addition. Final concentrations of f-
MWNT in solutions is 0, 1.17, 2.34, 4.68, 9.36, 18.72 pg/mL, respectively. As shown in different colors.
(a) 10nm f-MWNT
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(b) 40nm f-MWNT
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SI_Fig 4. CD spectra of HB, HK (Hex), Oval before and after f-MWNTs addition and wavelength
dependent high voltage on the photomultiplier. The final concentration of f-MWNT is shown. (a) 10nm
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(b) 40nm f-MWNT
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SI_Fig 3: Phase-modulation data and two exponential fitted for proteins with and without f-MWNT (blue: phase
delay; green: modulation ratio) and data points of phase and modulation. Hemoglobin has very low signal and hasn’t
been selected for lifetime measurement.
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SI_Table 1: Properties of selected proteins.
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Name of Protein

Albumin

Hemoglobin

Carbonic
Anhydrase

Hexokinase

Ovalbumin

Organism

Bovine Serum
Bovine Erythrocytes
Bovine Erythrocytes

Yeast

Egg white

Molecular
Weight: kDa

66
16.5

30

100
45

pI
4.7
6.8
6.3

5.250r4.93
4.6

Number of
Tryptophan

3
6

14

12
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SI_Table 2. Protein secondary structure percentage calculation before and after f-MWNT treatment and ethonal as

control. pure-MWNT: 1; MWNT-COOH: 2; MWNT-TRY: 3; MWNT-iBA: 4. (a) 10nm f-MWNT

CA+40ulMWNT-

CA+80ulMWNT-

CA oo o CA+160uMWNT-COOH
Helix:  12.70% 10.70% 13.60% 14.00%
Beta:  39.00% 46.30% 38.80% 36.80%
Turn:  19.90% 15.10% 19.80% 19.90%
Random:  28.40% 27.90% 27.80% 29.20%
Total:  100.00% 100.00% 100.00% 100.00%
CA CAQUIIWNT CA+8OUIMWNT-TYR CA+160uIMWNT-TYR
Helix:  12.70% 11.40% 13.50% 12.80%
Beta:  39.00% 45.50% 58.20% 37.90%
Tum:  19.90% 17.10% 6.30% 19.70%
Random:  28.40% 25.90% 22.00% 29.60%
Total:  100.00% 100.00% 100.00% 100.00%
CA  CA+40UMWNT-BA _ CA+8OUMWNT-BA CA+160uIMWNT-BA
Helix:  12.70% 13.10% 12.80% 16.60%
Beta:  39.00% 40.90% 40.60% 43.40%
Turn:  19.90% 19.70% 18.4Q9 16.80%
Random:  28.40% 26.20% O A0 23.30%
Total:  100.00% 100.00% ﬂ1 oﬂ;@ 100.00%
CA CAAOUIpUTe " CA+B0Ulpure-MWNT CA+160ulpure-MWNT
Helix:  12.70% 11.60% 11.60% 13.20%
Beta:  39.00% 42.10% 42.00% 44.10%
Tum:  19.90% 18.50% 18.00% 16.50%
Random:  28.40% 27.80% 28.40% 26.30%
Total:  100.00% 100.00% 100.00% 100.00%
CA CA+40UlEtOH CA+80UIEtOH CA+160UIEtOH
Helix:  12.70% 10.50% 11.80% 11.80%
Beta:  39.00% 44.20% 42.30% 42.60%
Turn:  19.90% 16.90% 17.30% 17.00%
Random:  28.40% 28.30% 28.50% 28.70%
Total:  100.00% 100.00% 100.00% 100.00%
Hb o NT- o T Hb+160UIMWNT-COOH
Helix:  42.30% 54.10% 37.90% 43.10%
Beta:  23.80% 0.00% 4.10% 10.90%
Tum:  6.50% 14.00% 24.20% 16.20%
Random:  27.40% 31.90% 33.80% 29.80%
Total:  100.00% 100.00% 100.00% 100.00%
Hb  Hb+4OUMWNT-TYR Hb+80UIMWNT-TYR Hb+160uIMWNT-TYR
Helix:  42.30% 38.80% 44.80% 45.30%
Beta:  23.80% 12.90% 22.30% 21.90%
Tum:  6.50% 16.90% 6.50% 6.90%
Random:  27.40% 31.40% 26.40% 25.80%
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Total:  100.00% 100.00% 100.00% 100.00%
Hb Hb+40ulMWNT-BA  Hb+80ulMWNT-iBA Hb+160uIMWNT-IBA
Helix:  42.30% 52.70% 43.30% 40.80%
Beta:  23.80% 29.00% 16.20% 11.30%
Turn: 6.50% 0.00% 12.30% 17.00%
Random: 27.40% 18.30% 28.20% 31.00%
Total:  100.00% 100.00% 100.00% 100.00%
Hb Hb’,’\;‘\?v“,llpT“re' Hb~+80ulpure-MWNT Hb-+160ulpure-MWNT
Helix:  42.30% 47.30% 42.50% 49.40%
Beta:  23.80% 21.10% 19.40% 26.90%
Turn: 6.50% 6.90% 10.10% 1.40%
Random: 27.40% 24.80% 28.00% 22.20%
Total:  100.00% 100.00% 100.00% 100.00%
Hb Hb+40ulEtOH Hb+80ulEtOH Hb+160ulEtOH
Helix:  42.30% 47.30% 43.90% 51.60%
Beta:  23.80% 21.10% 18.50% 28.80%
Turn: 6.50% 6.90% 10.20% 0.00%
Random: 27.40% 24.80% 27.40% 19.60%
Total:  100.00% 100.00% 100.00% 100.00%
He He*‘gg'(';"lll’vm'l N l‘i;%owT' He+160uIMWNT-COOH
Helix:  23.80% 33.20% U 50p 32.70%
Beta: 12.40% 18.70% 4pp 12.80%
Turn:  27.10% 17.10% 19.10% 20.50%
Random: 100.00% 31.00% 29.10% 33.90%
Total: 100.00% 100.00% 100.00%
He He+40ulMWNT-TYR  He+80ulMWNT-TYR He+160ulMWNT-TYR
Helix:  23.80% 37.40% 33.40% 36.00%
Beta: 12.40% 18.40% 15.40% 16.70%
Turn:  27.10% 16.10% 18.80% 16.60%
Random: 100.00% 28.20% 32.50% 30.70%
Total: 100.00% 100.00% 100.00%
He He+40ulMWNT-iBA He+80ulMWNT-iBA He+160ulMWNT-iBA
Helix:  23.80% 36.00% 35.50% 33.00%
Beta: 12.40% 23.40% 18.10% 20.00%
Turn:  27.10% 13.10% 16.50% 17.20%
Random: 100.00% 27.60% 29.90% 29.80%
Total: 100.00% 100.00% 100.00%
He He+40ulpure-MWNT He+80ulpure-MWNT He+160ulpure-MWNT
Helix:  23.80% 36.10% 36.40% 35.30%
Beta: 12.40% 18.30% 21.10% 20.10%
Turn:  27.10% 16.40% 15.20% 15.70%
Random: 100.00% 29.20% 27.30% 28.90%
Total: 100.00% 100.00% 100.00%
He He+40ulEtOH He+80ulEtOH He+160ulEtOH
Helix:  23.80% 36.00% 36.50% 35.50%
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Beta:  12.40% 20.90% 21.00% 19.10%
Tumn:  27.10% 15.40% 14.70% 15.40%
Random:  100.00% 27.70% 27.80% 30.00%
Total: 100.00% 100.00% 100.00%
OVA OVAHIQUIWNT: OVALBUIMWNT OvA+160uMWNT-COOH
Helix:  39.50% 40.60% 36.60% 40.00%
Beta:  21.70% 17.90% 16.90% 16.60%
Tumn:  8.30% 9.80% 14.80% 10.20%
Random:  30.50% 31.70% 31.70% 33.20%
Total:  100.00% 100.00% 100.00% 100.00%
OVA  OVA+40uMWNT-TYR OVA+80ulMWNT-TYR  OVA+160ulMWNT-TYR
Helix:  39.50% 47.30% 36.00% 51.20%
Beta:  21.70% 4.80% 17.40% 22.90%
Tumn:  8.30% 15.30% 14.30% 3.50%
Random:  30.50% 32.60% 32.20% 22.40%
Total:  100.00% 100.00% 100.00% 100.00%
OVA  OVA+40ulMWNT-BA  OVA+80uMWNT-BA  OVA+160ulMWNT-iBA
Helix:  39.50% 40.10% 50.00% 38.10%
Beta:  21.70% 14.30% 26.40% 19.70%
Tumn:  8.30% 13.70% 0.00% 11.20%
Random:  30.50% 31.90% 23.60% 30.90%
Total:  100.00% 100.00% 100.00% 100.00%
OVA  OVA+40ulpure-MWN/T~ \DVA+80ulpure-MWNT ~ OVA+160ulpure-MWNT
Helix:  39.50% 39.30% U n |146.00% 38.10%
Beta:  21.70% 17.40% 14.70% 18.70%
Tumn:  8.30% 10.80% 40% 12.00%
Random:  30.50% 32.40% 25.90% 31.20%
Total:  100.00% 100.00% 100.00% 100.00%
OVA OVA+40ulEtOH OVA+80UIEtOH OVA+160ulEtOH
Helix:  39.50% 43.20% 42.60% 43.00%
Beta:  21.70% 11.70% 8.90% 14.40%
Tumn:  8.30% 13.40% 15.60% 11.30%
Random:  30.50% 31.70% 32.90% 31.30%
Total:  100.00% 100.00% 100.00% 100.00%
BSA BOA+IUTIWNT: BOABUIIWNT BSA+160uIMWNT-COOH
Helix:  31.60% 32.30% 27.30% 22.00%
Beta:  16.80% 32.20% 36.30% 37.70%
Turm:  20.30% 4.90% 8.80% 14.90%
Random:  31.30% 30.60% 27.60% 25.40%
Total:  100.00% 100.00% 100.00% 100.00%
BSA  BSA+40ulMWNT-TYR BSA+80UIMWNT-TYR  BSA+160ulMWNT-TYR
Helix:  31.60% 30.30% 29.20% 22.70%
Beta:  16.80% 34.20% 33.70% 37.10%
Tum:  20.30% 5.80% 8.60% 15.00%
Random:  31.30% 29.70% 28.50% 25.20%
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Total: 100.00% 100.00% 100.00% 100.00%
BSA BSA+40ulMWNT-iBA  BSA+80ulMWNT-iBA BSA+160ulMWNT-iBA
Helix: 31.60% 29.60% 25.50% 24.50%
Beta: 16.80% 33.60% 36.80% 35.90%
Turn: 20.30% 8.20% 10.30% 13.00%
Random: 31.30% 28.60% 27.40% 26.60%
Total: 100.00% 100.00% 100.00% 100.00%
BSA BSA+40ulpure-MWNT  BSA+80ulpure-MWNT BSA+160ulpure-MWNT
Helix: 31.60% 32.30% 34.20% 32.10%
Beta: 16.80% 18.70% Vo 14.80%
Turn: 20.30% 18.90% I 21.90%
Random:  31.30% 30.00% . 31.30%
Total: 100.00% 100.00% 100.00% 100.00%
BSA BSA+40ulEtOH BSA+80ulEtOH BSA+160ulEtOH
Helix: 31.60% 29.10% 27.10% 25.00%
Beta: 16.80% 35.40% 35.70% 36.50%
Turn: 20.30% 7.10% 9.00% 10.90%
Random: 31.30% 28.40% 28.10% 27.60%
Total: 100.00% 100.00% 100.00% 100.00%
(b) 40nm f-MWNT
CA AT A B NT CA+160uMWNT-COOH
Helix: 7.70% 12.50% 16.20% 12.40%
Beta: 44.00% 38.70% 37.80% 40.20%
Turn: 16.30% 20.10% 20.30% 19.10%
Random: 32.00% 28.70% 25.60% 28.30%
Total: 100.00% 100.00% 100.00% 100.00%
CA CA+40ulMWNT-TYR CA+80ulMWNT-TYR CA+160ulMWNT-TYR
Helix: 13.00% 11.30% 9.50% 10.30%
Beta: 46.10% 47.60% 3:80%0 45.80%
Turn: 16.30% 13.50% m 0 12.80%
Random: 24.70% 27.60% o 31.10%
Total: 100.00% 100.00% 100.00% 100.00%
CA CA+40ulMWNT-iBA CA+80ulMWNT-iBA CA+160ulMWNT-iBA
Helix: 11.10% 10.90% 15.60% 18.20%
Beta: 45.80% 43.20% 41.60% 47.00%
Turn: 16.10% 17.80% 17.60% 16.20%
Random: 26.90% 28.10% 25.20% 18.70%
Total: 100.00% 100.00% 100.00% 100.00%
CA CA+40ulpure-MWNT  CA+80ulpure-MWNT CA+160ulpure-MWNT
Helix: 12.20% 10.50% 12.20% 21.30%
Beta: 51.80% 52.70% 48.20% 42.50%
Turn: 12.30% 11.50% 14.30% 17.40%
Random: 23.80% 25.30% 25.30% 18.80%
Total: 100.00% 100.00% 100.00% 100.00%
CA CA+40ulEtOH CA+80ulEtOH CA+160ulEtOH
Helix: 10.80% 10.60% 10.70% 12.30%
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Beta:  45.20% 46.90% 44.00% 48.30%
Tum:  16.60% 15.70% 17.40% 14.90%
Random: 27.40% 26.80% 27.90% 24.40%
Total:  100.00% 100.00% 100.00% 100.00%
Hb  Hb+40uIMWNT-COOH Hb*%’g'(';"xv NT- Hb-+160uIMWNT-COOH
Helix:  41.50% 41.20% 44.50% 43.60%
Beta:  29.60% 25.20% 23.70% 13.00%
Tum:  6.90% 10.10% 9.40% 15.80%
Random:  22.10% 23.50% 22.40% 27.60%
Total:  100.00% 100.00% 100.00% 100.00%
Hb Hb+40uMWNT-TYR _ Hb+80uIMWNT-TYR Hb+160uMWNT-TYR
Helix:  42.20% 44.10% 44.40% 42.50%
Beta:  28.70% 28.10% 27.20% 27.00%
Tum:  6.70% 6.60% 7.70% 7.30%
Random:  22.40% 21.10% 20.70% 23.30%
Total:  100.00% 100.00% 100.00% 100.00%
Hb Hb+40uMWNT-BA  Hb+80UIMWNT-BA Hb+160uMWNT-iBA
Helix:  42.10% 44.00% 43.60% 40.00%
Beta:  26.20% 28.00% 26.60% 20.90%
Tum:  8.30% 6.10% 7.10% 11.50%
Random:  23.40% 21.90% 22.80% 27.70%
Total:  100.00% 100.00% 100.00% 100.00%
Hb Hb+40ulpure-MWNT _ Hb+80ulpure-MWNT Hb+160ulpure-MWNT
Helix:  42.20% 4360% /, —3980% 40.50%
Beta:  28.80% 27.70% [/l N 12360603 26.30%
Turn:  7.20% 6.60% L b l50pb 8.40%
Random:  21.80% 2210% = 54 40% 24.70%
Total:  100.00% 100.00% 100.00% 100.00%
Hb Hob+40UIEtOH Hob+8O0UIEtOH Ho-+160UIEIOH
Helix:  43.90% 42.80% 42.80% 39.00%
Beta:  28.50% 28.10% 26.60% 26.50%
Tum:  6.50% 7.20% 7.80% 9.70%
Random:  21.00% 21.90% 22.80% 24.90%
Total:  100.00% 100.00% 100.00% 100.00%
He  He+40uIMWNT-COOH He*%’(‘;'(';"k‘fv NT- He+160uMWNT-COOH
Helix.  25.10% 23.60% 24.10% 28.70%
Beta:  32.10% 30.70% 28.40% 26.50%
Turm:  13.00% 14.80% 15.10% 13.80%
Random:  29.70% 30.90% 32.40% 31.00%
Total:  100% 100.00% 100.00% 100.00%
He He+40uMWNT-TYR  He+80uMWNT-TYR He+160uMWNT-TYR
Helix:  24.20% 25.30% 25.20% 45.00%
Beta:  35.00% 30.60% 29.90% 21.30%
Tum:  10.90% 14.20% 15.60% 1.20%
Random:  30.00% 29.90% 29.20% 32.60%
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Total: 100% 100.00% 100.00% 100.00%
He He+40ulMWNT-BA  He+80ulMWNT-iBA He+160ulMWNT-iBA
Helixx:  25.00% 23.90% 24.90% 27.90%
Beta:  29.90% 32.70% 30.40% 26.90%
Turn:  14.00% 12.70% 14.20% 16.60%
Random:  31.00% 30.70% 30.50% 28.60%
Total: 100% 100.00% 100.00% 100.00%
He He+40ulpure-MWNT He+80ulpure-MWNT He+160ulpure-MWNT
Helix  25.20% 24.30% 27.90% 24.00%
Beta:  31.10% 30.30% 33.20% 29.20%
Turn:  13.60% 14.70% 11.30% 14.70%
Random:  30.10% 30.70% 27.70% 32.00%
Total: 100% 100.00% 100.00% 100.00%
He He+40ulEtOH He+80ulEtOH He+160ulEtOH
Helix:  24.30% 23.30% 24.80% 25.20%
Beta:  33.80% 32.50% 33.50% 34.00%
Turn:  12.40% 13.10% 12.60% 12.30%
Random:  29.40% 31.10% 29.10% 28.50%
Total: 100% 100.00% 100.00% 100.00%
OVA OVAHZQUIMWNT: OVALBUIMWNT OvA+160UIMWNT-COOH
Helix:  31.10% 34.10% 27.80% 29.20%
Beta:  32.00% 28.60% 27.10% 22.40%
Turn: 8.40% 10.90% 13.10% 13.00%
Random: 28.50% 26.40% 32.00% 35.40%
Total: ~ 100.00% 100.00% /7 /7 100.00% 100.00%
OVA  OVA+40uIMWNT-TYR | [QVAF -TYR OVA+160ulMWNT-TYR
Heli:  32.70% 30.80% (“ 5l 1] ]| [B2le0o4 27.10%
Beta:  34.10% 2460% U \_/ LIbslon%s 27.60%
Turn: 6.30% 15.00% 11.50% 11.30%
Random: 26.80% 29.70% 29.50% 33.90%
Total: ~ 100.00% 100.00% 100.00% 100.00%
OVA  OVA+40ulMWNT-BA  OVA+80ulMWNT-iBA OVA+160ulMWNT-iBA
Helix:  30.60% 35.30% 30.90% 27.40%
Beta:  35.70% 34.10% 34.50% 29.10%
Turn: 5.60% 5.30% 7.80% 11.30%
Random: 28.10% 25.20% 26.80% 32.20%
Total:  100.00% 100.00% 100.00% 100.00%
OVA OVA+40ulpure-MWNT  OVA+80ulpure-MWNT OVA+160ulpure-MWNT
Helix  30.10% 28.40% 31.00% 36.10%
Beta:  32.10% 28.10% 27.80% 34.90%
Turn: 8.90% 11.50% 11.30% 5.40%
Random:  28.90% 32.00% 29.90% 23.60%
Total:  100.00% 100.00% 100.00% 100.00%
OVA OVA+40ulEtOH OVA+80ulEtOH OVA+160ulEtOH
Helix:  32.90% 34.90% 30.70% 32.00%
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Beta:  31.20% 33.10% 31.70% 32.20%
Turn:  8.80% 6.60% 8.40% 8.10%
Random:  27.10% 25.40% 29.20% 27.60%
Total:  100.00% 100.00% 100.00% 100.00%
BSA BSA+AOIIWNT- BSA+BUIIWNT- BSA+160uMWNT-COOH
Helix:  25.80% 26.70% 25.20% 24.80%
Beta:  26.90% 25.40% 24.90% 23.70%
Tumn:  16.10% 17.00% 17.90% 18.90%
Random:  31.10% 31.00% 32.00% 32.50%
Total:  100.00% 100.00% 100.00% 100.00%
BSA  BSA+40ulMWNT-TYR BSA+80ulMWNT-TYR BSA+160ulMWNT-TYR
Helix:  26.40% 26.30% 26.90% 26.00%
Beta:  25.70% 26.20% 26.10% 25.20%
Tumn:  17.00% 16.50% 16.20% 17.10%
Random:  30.90% 31.00% 30.80% 31.70%
Total:  100.00% 100.00% 100.00% 100.00%
BSA  BSA+40uIMWNT-BA  BSA+80UIMWNT-iBA BSA+160ulMWNT-iBA
Helix:  26.60% 26.60% /1, 26.00% 25.20%
Beta:  26.20% 26.30% /21 []] 27.70%
Turn:  16.40% 16.60% [~ 4l 1] ]] [16led4)] 16.30%
Random:  30.70% 30.50% LI\ Liglldo L 30.80%
Total:  100.00% 100.00% 100.00% 100.00%
BSA BSA+40ulpure-MWNT  BSA+80ulpure-MWNT BSA+160ulpure-MWNT
Helix:  26.20% 26.10% 26.40% 27.30%
Beta:  26.40% 26.20% 26.10% 26.10%
Turn:  16.40% 16.40% 16.80% 16.90%
Random:  31.00% 31.40% 30.80% 29.60%
Total:  100.00% 100.00% 100.00% 100.00%
BSA BSA+40ulEtOH BSA+80ulEtOH BSA+160ulEtOH
Helix:  26.90% 26.60% 26.60% 27.20%
Beta:  27.10% 25.60% 26.20% 26.60%
Turn:  15.60% 16.80% 16.50% 16.00%
Random:  30.40% 31.00% 30.60% 30.10%
Total:  100.00% 100.00% 100.00% 100.00%
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