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ABSTRACT

This research mainly focused on the interactions between surface
functionalized multiwalled carbon nanotubes and proteins by studing
influence factors of the complex formation using various
spectroscopies. Then a carbon nanotube combinatorial library was
screened with reduced protein binding and inhibited enzyme activity. It
consists of the following two parts:

In the first part, using steady-state fluorescence, time-resolved
fluorescence and circular dichroism (CD) spectroscopies the
interactions between proteins and functionalized multiwalled carbon
nanotubes (f-MWNTs) were analyzed. Besides the pristine MWNTs, we
chose functionalized MWNTs (carboxyl, tyrosine and isobutyl amine), and
five proteins including BSA, hemogiobin and so on for their interaction study.
Adding f-MWNTs into protein solution induced quenching of the
protein intrinsic fluorescence, and lead to a conformational change of
proteins. Through comparison and analysis of surface chemistry of
f-MWNTs, we make the following conclusions:

1. Using the Stern-Volmer plots to analyse the fluorescence quenching
proteins and the results showed that f-MWNTs quenching effect on
protein fluorescence belongs to the static quenching mechanism,
therefore, there is the formation of binary complexes.

2. Electrostatic interaction plays a dominant role in protein binding on
f-MWNTs. The charge density changing of f-MWNTs under the surface
functionalization, thus causes the differences of the binding effect.

. 3. Larger proteins showed stronger binding with f-MWNTs, because
there are more amino acid residues on a larger surface that might
support a stronger binding. -

4. f-MWNTs with larger diameter showed stronger protein bindings.
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Larger surface with more functional groups made the binding easier.
Moreover, smoother curvature can induce larger protein conformational
changes while the protein adapts to the “unfamiliar” surface curvature
in one dimensional nanoparticles.

For the second part, by sreening the -MWNTs library on the affinity
of protein binding; it was found that acylator AC005 produced much
less protein binding. Then, by screening the f-MWNTs library on the
inhibition of enzyme activity we found that amide AMO002 inhibited
enzyme activity most.

As a whole, this paper studies the bioeffect of f-MWNTs on a
molecular level, and proves that protein/f-MWNTs binding is
selectively. Protein is important in vital movément and its
conformational structure determines it vital function. Therefore, by
modulating the size, shape, surface charges, or surface chemistry of
MWNTs, the protein-binding capability and their in-vivo toxicity can
be regulated, biocompatibility be improved, and potential application

in nanomedicine be optimized.

Keywords: Surface Functionalized Multi-Walled Carbon Nanotubes;
Protein/f-MWNTs interaction; spectroscopy; Combinational Chemistry;

biological screening
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W, TEEARSFHEHIBESTRAEHMPOXE, FAEARY
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FEEARATFIARNEAREER S TZAMMAEIER. NMRE
RETURRBEARS FHOMEN A%, BR, —%. SHZHL
RERANENLERRSTRIAEOARENHE, TENFFERK
MEARNTELEEE R,

1.4 PARH B ThREWL 1815
1.41 XV RETVELNEDIFHOER

BAXKEREEXRMLERER, "Z2ENEBEEYLT)RE
Mﬁ?ﬂu%ﬁrﬁ#%ﬁfﬂﬁ%%$ﬂ%%ﬂﬁﬁmiﬁ, X B 98 ok E it
TREBHRIEL. DEANEAXETUREBELREHKE
FEENNER, BEFEBRAKREENTAFHNLIBERENERLEET
RE. BEtEAAFHEFRERK., SR RHNLEERENEDY
SF%. B, Linhardt" S B S EBRPK T LETHBER, #m7T
BAXKENEYENY, FAXBKEEFOSOBBHKE. ShimEH
PL 2 T 5 M 7 Triton 1 R Z — B (PEG) St SWNTs# T, TLUFE XK
RENAYRECREFTERERENERR RN, AHER L,
DEREANEANBRAKRERTE-SPHEH, WA UALHAKH
kEXNEREANKRELE S, K, BFKEPEGE HASWNTS,
AREKBBEPEFLBFEAERR BSA)HTXHERN, B HSWNTs
5BSAGEY, 2B AWMLY, KETHRAXELHNEXRE D
(86 2% )BSAMREF A£WE Y, 4, Ll42hydroxynonenal
(42HNE) T BE L MIMWNTs S42HNERM LA BT U R AR R HE S &
U, Rtello"EHAANRELAKBPRELH T EHBEREREOE
EY. BEHEMEPFKNTFEEAMEERN, RABRKHER
EEARRTAURRAANAANEAR. KAMEMNERREITY
BEUEHHNEAKNTF - REALBEABERENNEERRTEN

[78]
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1.4.2 HEEKF¥EHEX

AEUE XIHREZEARE R HAXEARENERTE. €
REBAGLHEERERUEHBEATURLEFITHIAATR
B, TUERENHAARERBRENLEY. AEHFEFNEFRR
—FRERBNARFTE, EEMBL THRIT. hFEK. 46ER
EATFRAIBEN—HFHER. RECHEHDT THRMR, LEMHE
MESHEYHERER RAEAAUETEREB SR KEN
Y, \TIA AN HERBEBHORELEY. ERASUHFRE,
BAFESTFETR. AR, RENERERNITFHERRNOKL
EMBERILEYES,

HAMAOFREEHAAT —AHEY, DFNZANBEL
AW ELABEYRTHESTF, BAYFRENRIRTHER
REYHRBYBIANLEDERPIRER. HTHSHERER
EHERERTLER, RAGHEAEMNLEY, BHASHFER
BEMREAFHESAEY. B4, EXNESUEDHTRA,
AeEhEHERARZHE. A6A%¥ERFENSEREEL T
THERKBELEYRZHRUAESLEDEHNEN. BEHAY
U¥KELTRTASUEYUWERTR, AA4ZNREHTM
EXHMBXRAFIT. #XEFTHERIULEWERLY & RN FIE
MEBRASHE¥SEARACAREREIRUNKRANAESAEY T E
REERBUEY. BTHTEIUEY, SABRIUANBRDIER
HOKEYRTUIHARLESEHORR. EXHHRAT, &
—HFEETHERY, BEACAYEFLEDNRARERERR
BMEVEHNESUEYRTH, MARAFRMOTEMN KL
FERIWZAABPI RN EROLEY. BOCHRENRY
I FRELE—EXFRAGNEH ENBELEGYN. AGHFRK
HMABRMAYFR=ETRANER, RRX—BHERNNGHF
RERKHBBRTAHELE,
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1.5 RE

MU EHXMERTTUAEHES, EONBEAKREZRE
SFAFLEHHEEERAEREEMNRANTAA. b, BEAHRST
MAREEBRBRERIFFIIUR-RGH (RE=ZREHTNEK
M) TRSEXMHEFRUERNANEREHEFREZENEZE. K
ARERTEMANRODRUEAEZIREEEAPHRERMAER
ERESFTKFLEHHRR.

EASHEBRSIIAINKBKRENDRABMH L, LS 5B
MRENREMER, BERKAKRENEDESE, IRTHRAKEE
EYERBENLNOFARERE. FEOAG AR RNRA THAKM
BREHMBSETEHXERNARERAE. EVEDREFHEN.

21



R KFH L EA R

FE DIREUSEBRAKREEERREEEANE
me B8 % 4R i

2.1 5|8

JAME LR, R+, RELFEER. EFNERERZ WS
KM EYEHNEESE EFEREEAFRRBEH N HBERN
XKEGSWNT ) SEEARHEEFRAMANIREER, BEEN FLERK
HAREMWNTs) EEAREEEANHAFIHLER—IZE. &
SWNTs 58 ERAEARMEEANNGK, SREEFHENES
(5358601 BAKER. n-nEH. BARSIBETEFEEMNEA.
EORMEHNEANEARMEEHTLUES SWNTs 5BA A
XHBEEE, HEEARABMRKXEEHZ R T SWNTs &

D
[ =3

FZEFEFRWTTARAERKN MWNTs B3 REhAEL B, 7
BERRANRAER BEERANZACEABEATSEZEARMN
HEER, MEBENIAEARREFTRAMNEYEDIRARE S
B. FREAEARERABHEHRAKE --MWNTs Z 8 ¥ 48
EERAANEAXRMEBBPOXNMNER)EX, AREE5EAREM
f-MWNTs FIREHEREx. Wi, RMNEXAZTLPEERENL
BEHAKENHR—PHREAUTEIGLS - MWNTs 5E AR FEMN
BOESFRAABENES. SERAER, BT X MWNTs X
EU¥EHTULERSEMEEYEAHRER BT EYELY
BN, NARBEAKEEEYEA TR ENRETRMNNAATTI
.

2.2 TRHEMEE
2.2 1 ERMFMREN
RN
41§ B3 %/ A (BSA)M B Bio Basic A 7 ; BRM M E(CA). M

22



WHRKERLFMARI

AEAMHG). CEEBMHKMIEEBOVME B Worthington
Biochemical 28; ZTEBAXRE W B RINAKE, 1-G-ZFEX
WE)3-ZEHK T EEDC)M N-B E 3% H B ¥ & HOSwM 8
Sigma-Aldrich 24 8 . ' '

LAY
1> Vario EL-1II 2% ¥l 7T % 4 #7 {X (Elementar Co.Ltd., Germany)
2) H-7500 # 4 & 7 8 % % (Hitachi Co.Ltd., Tokyo, Japan)
3) Nicolet 380 {&37 o 3 #: 4 4} % # {X (Thermo Co.Ltd., USA)
4) F-4500 4y F % )t 4 )& Y& & it (Hitachi Co.Ltd., Tokyo, Japan)
5) J-810 [& — f& % {X (Jasco Co.Ltd., Tokyo, Japan)
6) 1SS K2 % 57 #5 &l % )t & & B W 28 (ISS, Inc.,Champaign, IL,
USA)
7) #FE # {X (Model KQ 218, 100W, 40kHz, Ultrasonic Instrument
Co. Ltd, Kunshan, China).

22.2 ERBEAKRENTIEERL

¥ EBBEAKEE-MWNT-1)E T 1:378 & B9HNOy/H,SOLB B F ,
OCTHEEI N, ARBAXEZE TSP, BIARFIBENRE
Bl BPHERAI2mERRERAEEIE, AFHEZEFK
RABKRZEBpHERNTO0. BEB LHRERLZ TR, =Y
FA 48 37 o A28 40 41 e i (FTIR)R WU 4 47 440 B P #E1720em ' R
HEXRBZTEEAKENERCLERENL, EREXTDUIRMK.
BIMXHRENSERAKETC-MWNT-2)REKFREHER W
ZEAWEKM(THH)FE#S R A RIFHS 8.

EEMWNT 2B ERM E#TEEMNBLARTUESIZEHRHA
XE#— =Y. RRVDEMEIES: -MWNT-2ZETHFF
BI-G-ZREERE)I-ZEKR T REDCAN-BER B T X
(HOSu)E 304, REMALTBIOBHRNY, S4B HF24/0
MHERREL. KNSR S YA 0. 2umsI PTFFRE it % 3 F THE Al
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LEMEEL. "TYWESTEREIR, B HTERF-MWNT-3))F 7
THEE-MWNT- )R ZEHRPAKE .

2.2.3 BRI M

AEEFKEHDEH EAH# &, KE HS50ug/mL; f-MWNTs%
HEZBBERT, WE H330ug/mL, THRFI-MWNTsH K IKRERHR
BE. EZBERT, FANAKAIRENFTREFN S HEEME2.D).
RAUZEAREFARL EEAEBRPZEXRMAL-MWNTs, £ {-MWNTs
HRIAWESHHRO, 1.1, 2.3, 4.6, 9.3, 18.7pg/mL, WEF-MWNTsX &
HREREPZ WM. £3%340nm4it %% 5% 5% B A T Stern-Volmer 5 12 B 7
. BR¥K280nm, RH K K340mm, REEENEKTER
300nm-400nm, 33 # & & 1200nm/min, MR M K k&N
sonm(EPmaEAHESYH10.0nm), BETOOV. FLRAEZE
23 C &M TFHAT.

n, g 5, ﬂz g

B2.1. SRFHAARMKEN > EH

1: f-MWNT-1; 2: f~-MWNT-2; 3: f-MWNT-3; 4: f-MWNT-4

2.2. 4 B iE) 5 9432 3K ¢ it

f-MWNTH &K & 5 9.3ug/mL, & H FEKME H500ug/mL, BSA
J800pg/mL. ¥ &K H280nm, #7# S A Img/mL A4 45 AT 8 .
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[ 3mL¥K & A 500pg/mLEI & B & W F A 40pL¥K E 5 340pug/mLE £
BHRAXKE, BHASNEEBCTHNERARBSRAEMBTIL.
FI B VINCI-Analysis G #TNEHB SRR F G ERHH R
BERBREFG.
2.2.5 Bl-&i#t

EAFRME-MWNTER EF2.2.3, S# %K H190nm-250nm, 5k 4
% EE2.0nm, H#EEESOOnm/min, HERMHEXEEIOnm, FAHUEKEI=
KAMEFHE. BYaghFERAHEBIEAR_-_REHWESE.

2.3 ER5i1#
2.3.1 SEBRAKSHELES

BUABRAKREREHXITARAIRELEHTURRTRLRE &
B, EHERH —SMHSOMER, WHKE. BEEH, ZBUK
SEME%E, NTERXAEEY TR, BRUELEERHA. UXE
MR AKE CMWNT-1(ER KX 10nm B EF 40nm) W R BHKRE
HREFHILBHIIRAESBERAKE CMWNT-2, f-MWNT-3,
f-MWNT-4(& 2.2). HP -MWNT-2 A RBEABRAXKE, ELR %
B FH A ) HA B, -MWNT-4 b F#H. BB -MWNT-3 &
REEAHTERHEEREYE, BEHNARABRRKNZTRAESHKYE.
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B2 XBRFFABMKELWRER

1: f-MWNT-1; 2: f-MWNT-2; 3: f-MWNT-3; 4: f-MWNT-4

f-MWNT-1 & 4k /5 8 2 B -MWNT-2#) H 12 B & Hf 2 % (TEM)
RIAE(E2.3); -MWNTs_ L 1& 1 89 Ih 88 40 2 F B 8 3L 5 % 40 4h ok i
(FTIR) (B2.H)MEHTE D (R2.1)RME. #£1713cm b4 st ig B
AE-MWNT-2EHRE; TESTER-MWNT2HE & E50.08%,
M -MWNT-30 B & B H0.63%iE I f--MWNT-3 LE&E LT AR EHA;
1713cm™" &b 41 41 i () 9% R F12957cm™' . 2850cm™ &b 41 4 i () 38 38 iIF B
EMWNT-4 L3 F T R R F 2.

B
B23. TRFFAABAKETEMESLR, AH10nmAIf-MWNT-1; B,’&4 10nmHY
f-MWNT-2; CH40nmfiJf-MWNT-1; D, 4 40nmf) f-MWNT-2

26



W H KEFH 2 A3

P-MWNT-1

76
f-MWNT-2

Transmittance

4000 3500 3000 2500 2000 1500 1000 500

Wavenumbers (cm'1)

Bl 2.4. f-MWNT-1,2,3,4 FTIR #

-MWNT-2ZE#HITH— S DL IR, HTHERNEBHTE
2, MATIOELENRNEY, BFH-MWNT-3H30%H) ¥ 6E/F £
B AT FmocR Y, Bl € EFmocB B f-MWNTs ERER
£ 50.4240.09 mmol/g. EHEE-MWNTs L E TR E 1T & 047
&, B3 EX045mmol/g(F2.2), SFmocEEAFNWER -, B
HRAMABECMWNTSHHEEA T RS, BHREHETES.

£2.1. -MWNT-12340 TE P HER

f-MWNT C% H% N% # B (mmol/g)
1 95.77 0.18 0.09
2 84.94 0.63 0.08
3 90.7+0.200 1.00+0.014 0.63+0.008 0.45+0.07
4 93.1+0.17 0.79+0.008 0.63+0.005 0.45+0.04

2.3.2 f-WNT5ERMHEEHER

2.3.2.1 BERE%X
EARGASHEERARCANEERRE: EREM(Phe).
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BER(Tyr). BER(Trp). X=MHEERIAANFARAF I3
R THR ELSHERBRTRRBETHRREREAEBES
Y. EARMEBSRATERETAARNBRER. KB EA RN
RAFEHAERRETR . CERBRENILEREF B RFRE—
MENRE. EXROREEH, NERGSAEFTURIBEMNRME. K
VEBAMESER. SARNURBEARNERESZRFEBD. AT
BERARSRANKEFRRT —RINEARES-MWNTsKHE/EMA,
EOZ4EZUANEARST THREMBE2SMR22MTF.

Hexakinse Hemogiobin

QOvalbumin

HSA (model of BSA)

25 XRTHAZE=Z44%5W

®22. XBRPEARKE. 2 TE. FHANEEREFER

EH R X 5 AT R Swkpl GCEMRNE
BSA & 1 ¥ 66 4.7 3
HG 4 41 M EK 16.5 6.8 6
CA 4 41 BK 30 6.3 14
HK B 100 5.2 4

Ov :ig=| 45 4.6 12
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2.3.22 BAAERER

EAFRMASEARHECMWNTSARAEENRK(B2.6, HE2.1),
EREARES-MWNTsZRRETHEER. A THETHABRE
NMEERFECEHSER, UL, UE-MWNT-20 6, S#E%EEL
EULEEAKRBEENHNER. FMWNT2EZRAHNKRET, H
HEMAEABRENEARE G RABEML200. Ho, -MWNTsH
HEXERNZEEREARL, BEEMAL-MWNTsE R R KK
K, EHEMWNTsHESHE S RAEEXRIR T LLZEE,

/7

0 ] b :
300 320 340 380 380 400300 320 340 380 380 400 300 320 340 360 380 400 300 320 340 380 380 400

Wavelength(nm)

E2.6. EEHFCAMBSAZE Hf-MWNT-1,2, 3, 4B i B EHRIEEE,
fMWNTEZARBERFRRELEF G LBERKKKO, 1.1, 2.3, 4.6, 9.3,

- 18.7pg/mL

REStern-Volmer 5B, RAEBRKERABRKAKREZEE — &
BIBMEBFXFR: Fo/F= 1/t =1 + Ksv[Q], Fo. FHl 1, 17 A B KA
MERXREHRAEBEMNR LSS, KvIBEREBRXKANE SR
B, [QVHERAKRE. LR FL-MWNTsEI H R AEB KA. EHE
R, BFMWNTsEGH FEMNBRAENRHE, PFLLL-MWNTs
MW EAug/mLREBERKRE.
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— 1 a:Bsa B:CA C:HK [D:HG [e:ov
:: 10pm 10{nm 0 nm 10inm
— 4
— E0

et | :

F:BSA 10161;1 cA lo :':“HK AOE".HG l :m ov

0 5 10 15 200 5 10 15 200 5 10 15 200 5 10 15 200 5 0 15 20
f-MWNT Concn. [ug/mL]

FoF
0388882,338588

2.7. BEFAE NP -MWNT-1,2, 3, 4% X I Stern-Volmer i ¢

60
: L BSA
% — K:BSA +120mM NaCl
30 0nm
20
10 _—-ﬁé
L g '
gl M: HK N: HK
50 ’ J +120mM NaCl
40
30
20 10 nm
A
0 e

0 5 10 15 200 5 10 15 20
f-MWNT Concn. [pg/imL]

K2.8. MANaCIHEBUREEFRBRENESTHHES RHE-MWNT-1, 2%

K B9 Stern-Volmer#h £ .

B2.7A-J 8 -MWNT-1,23 4 LR TEM LB EEREKH
Stern-Volmerfi £ . E2.8K-NAMANaCIERRE T B TEENEL
T, EPHEHEBEAFEHEI-MWNT-1, 2% K #Stern-Volmer i 2 . M\ E
28RAMATUEEE —TFILA: ‘

1. B2.7F-J5E2.7A-EL B, ERH40nmAIf-MWNTs5E A RE &
ERN10nmM-MWNTs5 BEAMNEEER. SIEX—ARZNER
W EL-MWNTsHEI B ER2HX: MEXRANAKRRNTEEAR
MEBRERK, FEENSHBKE L, THELXBIOHKET
5EARERMARDN FRBENEHBRBHENEELBROHKT
ELbE, NTSBLEEEANBIER XNMEREWAREHR K.
ERETREEERANEAKRBRLERIMNAKIANLEEEES
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[84-86]

2EMWNT 2R ERARAENMBEREEERTHE=ZFAEE,
f-MWNT-3{0 XK F-MWNT-2, -MWNT2RREMLBOBE, EHERD
EmM, HHaf, FEECMWNTsSSESRNHEEAR S, #4
RbEEEZEXEEMEN.

3.7E 10 A NaCl¥& ¥ JG BSA R 5% OL K 58 B X -MWNT-2 8 ¥ % 5 /b
(E2.8), MHK, HGU B R T EEMBERKBR . XU #HI-MWNT-2
EEARMAEIARREEIH#BRRINANEESEARESNER
i EX. ALRPHEFBEARNSEAPIHNTFT, FUEE
R%HET(PH=7.0), FEEOXBAWHABRA. & TLMWNT2HH
i, FUAEHEEBRPHERAEBNMWNT2EHEERT, 58
BESTHPHREAHEERREEE S ESHESRAKERAR
MBANEERBRERERBRUFTESL —FPHRAART.
ABBRRKNEARS TEESE-MWNTSHE S, X— AR FTRHE
HFABRAMEARS FEEANRERNEZHNEERRENS
ERB®ETEZHZ@E. .

5.f-MWNT-2f] Stern-Volmer i AL HEBHAXKEN B L FTHE R £
FRAR BAKENEBANERENENRER—IBHERRL
B, XHERLGES5EARMETACIBXREREEEYRA.
REVRMNEABRRIBITUSAFHMN: NEBRRKNESEX. HF
BREBERAMREYFENEERSS TFZIARRENHEEEALE,
MEBEHBUERBTHRELE. EXLBAT, o684 KR EN &K
REEEY MEXEHEAZEYTRARHRARRAN RS T H
S5ERAMNRAYREAR, NTISIERABEXRAR. BEAFRXKEE KN
MEXRYRES FEESNRERERN, BERSGYNERBFERXR
EANRAEVENBEAITREBRUBRAETERT RAEDERR
KEBEE. RHBEBERAPERRBERYUNTERRAFGNAUE.
EBEBRXEAT, BERXANFEFRAAEZRAS THEAENF
W, AERAEGAREXTENREER—BRABGSERIE. E£3)
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BEXKERT, BRKANGEEERAEGEE. RNUEBEOERNK
HEGRFE—SBIT-MWNTSERXEBRZAHHT R,

23.2.3 EEREXFHTUL

B2.9%BSAFICAK AR A %I dh 2k, 3L '& & G 5 848 8 & dh 2 LB
B2.2. MAETZAH#HXBRREARS T, MAMEREANBHET
HEHEESSE®. BTHGHRAEBERS, ULTEFERFTRA
BIHGH 3 K . |

% - - —— 1.0
A sHeddatonrato—] 5 < 0.8
60 X . 0.6
40 3 / 0. 4
20/ . 0. 2
[} —='/ 0.0
& Py —— P 1.0
| 9 \ . \ . '/__0.8
‘: i v 0.6z
&0 AR AR 31
8 0 4 16 m§ 4 16 mgog
g%f ——— — e . * l-og
£ 60 N v N : '0.8§
' ’ ; ' . 6 =
© ; \ " /.\K245
2c /\A'ﬂ ’ : .2
o.{‘/ —=ﬁ'/ 0.0
& oS " . 1.0
b . ‘\ R '\ . 0.3
o S \ e (3
’ " N0.4
20 e e : Wl \{: 0.2
0 .
2 4 8 16 32 64 1282565122 4 8 16 32 64 128256512 0

Modulation Frequency (MH2)

2.9 . BSANICAZ I NS AFHABH ML, EARMKERTBSAN
800ug/mLE AR FEAKE Y H500ug/mL, KRENKKRENI3pg/mL, HZH
10nm.A: BSA+f-MWNT-2; B:BSA+f-MWNT-3; C: BSA+f-MWNT-4; D: BSA; E:

CA+ f-MWNT-2; F: CA+ f-MWNT-3; G: CA+ f-MWNT-4; H: CA

LRFHEANBEORYEE SN CEREE HRAFHEAXN
BHEMERBE. RABIFANRAEFHER2.2), HFEFInsHR

32



WHRKFFTHEIRL

EFEFHURS, HFSHEARLRR, BEKORAF®HLER,
EFrb e RELRA. "ERRRAFANERST: EasTHRY
NEFESEFLEHRES: EBRRSAEBRBNE,; CEEBRKEE
BECERAAAR: CERBEARMENELE: BH AN EXNY
WM. NTFARERTHESR, UEEHRERTUIREFLE.

F22. EAREMARAAKRERENEHNEAFH®, nHLA2HANEAED
BARKES, GHLSHIHENREFGNEAS, XXHLRF £,

Title © Ty (ns) fy T, (ns) f, X?
BSA (800pg/mL) + 0.28+0.009 0.06+£0.001  5.85+0.021 0.94 157
f-MWNT-2 0.07+0.003 0.21+0.001  5.99+0.025 0.79 84.6
f-MWNT-3 0.08+0.004 0.13+£0.001  5.88+0.022 0.87 83.8
f-MWNT-4 0.11£0.007 0.08+0.001  5.81%£0.021 0.93 116
CA (500pg/mL) + 0.08+0.008 0.17+£0.001  5.14+0.022 0.83 401
f-MWNT-2 0.02+0.005 0.25+0.001  5.09+0.025 0.75 273
f-MWNT-3 0.18+0.007 0.19+£0.002  5.18+0.024 0.82 403
f-MWNT-4 0.12+0.006 0.24£0.002  4.99%0.025 0.76 271
HK(500ug/mL) + 0.44+0.032 0.06+0.003 4.14+0.021 0.94 27.7
f-MWNT-2 1.79E-008+0.008 0.14+0.001  3.89+0.014 0.86 27.1
f-MWNT-3 0.05+0.016 0.12+£0.002  4.06x0.019 0.88  24.1
f-MWNT-4 1.73E-008+0.005 0.12£0.001  4.25+0.014 0.88 180
O\; (500pug/mL) + 1.10£0.018 0.23+0.005 5.51‘10.042 0.77 99.3
f-MWNT-2 0.09+0.006 0.25+0.002  4.75+0.024 0.75 275
f-MWNT-3 0.10+0.005 0.27+£0.002  4.27+0.025 0.73 42.2
f-MWNT-4 0.174£0.009 0.16£0.002  4.68+0.022 0.84 115

EALRTFEBARRAEFAOETALEREHS, B, EdH
BRABHHEMWNTSH EARRLNBERXBRTHERX, ZAR
AFEHRRAKREZANBEERRANEARENESESY.
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LIBSAN i, th Af-MWNT-2F f-MWNT-3J5, BSAHKI 1, {E MK,
R SHFNEm MoEESRE XA LEENREMANRD.
HFLERERNIERLES®, ENEEATRE, HHAEBRN
FRHREREOBERRIEFEIEN. ERLNBLEAESSRE
KEBHRANGEE —EEENPERR. E—HBIHURARE
AAESESBRAXRETRERMETIIIERR, RUEFETER
SFHETRESNBEANSEINRT. BEBRAKENMA,
KGNS MEREEENKEFaRAARIHEFARER
e HFES FEARXRELARIABABRFMAFTERENK
HAREERHENEAGLELAY, UREGB _-_AEFTRAER R
HEHERRNBENRD, FURAEABBFT AR KE U
B, BEUSHWEREMNLE, EREXRABEEAS THRHMNK
EHARBFNERP, NTTEBHRHEIBLUREFE®FRAR S
BRI . REKE, EAMNRASGELARBTRERXWL, B
EARMEXRBRRAIGARRIE, FUEARS FERAXKE
ZEHMAEEARAINERBENESESY.

2.3.2.4 EEHR-QZHBTL

AR—RHEAR, EHARRERELERST, BREFLERR
EWZ%an, — EXHBENZSH4HEIER, EERNEDY
RS ERFAZEARRETRAIXESEHNARINEHERA
BAKETEYEFERAEANANER . EEREMORLTUHUTIL
R kAE: BARRERASEMEN TN, REBRELE, |
HEAREHERLE, RABBEARABAKERZEINERNF.
RABREEY, RHBOREHES: EaRARAFONEL, &
ARMAAEGRETFEARMHLAANA=ESH. EAREAER
B, HAXEGREEFE, —REMEIABRFNEARRAFGE
2.5nseckEh; BAREZEMENEWL, B-6#% (CD) TUSHE

Eﬁ:ﬁ%m%%ﬁ.E%%%ﬁﬁﬁﬁ%ﬁﬁk%ﬁ%ﬁﬁo
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REREAENNEIHARALRIBEL-MWNTS B G E W
EERAAFBRBRENEAEESY. FMWNT2H BEARRARRER
RK, M HSrern-Volmer#i & H/ LH AR, XERZRFEF-MWNT-2
EEOAR4ANEIBEEARN _REMRETEN, BREMNAER
THEEMNETEARN K4 M. BSARCAZE M AL-MWNTSsE /& i
CDESHEBEKURBAAEMFEERENZTLRLE210, HETEAMH
COMERLKE23. 5KERMLE, COMABEMEAREGHER
QOnm— F)FEEKARKMWEE, XACDESERTRARMRE,
FTUZTEBEE Yang F BN CDESHETH AR KN EHE T2000m— T
5.

BSA-1 BSA-2

[
(X

BSA-3 BSA-4

CD(mdeg) HT(V) CD(mdeg) HT(V) CD(mdeg)

o . cA1 cA2
_,ﬁr?\/ A1 '
40

§:‘; cA3 CA4 cA3 40nm CA-4

T

%-22 P\/ V A/_
40

190 200 210 220 230 240 250190 200 210 220 230 240 250 190 200 210 220 230 240 250190 200 210 220 230 240 250

Wavelength (nm)
E2.10. BSARICAZ H 2 % 10nmM 40nmAI f-MWNT-1,2,3,44E Al F BB CDi#

B, f-MWNTsHIREK K KO0, 4.6,9.3,18.7ug/mL, FEEAFHKRENH

50pg/mL.
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TRAHRFERANEAREIIOnmA T —E¥, 7£210nmH 220nm
HEFEHEANRE. BSASI-MWNT-2HCDfE 5 R B E M EH 2 10nmiE
ZAmFEEBR A KE, MBSAE{-MWNT-3HICDE S REKREER
BHAMAFEFRRHKE. 555 R -MWNT-2F BIBSAZE222nmH f
i g1 -80mdegree ¥ i #/-60mdegree. LA Yang!**175 12 Xt CD ¥ 3 # 17 #il
£(%2.3), HIOnmBEEMNE W FBSAZRE M Fa-BRNEERD
10%, B-% f M 3% 4 b 5%, 70 p-H7 & M N20%. 7ZE40nmB &
EHT, REAEHAEEHBERAZA. TRIEHEEARNZ
FEM it HEREMR2.1P, CDERDETRARKERHEZH
%,

*2.3.BSA-f-MWNTsERFEA_LEHNERE

g8 | a-Helix (%) Bp-Beta (%) -Turn (%) Random (%) Total (%)

BSA+ 31.60 16.80 20.30 31.30 100.00
10nm f-MWNT-1 31.20 14.80 20.30 31.30 100.00
10nm f-MWNT-2 22.00 37.70 14.90 25.40 100.00
10nm f-MWNT-3 22.70 37.10 15.00 25.20 100.00
10nm f-MWNT-4 24.50 35.90 13.00 26.60 100.00
40nm f-MWNT-1 27.30 26.10 16.90 29.60 100.00
40nm f-MWNT-2 24.80 23.70 18.90 32.50 100.00
40nm f-MWNT-3 . 26.00 25.20 17.10 31.70 100.00
40nm f-MWNT-4 25.20 27.70 16.30 30.80 100.00
2.4 &t

zls‘ﬁbkb}i%‘mi%m?zﬁﬁ\%ﬁﬁiﬁiﬂﬁ%ﬂxﬂﬁﬁa/ﬁﬂ%?%*
BESEORMHEEER, BEUTE®R:
1. EARSIMWNTsHHEERAZBEFANREAESSAER
MR EW.
2. EARSMWNTSHEARER TR ENED-MWNTEEY . B
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BREEGRET, SAPTHEEARRAERRRA(EELBER
), BAKENBEAREABEKBTHERR, £RTRENE
&9,
 BREAEEARSEMWNTSHE T A PR EXEE M4
. BEAZES, FMWNTsRESE A EHREREan, B
RIMWNT-IAREREEHHERAXRE, E5EAREBE -tk
FAHESLS, BRREES M AFHEMWNT-2,30%8 T X 8%
EEEARMAEAR. EEMWNT-4ESREEH F 2%, B
TRHEERE, WAKES S S0 K EMWNT-2,3% 5 &
B. |

BB SEMWNTSH S AN ER. ARANEARN T
FEAMRERANESNELERRENLEARBTESHZM.,
. HBKMLMWNTsR4ARENEAHK. ME2LIFR, HEH
KWEMWNTSEEESHEHRK, EAS5EAREL. BN
REBRELLRTESHE, FX5RE0HEMHAE.

A. 10 nm B.40 nm

B2.11. EEREFXRARANAKRRELHNESTER

HERLERATEY, EERSE-MWNTsHES SRGHERAN

XEUEZEEANER. tMWNTs5FAAMNEAREAEHSEH

FEAFEARAMNRABRRRRUR - EHEXRA . EARELEWESD

FR-MEREENALST, EORMEREREEMR. Fik, &

HHEMWNTRY . BR. RO BHRERTDAFEFEATURATRS

BEORMNEGARN AMBAXEYELE REEYENHE, RIEMWNT
- EAKREVHBREONEES.
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E-E DEUSERAKREESEOREEERN
Ui i

3.1 3|

BAXKEEEYEALEA AONARSL, S BHEHEH
MEAER, BAKESHAANEHRTLAS, FHLARE, EZTU
EZAR. DNA # FHES. —HAXKMEBNEDERTERS
RREUFUERFTRY ERPREXRTDERE LAY TEDRMLE
MAAUENKRBEERAEGNEDENE, EMERXELY R,
AHRER . BEEE. DNA EREURREET W EBIETN
N A .

FAAAHFEREN KM REHATE N T LUEERNE
FHRMBRALEDHREONUEDERTHE NTBBAFE
HEHBLED.

FRBAMHAAGUEREENRAREREDATIHREMLEN,
RBTHRLEHNERAKRERE FLRNFARS FERAXE
HEERANAE, METPRELZTHEFN. RELELREER
BREEHIBHEMN -MWNTs, [F B FE H X B EHmH K H
f-MWNTs, 3 f-MWNTs EEAFTARN N HRU TP N ERKE.

3.2 XBMHBMAEE
3.2.1 &

411 # A & 8 (BSA)M B Bio Basic 2 7 . BME & (CA). 411
41 B A (HG) ¥ B Worthington Biochemical A &, B XA B (CT)¥
B Sigma-Aldrich 2 8. ZEBRAKEMERIIMKE, 1-G-ZF
HERE)I-ZEH - T KEDC)M N-2EH 5% 5Bt T ik (HOSu)ily
B Sigma-Aldrich 28 . HERXAMARAEHA.
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3.2.2 TWE

1) Vario EL-III ® H #Hl ;t & 4 # {X (Elementar Co.Ltd.,
GERMANY)

2) H-7500 # §f 88 F & # % (Hitachi Co.Ltd., Tokyo, Japan)

3) Nicolet 380 f# 37 M 2% # 4T 4b % i {X (Thermo Co.Ltd., USA)
4) F-4500 4> F 7% Jt 4 & ¢ B 3 (Hitachi Co.Ltd., Tokyo, JAPAN)
5) TU-1800PC % %t 7] L 4 )t )% & ¥t (Beijing Purkinje General
Instrument Co. Ltd., Beijing, CHINA) .

6) 8 & K 1L (Model KQ 218, 100W, 40kHz, Ultrasonic Instrument Co.

Ltd, Kunshan, China).
2.3 MBS EHRAKRKEENER

HTHEMKERERENEE B LR EZ WA Z 300mL
KREBAAREONESY KB F (ABE 1:3), MARERE
BEKE, BAEREBFAEZT 6oCmHt 3 A, RNTEEAH
EEE,HBELEA 1000mL B F KRS, S RIS D S BEER,
EELRELRGLABREEZARR pH KA KX 70, 6SCHZETRH
24 MRS, YA FTIR 7317,

BEENEMR: H Fmoc-TYR BHMBAKERTE 20%0K
BEH) DMF WP, SOCEY 2 B, 4500 HEBHHEL™Y 30
eh, WHEEEBR, HAUVAEBETL Froc NEE, ALBUKER
TESK, EETREB*=D.

¥E—FLER=WET SmL XK THF #1, ZEEFE 15 48
FEH A8, A S00uL XM B ERBEBE K 300uL MREFEHS
A, 60CKBTES 24 M, MAZELLERN. REERE
AELRETENAFRGL>Y, A HPLC Rl L7 bl i il i fhid
B, RETREBRE™Y.
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1) 8OCY, lz)R,—N\H

B3l REDREUZBEAKEESRBELTER

3.2.4 BABRNAN

AZEFKEHIOEHBEAEML BERAKESBEZEER
F, REIRREN 330ug/mL HEFR, REZECEFRATEAER.
ELRFTANMEKAKRECLEERTHERFNSBHE - ITR
WWEARBAFRAENRML, EEABEPERXRMA -MWNTs, 1§
f-MWNTs FILWRE D5 % 0, 1.1,2.3,4.6,9.3, 18.7ug/mL, BEHXK
WHE KR S0pg/mL, MW -MWNTs X EA R KA E WL K 340nm
MR IEEH T Stern-Volmer TR HE . RARIMMEH N
BREK 280nm, REFHEK 340nm, RAEEMBEKBEN
300nm-400nm, T HEE 1200nm/min, MR KF P&y
S5.onm(EFPmAFEAHESIN 10.0nm), BE 700V. XLEFHITH
BER 23C.
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3.2.5 EEEMAEAMMME

B 25mM Tris-HCl &P & W (pH=7.60)E % CT B #; #
f-MWNTs 2 BEE B TFKF, EHIRKRENR 200pg/mL BF K. ¥
f-MWNTs IHAZ CT B®&F, 23CTHEE 3h, IMAKY SPNA,
BEYF CTWRE S 80pg/mL, f-MWNTs 3K E A 40pg/mL, SPNA
WHE X 1.8mM. 2% 10min A 405nm L ESIBRAEHEHL, U
Asosam X I [8] 4 B, 18 3 B £k £ 3 B) O ok 85 4 1k R RV 9 R R A B
vo. A f-MWNTs j5 CT WEBSEHZ R AREREMNNG, BEK
RN R B EE o, BEERMEE N i%=1-uv/ v, ik
H X} M vE B B R A -MWNTs.

3.3 ZEREE
3.3.1 L Z EHAKREENRIT

RiR"N-

~ - X oﬁ N ‘ }-NH
i L O O O™ e G e Y

AMO01 AMO02  AMOG3 AMDD4  AMOOS  AMOOS _AMOO7 AMOOS

5 6 7 8 9 10 N 12

13 14 15 16 17 18 19 20
21 29 37 45 53 61 69 77

22 30 38 46 54 62 70 78
23 31 39 47 55 63 7 79
24 32 40 48 56 64 72 80

25 33 4 49 57 65 73 81

Of |26 34 42 50 58 66 74 82

AC006

0% | 27 35 43 51 53 67 75 83

Acoo7
ON

Os1 28 36 44 52 60 68 76 84

ACDOS8

B 32 AAU%UFEHEERN-MWNTs EH4E47EAE
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FHAEHI> THEREFRNEHEEEITFERANS AR RE,
BE i, 72 -MWNTs FE B R 7t 5, A8 T Accelrys & 7] #) Accord
and Pipeline Pilot X H HEBETHESHHENEREA, BF 31
MEEMM 26 FBK. 2T SHEERANINBRERERAH#ITA
ENELEMENER, ENEENEH. HAER. KEHE. &
HEW. TRHNSELSTHRIEOAERANER. ARNASHK
SR SERAKEERLS 80 F -MWNTs B 3.2 fix. B 7
BEDTZERAKEROEHMNEARAKLAFERANERHEMN
Yy AL R .

3.3.2 IRKUS EBRAREENRIE

K PR {8 T ¥ 44 % i (FTIR)X f-MWNTs | £ (9 Th &8
WERAHBITRME (B 3.3)c MWNT-001 HRERFE FEEHE MK
&, 1713cm A 4P R B MWNT-002 REH AL BERE;
MWNT-003 EHEXREHRES Fmoc-Tyr RNBE, & 1710cm™
Mo eI RNBEANRENEEMNE R: MWNT-005 &
MWNT-003 &ML=, 1710cm™ &5 s kM 2924cm™ .
2843cm™ b 4T 4h I B W AR IE B MWNT-005 LB THEMT HF K.
1787cm™ 44 4h & K 8] MWNT-073 & H B M.

NN T-001 1631
8 T
c
£ A _,v\//
g 1 /"\/—/
© T-0f
= 2024 2843 MJ
m
4000 3000 2000 1000
Wavenumber (cm-1)

B33 -MWNTs EF LA BEBEHAKENLHER

42



WRXEmE2MIRL

gAhNE 3.1 80 TEM B LLE H, & f-MWNTs RE &% LR
AEERARE CMWNTs AV RERHBRAERER, HELRIEHH
B AKRESI BT ARERS, TUEZRRBRE2MA.

ME 3.4y HPLCEE T E K, -MWNTs EL 45, X
BRERFEBENG L.

i g
® g Y,

’ wash 1: MeOH
) VAL

]
0

wash 2: water ;

vlash 3: MeOH -

y =

Absorbance

wash 4: water

Ny

wash 5. MeOH

o 1 2 3 4 5 & 7
Retention Time (min)

B 3.4. MWNT-031 2.0 54 /L AR HPLCE B
3.3.3 BT KN

EEAFREARIRABTUEAXHENAZEERBIARS,
HmEEE AR ERBONEREENESARE NR_ERE
MERTUBHEOREARREETURAERNEEARS
LMWNTs ZA4MER, RARXKETEWEARSE -MWNTs 44
fEE, HRMNED. RAREKERYEX -MWNTs B K 55 & 7]
DEERZEEERSE FMWNTs L& 1HE 5.

B35 43 ANBSABEFE.OAES . BEAEBE -MWNTs
GAORMARARERER, ABFAUEL, TRANELEHHN
LMWNTs M EARKANKERBERAAN. 4RXY: B4
A EEEmHELEME MWNTs WEEHREEGHRNEREH
f-MWNT-002 H L BEMB. HLRERHFTRAESHIKA, BK
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ACO05S EANNMEARMKABR KEEAHLES, B EERA
E—MEENEA, BET—EPTRTEAR-_LHUWES
f-MWNTs I mE /), B -MWNTs B KBINEE .

|
Carbonic Anhydrase

3.5. IMEAS FMWNTs £ 4GB KE

3.3.4 EEABN TS

HEAAT -MWNTs EFHRESZEHEARNEEER, H
FCT R—MATEEFHNE, BEREALRHI—PHRT
f-MWNTs X ZBEE R MEESL. NE 3.6 7T LLF tH -MWNTs 3¢
BMAMHEBERERBR. Hb AMOO2 EAXNBEHAEFTRENW
HAER. TLEMNFTE AMO2 EANBRAKETRIEAHENE S
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ECTHEHMAREEHALSHE, NTIEREY T FE5BRE
RE. MAREBERFAUEL, 885 AM002 2EHAMNKES CT
MESHAREEN, RINEVUZAXKERFREFVERHE, AT
EENSE CTEHMAKEESE S, NTEEFRENEYRFRYE.

Inhibiting Percentage

W

3.6 f-MWNTs FEX CTEH MG T 2%
3.4 &

ALBRMNREIRALEHNSRRAKEEESEBRE S
AR BEENG T ERETTREFELSHNEZEARSE AN
BEEMEA T EAERFENKRE. B%, BE AC005S EH KK
EE5EAL A8 MRS, EXNBAR_EHBENBEIRD, RE
MAONHE SN . T AMOO2 EAXEEZEOBEENMEERK, A
DEAMRECTE AU AEBOEEMLAME, R REFNELRH,
RHEAEBRKONHE .
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Mt B F0 B R

F & 2.1 A-40nm, A-10nm, B-40nm, B-10nm, C-40nm, C-10nm 4> %
A HG, HK,ov E B AR E & f-MWNT-1, 2, 3, 4 W E R H € )5 I
RIEEHE, FMWNTs EEERBEBRFRIREEHFLERKKA O,
1.1,2.3, 4.6, 9.3, 18.7pg/m.

A-40nm A-10nm
7000 [ HKH-MWNT-1
6000 HK+-MWNT-2
5000
z 50 | R
S 3000 >
€ 2000 c
= 1000 2
g o =
c
® 70001 Hi+f.MWNT-3 HK+-MWNT4 §
S 8000 g
® 5000
5 4000 / g
3000 /_\ /
Y 2000 i/ \ / 2
1000 S o . .
300 320 340 360 380 400 300 320 340 360 380 400 300 320 340 360 380 400300 320 340 360 380 400
Wavelength(nm) Wavelength (nm)
B-40nm B-10nm
5000 4000 HG+-MWNT-1 HG+-MWNT-2
HG+-MWNT-1 HGH-MWNT-2 1 {
23000 2 2000
gzooo g 1000
E ™ E o0
8 5002 & w000
S HG+-MWNT-3 HG+MWNT4 g HG+H.MWNT-3 HG+H-MWNT-4
S 4000 S 3000
[
£ 3000 £ 2000
i 2000 £ 1000
1000
0 0
300 320 340 360 380 400300 320 340 380 380 400 300 320 340 360 380 400 300 320 340 380 380 400
Wavelength(nm) Wavelength (nm)
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C-40nm

Ov+-MWNT-2

Ow+-MWNT-4

0
300 320 340 360 380 400300 320 340 380 380 400

Waveiength(nm)

Flourescence intensity

Ov.MWNT3 |

0 =

300 320 340 380 380 400300 320 340 380 380 400

Wavelength (nm)

ME 22 ZEARLINEHEUESENHEESME, a)h HK, b)A
ov, EA MK E 500pug/mL, RERNKXIRE N 9.3ug/mL, -MWNTs

Ef&X% 10nm,
a)

L& Z & %) control.

Hexokinase500mg

~a

N

He500ug +40ulCOOH

GRS
o-q

3 = : o8 ; z : Los
2 e £ By
E © . tos g § 04 2
£ / LN Ed ; E ; / s \ §
: : 5 : : : : .
. 3 02 xz 7 * ;
: hs ;\‘\\ : : . . : e
[ 0. 0 0D
2 4 L] 1€ k-4 64 12 = 612 2 4 ] % n B4 12 512
Modutation Frequency (MHz) Modulation Frequency (MMz)
Hexokinase500mg+40ulT! - T P
o H g yr 0 _ He300ug+40uliBA
T e _"'""\q‘ : - 19
i N
LY jos \»;\ o8
H : -
08
o 3 2
£ s
b o4
£ P B
2
oo
12
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He+40ulEtOH

«© —— 1
8
I 7
é H y ‘é : B4 3
o 0o
2 ] 16 n [ ] 18 r- &2
Modulation Frequency (MHz)
b)
=0~ PrassDuler —
6\.r.ai.‘:si)0ug 6val500ug;4i)ulCOOH
0 Y 10 0 T - 19
fvﬂ\- 28 ¢ 08
© 2 5 . & ; 5
§ \'\ as Ly : : : \q‘ o . i g
2 : g i Soe g
H “ : 04 3 | : ) ) 0s 3
£ / g © '3 LT T £
) / ; ; " ) / e
0 8 |v6 » 64 = 512 °2 4 a8 B E] 64 128 =6 51‘}’
Modulation Prequency (MHz) Modulation Prequency (MHz)
» oval600ug+40uliBA
L] — 19
5 g
[-3
i Ps i
e o s 2 B
i i i :
: i
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ME 2.3 HG, HK M OvEH R % 10nm f 40nm M f-MWNT-1,2,3,4 4 A
FHIg CD B, -MWNTs RIKREKK A 0, 4.6, 9.3, 18.7ug/mL, EHK
R E R 50pg/mL.

a) 10nm f-MWNTs

40 HG+{-MWNT-1 ﬁ‘ HG+-MWNT-2

CD (mdeg)

f-MWNT Concn Opg/m!
----------- -MWNT Concn 4.68ug/ml
————— -MWNT Concn 9.36ug/ml
40 HG+{-MWNT-3 HG+f-MWNT-4 ——— {-MWNT Concn 18.72ug/ml

CD (mdeg)
8

) [ —

200 210 220 230 240 250 200 210 220 230 240 250
Wavelength (nm)

20
10 HK+-MWNT-1 HK+-MWNT-2

-10
-20
-30
-40
-50

ggﬂ D B

20
10 HK+-MWNT-3 HK+-MWNT-4

0
-10
20
-30
-40
-50

i

200 210 220 230 240 250 200 210 220 230 240 250
Wavelength (nm)

-MWNT Concn Opg/mi
............... MWNT Concn 4.68ug/ml
_____ -MWNT Concn 8.36ug/mi
«——-—-  £MWNT Concn 18.72ug/mi

CD (mdeg)

H(V)

CD (mdeg)

H(V)
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CD(mdegy H(M)  CD(mdeg)

H (V)

0 —

0 OVH-MWNT-1
ok

04

0

0

Ov+-MWNT4
Y el
% 7
\W .-". . 5{{-"/

1 e,

o

R e

Y o g ]

200 210 220 230 240 250 200 210 220 230 240 250

Wavelength (nm)

b) 40nm f-MWNTs

CD(mdeg)

HT (V)

CD(mdeg)

50

HG+-MWNT-2

100 HG—+-MWNT1
50
0
-50

HG+-MWNT-4

100 HG+-MWNT-3
50

0
-50

¥

190 200 210 220 230 240 250

180 200 210 220 230 240 250

Wavelength(nm)

-MWNT Concn Opg/mit
--------------- f-MWNT Concn 4.68ug/mi
—- =~ - {-MWNT Concn 8.36ug/ml
— — —  {-MWNT Concn 18.72ug/ml

—— {-MWNT Concn Opg/ml
—— {-MWNT Concn 4.68ug/mi
~—— {-MWNT Concn 9.36pg/mi
~—— {-MWNT Concn 18.72ug/mi



W HR K¥ L2483

CD(mdeg)

-

NBDRO
(===l
000

HT (V)
3 5 8 8888

CD(mdeg)

CD(mdeg)

(€

!
% 7&- ‘
200 —= =

HK+-MWNT-1

HK+f-MWNT-2

N

HK+-MWNT-3

HK+-MWNT-4

o&

&;

190 200 210 220 230 240 250

190 200 210 220 230 240 250

Wavelength(nm)

Ov+H-MWNT-2

Ow+-MWNT-4

(I

190 200 210 220 230 240 250190 200 210 220 230 240 250
Wavelength(nm)

—— f-MWNT Concen Oug/mi
—— {-MWNT Concn 4.68pug/m!
—— f-MWNT Concn 9.36pg/ml
—— {-MWNT Conen 18.72ug/mi

— {-MWNT Concn Oug/ml
—— -MWNT Concn 4.68pg/ml
— f-MWNT Concn 9.36ug/ml
—— {-MWNT Concn 18.72ug/ml
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Mx 2.1 EARE FMWNTs ER TR ZLEMEWL
a) 10nm f-MWNTs

CA CA+ f-MWNT-2 CA+ f-MWNT-2 CA+ f-MWNT-2

(4.4pg/mL) (8.8pg/mL) (17.6pg/mL)
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+ f-MWNT-3 CA+ f-MWNT-3 CA+ f-MWNT-3
(4.4pg/mL) (8.8ug/mlL) (17.6pg/mL)
Helix: 12.70% 11.40% 13.50% 12.80%
Beta: 39.00% 45.50% 58.20% 37.90%
Turn: 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+ f-MWNT-4 CA+ f-MWNT-4 CA+ {-MWNT-4
(4.4pg/mL) (8.8pug/mL) (17.6pug/mL)
Helix: 12.70% 13.10% 12.80% 16.60%
Beta: 39.00% 40.90% 40.60% 43.40%
Turn: 19.90% 19.70% 18.40% . 16.80%
Random: 28.40% 26.20% 28.30% 23.30%
Total: 100.00% 100.00% 100.00% 100.00%
CA CA+ f-MWNT-1 CA+ {-MWNT-1 CA+ f-MWNT-1
(4.4pg/mL) (8.8ug/mL) (17.6pg/mL)
Helix: 12.70% 11.60% 11.60% 13.20%
Beta: 39.00% 42.10% 42.00% 44.10%
Turn: 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+ EtOH CA+ EtOH CA+ EtOH
(4.4pg/mL) (8.8pg/mL) (17.6pg/mL)
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%

HG HG+ f-MWNT-2 HG+ f-MWNT-2 HG+ f-MWNT-2
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(4.4pg/mL) (8.8ug/mL) (17.6pg/mL)
Helix: 42.30% 54.10% 37.90% 43.10%
Beta: 23.80% 0.00% 4.10% 10.90%
Turn: 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%
HG HG+ f-MWNT-3 HG+ f-MWNT-3 HG+ f-MWNT-3
(4.4pg/mL) (8.8ug/mL) (17.6pg/mL)
Helix: 42.30% 38.80% 44.80% 45.30%
Beta: 23.80% 12.90% 22.30% 21.90%
Turn: 6.50% 16.90% 6.50% 6.90%
Random: 27.40% 31.40% 0 26.40% 25.80%
Total: 100.00% 100.00% 100.00% 100.00%
HG HG+ f-MWNT-4 HG+ f-MWNT-4 HG+ -MWNT-4
(4.4pg/mL) (8.8pg/mL) (17.6pg/mL)
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%
HG HG+ f-MWNT-1 HG+ f-MWNT-1 HG+ f-MWNT-1
(4.4ug/mL) (8.8ug/mL) (17.6pug/mL)
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%
HG HG+ EtOH HG+ EtOH HG+ EtOH
(4.4pg/mL) (8.8pg/mL) (17.6pg/mL)
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%
HK HK+ f-MWNT-2 HK+ f-MWNT-2 HK+ f-MWNT-2
(4.4pg/mL) (8.8ug/mL) (17.6pg/mL)
Helix: 23.80% 33.20% 35.50% 32.70%
Beta: 12.40% 18.70% 16.40% 12.80%
Turn: 2_7.10% 17.10% 19.10% 20.50%
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Random: 100.00% 31.00% 29.10% 33.90%
Total: 100.00% 100.00% 100.00%
HK HK+ f-MWNT-3 HK+ f-MWNT-3 HK+ f-MWNT-3
(4.4pg/mL) (8.8pg/mL) (17.6ug/mL)
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%
HK HK+ f-MWNT-4 HK+ f-MWNT-4  HK+ f-MWNT-4
(4.4pg/mL) (8.8ug/mL) (17.6pg/mL)
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%
HK HK+ f-MWNT-1 HK+ f-MWNT-1  HK+ f-MWNT-1
(4.4ug/mL) (8.8ug/mL) (17.6pug/mL)
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%
HK HK+ EtOH HK+ EtOH HK+ EtOH
(4.4pg/mlL) (8.8ug/mL) (17.6pg/mL)
Helix: 23.80% 36.00% 36.50% 35.50%
Beta: 12.40% 20.90% 21.00% 19.10%
Turn: 27.10% 15.40% 14.70% 15.40%
Random: 100.00% 27.70% 27.80% 30.00%
Total: 100.00% 100.00% 100.00%
Ov Ov+ f-MWNT-2. Ov+ f-MWNT-2 Ov+ f-MWNT-2
(4.4pug/mL) (8.8pug/mL) (17.6pg/mL)
Helix: 39.50% 40.60% 36.60% 40.00%
Beta: 21.70% 17.90% 16.90% 16.60%
Turn: 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%
ov Ov+ f-MWNT-3 Ov+ f-MWNT-3 Ov+ f-MWNT-3
(4.4pg/mL) (8.8pg/mL) (17.6pug/mL)
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Helix: 39.50%
Beta: 21.70%
Turn: 8.30%

Random: 30.50%
Total: 100.00%

47.30%
4.80%
15.30%

32.60%

100.00%

36.00%
17.40%
14.30%
32.20%

100.00%

51.20%
22.90%
3.50%
22.40%
100.00%

Ov+ f-MWNT-4 Ov+ f-MWNT-4

Ov+ f-MWNT-4

ov (4.4ug/mL) (8.8pg/mL) (17.6pg/mL)
Helix: 39.50% 40.10% 50.00% 38.10%
Beta: 21.70% 14.30% 26.40% 19.70%
Turn: 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%
Ov+ f-MWNT-1 Ov+ f-MWNT-1 Ov+ f-MWNT-1
Ov (4.4pg/mL) (8.8ug/mL) (17.6pg/mL)
Helix: 39.50% 39.30% 46.00% 38.10%
Beta: 21.70% 17.40% 14.70% 18.70%
Turn: 8.30% 10.80% 13.40% 12.00%
Random: 30.50% 32.40% 25.90% 31.20%
Total: 100.00% 100.00% 100.00% 100.00%
Ov+ EtOH Ov+ EtOH Ov+ EtOH
Ov (4.4pg/mL) (8.8png/mlL) (17.6ug/mL)
Helix: 39.50% 43.20% 42.60% 43.00%
Beta: 21.70% 11.70% 8.90% 14.40%
Turn: 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%

b) 40nm f-MWNTs

CA+ f-MWNT-2 CA+ f-MWNT-2 CA+ f-MWNT-2

CA (4.4pg/mL) (8.8pg/mL) (17.6pg/mL)
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 CA+ f-MWNT-3 CA+ f-MWNT-3 CA+ {-MWNT-3
(4.4pg/mL) (8.8pug/mL) (17.6pg/mL)
Helix:. 12.70% 11.40% 13.50% 12.80%
45.50% 58.20%

Beta: 39.00%

37.90%
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Turn: 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+ f-MWNT-4 CA+ f-MWNT-4 CA+ {-MWNT-4
(4.4pg/mlL) (8.8pg/mL) (17.6pg/mL)
Helix: 12.70% 13.10% 12.80% 16.60%
Beta: 39.00% 40.90% 40.60% 43.40%
Turn: 19.90% 19.70% 18.40% 16.80%
Random: 28.40% 26.20% 28.30% 23.30%
Total: 100.00% 100.00% 100.00% 100.00%
CA CA+ f-MWNT-1 CA+ f-MWNT-1 CA+ f-MWNT-1
(4.4pg/mlL) (8.8ug/mL) - (17.6pg/mL)
Helix: 12.70% 11.60% 11.60% 13.20%
Beta: 39.00% 42.10% 42.00% 44.10%
Turn: 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+ EtOH CA+ EtOH CA+ EtOH
(4.4pg/mL) (8.8pg/mL) (17.6pg/mL)
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%
HG HG + f-MWNT-2 HG + f-MWNT-2 HG f-MWNT-2
(4.4pg/mL) (8.8pug/mL) (17.6pg/mL)
Helix: 42.30% 54.10% 37.90% 43.10%
Beta: 23.80% 0.00% 4.10% 10.90%
Turn: 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%
HG HG + f-MWNT-3 HG + f-MWNT-3 HG f-MWNT-3
(4.4pg/mL) (8.8pug/mL) (17.6py/mL)
Helix: 42.30% 38.80% 44.80% 45.30%
Beta: 23.80% 12.90% 22.30% 21.90%
Turn: 6.50% 16.90% 6.50% 6.90%
Random: 27.40% 31.40% 26.40% 25.80%
Total: 100.00% 100.00% 100.00% 100.00%

HG HG + -MWNT-4 HG + -MWNT-4 HG f-MWNT-4
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(4.4ug/mL) (8.8pg/mL) (17.6pg/mL)
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%
HG HG+ f-MWNT-1 HG + f-MWNT-1 HG f-MWNT-1
(4.4pg/mL) (8.8pg/mL) (17.6png/mL)
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%
HG HG+ EtOH HG + EtOH HG EtOH
(4.4pg/mL) (8.8pg/mL) (17.6pg/mL)
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%
HK HK+ f-MWNT-2 HK+ f-MWNT-2 HK+ f-MWNT-2
(4.4pg/mL) (8.8ug/mL) (17.6pg/mL)
Helix: 36.70% 33.20% 35.50% 32.70% N
Beta: 23.80% 18.70% 16.40% 12.80%
Turn: 12.40% 17.10% 19.10% 20.50%
Random: 27.10% 31.00% 29.10% 33.90%
Total: 100.00% 100.00% 100.00% 100.00%
HK HK+ f-MWNT-3 HK+ f-MWNT-3 HK+ f-MWNT-3
. (4.4pg/mL) (8.8ug/mL) (17.6pg/mL)
Helix:  36.70% 37.40% 33.40% 36.00%
Beta: 23.80% 18.40% 15.40% 16.70%
Turn: 12.40% 16.10% 18.80% 16.60%
Random: 27.10% 28.20% 32.50% 30.70%
Total: 100.00% 100.00% 100.00% 100.00%
HK+ f-MWNT-4 HK+ f-MWNT-4 HK+ f-MWNT-4
HK (4.4pg/mL) (8.8pg/mL) (17.6pg/mL)
Helix: 36.70% 36.00% 35.50% 33.00%
Beta: 23.80% 23.40% 18.10% 20.00%
Turn: 12.40% . 13.10% 16.50% ' 17.20%
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Random: 27.10% 27.60% 29.90% 29.80%
Total: 100.00% 100.00% 100.00% 100.00%
HK HK+ f-MWNT-1  HK+ f-MWNT-1 HK+ f~-MWNT-1
(4.4pg/mL) (8.8ug/mL) (17.6ug/mL)
Helix: 36.70% 36.10% 36.40% 35.30%
Beta: 23.80% 18.30% 21.10% 20.10%
Turn: 12.40% 16.40% 15.20% 15.70%
Random: 27.10% 29.20% 27.30% 28.90%
Total: 100.00% 100.00% 100.00% 100.00%
HK HK+ EtOH HK+ EtOH HK+ EtOH
(4.4pg/mL) (8.8ug/mL) (17.6pg/mL)
Helix: 36.70% 36.00% 36.50% 35.50%
Beta: 23.80% 20.90% 21.00% 19.10%
Turn: 12.40% 15.40% 14.70% 15.40%
Random: 27.10% 27.70% 27.80% 30.00%
Total: 100.00% 100.00% 100.00% 100.00%
ov Ov+ f-MWNT-2  Ov+ f-MWNT-2  Ov+ f-MWNT-2
(4.4ug/mL) (8.8ug/mL) (17.6pg/mL)
Helix:  39.50% 40.60% 36.60% 40.00%
Beta: 21.70% 17.90% 16.90% 16.60%
Turn: 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%
ov Ov+ f-MWNT-3  Ov+ f-MWNT-3 Ov+ f-MWNT-3
(4.4pg/mL) (8.8pg/mL) (17.6pug/mL)
Helix:  39.50% 47.30% 36.00% 51.20%
Beta: 21.70% 4.80% 17.40% 22.90%
Turn: 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%
ov Ov+ f-MWNT-4  Ov+ f-MWNT-4 Ov+ f-MWNT-4
(4.4pg/mL) (8.8pug/mL) (17.6png/mL)
Helix:  39.50% 40.10% 50.00% 38.10%
Beta: 21.70% 14.30% 26.40% 19.70%
Turn: 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%
ov Ov+ f-MWNT-1 Ov+ f-MWNT-1  Ov+ f-MWNT-1
(4.4pg/mL) (8.8ug/mL) (17.6pg/mL)
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Helix:  39.50% 39.30% 46.00% 38.10%
Beta:  21.70% 17.40% 14.70% 18.70%
Turn: 8.30% 10.80% 13.40% 12.00%
Random: 30.50% 32.40% 25.90% 31.20%
Total:  100.00% 100.00% 100.00% 100.00%
Ov+ f-MWNT-1 Ov+ EtOH Ov+ EtOH
Ov (4.4pg/mL) (8.8ug/mL) (17.6ug/mL)
Helix:  39.50% 43.20% 42.60% 43.00%
Beta:  21.70% 11.70% 8.90% 14.40%
Turn:  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%
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