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¥R (Theaflavin, TF1). X3 K-3-1x & 7 E (Theaflavin-3-
gallate, TF2A). FHEHK-3-I% B TMNES (Theaflavin-3'-gallate, TF2B)
M ER-3, 3- W% & THefiE (Theaflavin-3,3'-digallate, TFDG) iX
PUAS SRR 5 1 AR BRSE P D RE b, AR 2 AR s PEATL R i R = R
AT . ABFFLALL R AR N IEARL, IR, 708, 4 R K,
WFFE AN o8 &) B8 H BE RO, JRICE %5 B2 BR B 7 VAN A
PUAN SO AL PTG . EERF AT -

(1) F:T B DR 2 S B0 1 7 7% 10 2 IR 20 B9 2% AF D SB[
80 min, FEHGEE 80°C, ERELL 1:30, 4%y 35.66%. £ 30%
CIERRAR G, RALWNE 2> B9 B s R Al fE 52T+ 2 1 59.86%. #id
BT ARE K My BERT o #iE ROl 1ECk-HiFE-/K (3:
1:1:6) NEFMAR, #HATmBERAEAL, 7B HANNHT,
22t AU S AN R R AN S, WRE F2 40N TFL, 4ifER
93.61%; F4 417)7y TFDG, #iJZN 94.42%; F3 417)7y TF2A A

TF2B HIVE &), 4iZ 4350 54.71%F1 37.87%.
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ISOLATION, PURIFICATION AND ANTIOXIDANT
ACTIVITY OF THEAFLAVINS AND THE
MECHANISM OF INHIBITION OF A-
GLUCOSIDASE BY TFDG

Abstract

In this paper, theaflavins, an important functional active ingredient
in black tea, were studied based on the valorization of tea residue
generated during the processing of tea for further utilization. Current
research endeavors predominantly center around the physiological
activities of four major theaflavins monomers: theaflavin (TF1),
theaflavin-3-gallate (TF2A), theaflavin-3'-gallate (TF2B), and theaflavin-
3,3-digallate (TFDG). However, certain biological activity mechanisms
of these theaflavins remain inadequately understood. In this research,
utilizing black tea powder as the raw material, we aim to extract, isolate,
and purify theaflavins, and subsequently delve into their inhibitory
mechanism against a-glucosidase. Furthermore, we employ a combined
approach involving Density Functional Theory (DFT) methods and in
vitro antioxidant assays to systematically investigate the antioxidant
properties of the theaflavins. The primary research contents are outlined
as follows:

(1) Based on single-factor experiments, the most favorable
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extraction parameters for theaflavins were ascertained to be an extraction
duration of 80 minutes, an extraction temperature at 80<C, a solid-to-
liquid ratio of 1 : 30, resulting in the purity of the product is 35.66%.
After decontamination using 30% ethanol, the purity of the theaflavins
was enhanced to 59.86% following separation via macroporous resin.
Utilizing distribution coefficient K and separation factor a, a solvent
system comprising ethyl acetate, n-hexane, methanol, water (3:1:1;6)
was selected for high-speed countercurrent chromatography (HSCCC)
purification. This process led to the isolation of six components, which
upon mass spectrometry (MS) and high-performance liquid
chromatography (HPLC) analysis and identification, revealed the
component F2 to be TF1 with a purity of 93.61%; the component F4 was
identified as TFDG, with a purity of 94.42%; and the component F3 was
characterized as a mixture of TF2A and TF2B, with individual purities of
54.71% and 37.87%, respectively.

(2) The last four components isolated from HSCCC were subjected
to in vitro a-glucosidase inhibition assays, and among these, TFDG (with
an I1Csp value of 1.945+0.097 pug/mL) exhibited the most potent inhibitory
effect and was thus chosen for further kinetic, multi-spectral, and
molecular docking studies. The results indicated that the inhibition by
TFDG was reversible and displayed a mixed mode of competitive and
non-competitive inhibition, and there was only a single binding site.

\%
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TFDG quenched the intrinsic fluorescence of a-glucosidase upon forming
a complex with a-glucosidase, with a F&ster resonance energy transfer
(FRET) distance calculated to be 2.54 nm. The positive AH® (102.54 kJ
mol™) and AS° (443.19 J mol™! K™), coupled with the negative AG®,
suggested that the binding was spontaneous endothermic entropy increase,
with hydrophobic interactions playing a dominant role. The conformation
and polypeptide skeleton structure of a-glucosidase were changed, the
hydrophobicity near Tyr residue and the polarity around Trp residue were
enhanced, the contents of a-helix, B-sheet and B-turn decreased, while the
random coil increased. Molecular docking revealed that TFDG binds in
proximity to the enzyme's active site, engaging in two hydrophobic
interactions with Phe450 and Trp406 residues, as well as forming three
hydrogen bonds with Asp203, Phe450, and GIn603 amino acid residues.
(3) The antioxidant capacities of components F2 and F4 were assessed
using four in vitro assays, namely ABTS+, DPPHe, «OH, and PTIOe,
which demonstrated superior performance compared to those of F3 and
the VC control group. Employing DFT calculations, the bond lengths of
the phenolic hydroxyl hydrogen atoms, natural bond orbital (NBO)
charges, bond dissociation energies (BDE), the energy levels of the
highest occupied molecular orbitals (HOMO), and the lowest unoccupied
molecular orbitals (LUMO), along with their energy gaps, were computed
for the four theaflavins. The findings indicated that the hydroxyl groups

VI
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at positions C11-OH, C11’-OH, and C12-OH within the theaflavin
molecule exhibit heightened reactivity relative to other locations. The
substitution of gallate esters was shown to partially diminish the activity
of the original hydroxyl groups. Among the three phenolic hydroxyls
present in the gallate moiety, substantial differences in their activities
were observed, potentially due to the formation of intramolecular
hydrogen bonding, leading to reduced reactivity for some hydroxyls.
Overall, the phenolic hydroxyls in TF1 displayed higher activity
compared to other theaflavins. However, considering that TFDG
possesses a greater number of phenolic hydroxyls and taking into account
steric hindrance effects, theoretically, both TF1 and TFDG are expected
to have better antioxidant activity. This theoretical prediction aligns with
the experimental antioxidant assay outcomes mentioned above.
CAOQ Yufan (Food Science and Engineering)
Supervised by Prof. Cai Weirong
KEY WORDS: Theaflavins; o-Glucosidase; Multispectral; Antioxidation;

Density Functional Theory
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1.1 XE\EEZEHN

FEFEAE A R AR, R SR I TR . TE B B
TERZ R BRI T, 2 LlEr L% & (EC. EGC. ECG. EGCG) B
by R A A AT B, X PP A R P A G i — P A A E AR R T R
(Theaflavins). ZR4LZEH . MBBWRERORIY, KEOERILFRRE 745K
BRAMBUE B, A 2o 302 — R HAT RO 52 19 B 45 14 16 5 M0 s
PR, BT HIEE A K Roberts RELIM, 324 ik ci%se i 31 fpl 3,
Hrr TRL. TF2A. TF2B. TFDG s PUM &tk m ok m s, HaTi Mgty 77
nE 1-1 FE 1-1 o, RERNEGHICAESR, JLASERMN C-C Bk E L
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R 1-1 VUM PR KA

Table 1-1 Four types of theaflavins and their precursors

EEYUES RS
TF1 EGC+EC
TF2A EGCG+EC
TF2B ECG+EGC
TFDG EGCG+ECG

™ %, =
R ‘:j)\i } \“E_r/]\ﬂu
&Igg/m

Xy

L
TF2B TFDG

1-1 R M

%?%

Figure 1-1 The structural formulas of theaflavins

1.2 FERENHE R BAN

121 #IE5%E
7f Roberts KR &K 5, RERZEFH— DR T HI SR ER ISR L,

BLEE AT LLAR RIS TSR IR B AL A

HAREMEFIIRIUES Collier 7E1F1 Ullah 158, B 553540, #2
MHFRBERDET KM OB AET =S R s HoAthdd 7 5
FRE R TR S 22 RoRIk B oy B R B R H 1.

R R RS ERAC, LA RS REER e, hny DR 5 &1
B LR LEAR SN LR R A B R B 3 o AR A TR Pl 2K e S A B B
NTHVENREE A . TeE B AR KsFe(CN)s ELLAS R BIAE R,
HOR IR 7 A il A ok s 2= . H AR (R S0 2 20 LB . pH. W
A EIBC LSS . TakashilOA) 32 AbEE 62 MIEMIFEA, 4 46 FhiT LLAALIEK
KieE, HohHE, BREFEREE TR, 64 a2 h 2 By S LR 45
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RIATWANH, SN ER SR I E A M, RRBREE AT E
HAovegm e, ULREEBEg 2 H T8 G R =, HAAT LR R A
BEA A, ICAETE SR AR E  pH X TA] Y4 SE AR e 1 v A

122 BN HE

LRYE R E T BT B 6 EORE 0 E M RO A R I o R R AR e
AT EZRER, Bl TR, HorERee it e, e HA RR
o Berkowltz! 155 AR TRAL BRI 1) 2% 36 M I AR 4 R ENTRE, 193] 3 Fhos#E
7, HAEER 'K,

PAIR AR e 43 B J R 1 A 000 SR B T 2 v, | T FOD IR I, %
HE . DAL S 2 N T B AR 73 3 1 o F v 3t D W e AT K SR I
(Sephadex LH-20) HTHIE/K. FiE HAMHRABITER, X T 0 F&EH)
ESYE N IR A BN B . 7RI Sephadex LH-20 4T,
AR VA B0 BE W M HE DA 2R B R A . (BB B AR AN A% PR 1 LS

TEE IR AT JZ 4T FO W B i ) SRR R B AR OC, 3 F T AR M A AR I P 5 4 2
BN Z . SRTAEEIE A Sephadex LH-20 FIEEH EH 0B RE R, HE
ffi ] Sephadex LH-20 # R —%, Hr=&AK, AN@EH T RMEA =,

Rt E & T Rt & o T RS A KA B R RE, B9 B 2K
YA GNP £ 5 NS BN 7§ Sl =N I 8 =X NI RS
M #% 25 Bk T BHFO8 VIR TE NKA KRALB MM IRAI R RTS8, o
BIH TFL A TR2A. JREHE MBI b, SRR S i DR R A 1) 3 B 280R
BRI Ere & S AL A= R T A5 I N iE F, AE T 3 b AT flb gk e 1) 7 ot Ao
A R HAN A ey, H 2 ATy 75 ik — B PP Al RHIE

R AL B AR A A Sy — Tt B 5 3 L R &5 4 R o B SR T AR R ML s AL
JUH R AR G e A PR 5iR DA S TR IR B, 72 R IR 7 e Ak
JiH AR E . AR ZEISSE N BT LR AL i 2 B R R R, IF
E 1 J LA R 3R ) B R AR

R IR A% (HSCCC) 2 — WaIHT B - 7 B EOR, H B RE S
TG 75 [ A5 3R B A AR DS 200, 2y vk i e G R S B SR T A, A A
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1B TR TR 2y B I R AT B8 R AR AR R DS TR BB g 2 TRy e 234 A
HIXizH HSCCC, LIHEE-ZMAEE-/K-1IECkE (1:3:6:1, VIV) 7k
Aoyt TFLAI TFDG PiFh A5 38 R Bk . WangPUSE7E VT REATE 78 1) 2tz
) 25 RUB AR A AN R AT R TF2A F1 TF2B 43 . Yang®o14: K BBk & HSCCC
MH - OBE-1ECki-/K-28 (1:5:1:5:025, VIV) #EHKRM
Sephadex LH-20 5 % 73 55 4 PpAs B R LA

R 1-2 R B ITEN L

Table 1-2 Comparison of Separation Methods for Tea Flavonoids

Jii% e i
SR 75515 TFDG Pl R TR
RHESENT  BEAEMEAF, W0 TFLAM TFDG %%ﬁ®§%i§3ﬁ¢t%¢’
i 2 HAE ML, W4E TFLA TFDG %%ﬁgﬁiiiéﬁ£§%¢
Rtz =6 AT LAy B L DU b B fA LML B BT
st OO R W

FTLAy B H DU R Ak, SR

LREHRER 1-2 M BITEMIek s, KL AR & HSCCC 70 &
BRBOR, MR, S R IR SLM HE 0] 2 ik i a2k 3R
FRNUFR TR INREY, P24 HSCCC 43 B9k 2 4 AT 3 B H i

1.3 REZMEIREM

131 IMEWEM

FERMPUANMERIERZ 50, BT HE SS MR, St idtR
BT, EEANNER B BB PUEAAER, — BROX R AL RR A
SR THRE (HAT) B8, 32JLfBsge (BDE) #iil At HAT KA GG EEE
b%, BDE M), BILEAZWR, BAELKRIAE T, WBRESE B HIERMN.
AR FEUE BRI R B R AEVE BR P2 F L T T3 58 T EGCG: 453 214 1] LA
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i) AR e S A E G 2 L R e Ak R B A M PR T, AR SCHIE ST PSR B S T4
fo T R R R A, KRR E G TILRR AR & TR, Eid
eSS EE TP, KRB ] DU IR S A AR B AR B
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RIAEYE, WA e H IR-S-Fe e B S nd S mER, R L T LA I 4R
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1.32 ik

BURAEAE SOER, RRER T IL-1. IL-6. TNF-a & mERIE, e 4w
WP (ROS) LA 4 PE A 03 AT 5 BOE F 4 ML 45 MR . ThRelass, H% 5]
HARMLE TBIASE . XuloIEE A48 7 28 2 2 T LU BB T 2 U AU R IR 3R
A A AR R, IR R T B A R AR T B A S R T S
EWARL, PRI FEEAIRY, FEETHS S 1T Keapl/Nrf2/HO-1. %t
ARG R I 5] R R SORE s TR AT LB NF-«B 4558 B SRk i 414581, %%
WRILTTLLIE EGFR 15 Si@MMH] EGFR 0%, MK MUCSAC /K1, 2R
OB R E R E YT 8 MR R RERT. TR2A JEId T COX-2 L R4
il TPA 5 T COX-2 IRERIRIL, LAMAHE NF-«B 55 i 5,

1.3.3 $LAf9E

AR AT LU A HERE, BT DL RBOHa T A . TFL 381 FRAIR
COX-2 Fl INOS ffik, FRRBUEMSIK M SD K Bz =00, Al ELTx
ML, ZRP AT DI RBRAROR BRAA AR, KRR iR & e T, JF
HARY DNAVMOL, g8 1252 —Fh i SE R B EVE A FPAETs, R
LB 55 DNA #405. BORHIAZ S5 4 s A T s B SR A . 7R3
o B AR A R I PR - pS3 AN MR IE T AR 1 p21 KKK, HRL
A T NF-«B 15 S IEE RN, RN RE T ES SHE T E A RS
RALHEAMMLFE T, BAh, B IR AR B p53 /M) Bax HHBIEILE,
SRR R R B r AT AR E 1, EIT S EAR (ZR C BRI OB
M5 RS B2 P U T Rk S RE P o A T R R e A A T I A
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[ — RAFAE, T AS BT LA R, £ 28w LR o P 1 3R 400 o e 40 P T TG
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1.34 HEmE
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BRE, SHUAFEE . SEFFR . I B RSB B R AR B R, DL A
L ER IR QR ARAT R 1 AR A B L3R B 38 20l 40 HIV-1 (R &
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BE N R O MV PR LA 2 BORE R B R, o e B B T R T T R Bl R R
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gm0, TFDG Wid ke AMPK V&, #7r8i% 7 NRCM o m b i 511
Cx43 FKIEA G WL, B RS AR RN ZH, &) DLSCR i UL
I ZLiE 3 5 2L S B0 e 515 0,

1.4 ZFRFAR D F A Z BRI S B

R AR B VIR, 3 B0 RO B R 5 B AR Y B N BOZ A BT,
PR e — R AR Z AL AR RO, L R PR S 1 K 9006 LA A TI AL A
PRI BN A A 1 8 R F A S 17 512 188 071, Reavenl®8I7E 1998 4F 1 14 H
By RGOS . RS RARPUR R EE ALY CInfILIA . IR AR D 50k i % 2 Fg v
Lk 55, T EE T KT AR B R A A IR H RO R R, B r i T A
AL G BR B R P WRAMEE IR DT, FE B AN DD AR HTRIR R B WD
T 5 o R o 42 8] 2 i R 7K T2 FERIS B i T W PR R — iy 20T B
NE R A RS B 20 M A RO, T 2 S I KT S oK A S AL
SRR ERE I o BRAR S PIE R e — 0 R T/ i b B SR R RIR U
(K] o781 267 B /K A S AR IE IR i 1Y) o-1,4 MEEFERUOL. DRIk, A0 oo 70
RS PR R P2 5 BP0 RO RN 7 HED, — 2 o-H &0
e R, dnB R ARAS SRS S5 2R BR 22 Bl iR 1T 2B PR
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(ER IR 5 LRI E A AT 2R3, Bril, A b BEGHRAIT R A R REIEH]
(RIBIT o ) 9 A0 A 77 o ] 60 W 1) B d AN IR A o A - ) B L R 2 B
(SGLTL) MM Xl R e, AR, Mamar Na ik
B0 E M B Js 1) LY e A I O RE i, OO UR R FE R SO N L P, 3 S/
E A IR AE AR IE R A - A PR IS R E 2 (GLUT2), & feirl %)
BEAEIR AR T A Ay B 7 NN i b B AR ML BE N I 30 R Gt R
A] DU f ] AR R R A IS R 4 (GLUTA) Ifeqai b4 47 4 0 i,
SR MURE o R SS A A AR A ME— PR IR AR, RS n] DR R B R 1
BV, AR LI T i B R A U7, ghdh, R B FAE W] LS R B 3R AR
S S R B 2R R U LR

15 BEZEEEEMR S E NN A

HIEZ R (DFT) &—F AL B TR REWR 7L, S Wright)%5 5
WRATF B Zmi e T3 2500 BDE %, —MFf DFT SRR ZmHiain
B, SRR B 2 T T LT R AR B B R AR, FAR R R SRS
LW T AT I R, BUS R RS R 2 M Mg RO, JkEBIER R &
BUDURNH 528350 2> 1 b C-7 fr b f J9idER, C2=C3 XU AT LA w7 Tk,
WEFFEUIR C-4fr S S i L HU AR E . X% TSR 7 g BE Rt b B 71 2%
JR7, R e 0 S LB B T R R LR AT 72 DU A H B 2K R, BRAE T Bk
R, FEHR UK B R A A AR A AR R R, T A T R RS R AR
o RIBHEEISETT R IR R . MR B R B R DR 2 R R AL
TN A RN RSB GE L, -4 C-BY IR B A R R f e A
CailPVAfT 2 7 e bt MR Z. M TIOH ARG S HMMER, SR5%
FE 1 HILTERR B YA, ERERL S BRI TR

1.6 iy =. HRENNARANE
161 RS =

RAENF E=REWRBIR 2 —, BRI LR . @fr i a4

8
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IR S5 T AR A [ B 2 b b o AN R B A AL AR SR N R e AR
MR, RN IRRAIRY, KIS R mEE— S RIFEAM A, A
BRI IEAM R BGR R A ROSE, R I E Rl ] Fr 8k i
AP T2 F) B IR

P e e MURE R PR RO B ORI T B, M a-Hl AR H S S
wOKACE YA e — 28, RS, A BT TR A U
i R MU KT o on- 78] 260 R T AT 1 77 LE A2 BT X — BLAR e TH B BE 254, T LA
BEAR 10 AR PRI SO RORE M A2 FAT, IR b 2 2 A A BT dpe bl . AR
FIBHE . KAS SRR oM AR FREIOHIR, P BOREEIER, WflfE. k.
UK

W R AR TR T A, BT R T R A R AT HE B E
M RIS VRN . B B3R AR IEH AR =4, B ik & 453 AR
KRG EARE R, XA I A 4 AR 2 — R AR LA AL 77,
IENSRERTINIE LIP3 O i K E R /ve I 2 o P/ T P E Sl L B R U s v =2 (=
R 58 FRAEAE P HpT AT TR A h A B AR A

1.6.2 AREXXER

RERAENRM PR REE My 2 —, BHFnfT e m H - R L aiE, f
TR H R A 7 I TR — s B R AL . BbAh, B RIA T Z Y
WVETHRE, WU HAH SR RIEVENLE, A3 BT 050 i OB A 2B 7 1R L BE A 2
fifto

ETIA o-MEREEEEIHIFIREEH, FRET R HARR &S
AR IR o8] 260 B BRIV 0 AR JE OB D) AN B 2. BRAE AT FU R CAIESE o
SR RAFHIHNETE, B, SRASRIFUR BRI o5 %0 B 5 A0 S0 A BIL A )
RO Y o 2 A TR T SISO PR 25 W SR (I BB LAl

WHE 7R 3 R B PUEA B A A T e SRt — Do Fe 4T T2k, ks & 7%
PR PR SE I 5 5 2 bR BB TSR 0 M LU A s 1 5 HL A R AR Ao
BMBENR AR
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163 RAS

ASCJFRR B T2 Bt B HA BR A "R 2050k R

(D AT AR R 738 ARSI L E, IR,

(2) BRI F15 . ZRPOOEIE . KAV B Gk ok
FRARL 0 M7 3% T BRI o 781 26 A AR L A

(3) WHFRHE A EINUAMNE, FREh &% iz R B R T HIE R B Ak he
PARSEISSiE S ARk e IP S
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FB2EREZWHE. DEANLKES

2135|5

KW T RERIEAILFRE. HIE, MRE. HRE, X8
POJFAE SRS BRI 25 0 o — I AR B ok, RIUE R 23— 0 4 s alifl . WL
RN TIE S A, T HSCCC 1E AT ALK /e (il , 18It 22 YO R
1E B R AR AROA S B I B I, HAAE AR PR . RIRER L R
s R ARSI,

REFHGRACTEE R IR AR TR, H4E AB-8 BRALIL I AR5
HSCCC X§ i st AT B 2lidt, [RS8 HPLC Ak 0. e S KA A=
FEARH R AR AL LA

2.2 KR R AR
2.2.1 LHHRY

R 2-1 SERAPRE Sk

Table 2-1 Experimental materials and reagents

5wl HUHE /2153 XK
ZLIRTER - R R PR A 7
A ER AR [ 258 Bk G A R A 7
LT AR [ 255 Bk G A R A 7
=S ke AR I 255 A 2l A R A
TRt S — 4 AR I 255 A 2l A R A
IR — N AR 248 Bk 2GR A R 2 7
HIEER I (IBMKO AR 248 Bk 2GR A R 2 7
ECk i ag 255 B 2 sl A IR A =
LR O i ag [ 255 B 2 sl A IR A =
i ksl 248 Bk 2GR A R 2 7
RALIB R i AB-8 FRINANBHT AR RS FR 2 7]
KRER PR it ) A HARAT IR ]
RER-3- BT IR PR it ) A HARAT IR ]
RER-3-B TR A Fi R A SRR 24 7]
HRER-3,3- BT BRI A FiRIAAESEARAIR A7

11
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2.2.2 LGS

*® 2-2 LIRS

Table 2-2 Experimental Instruments

& B ] %

HLF K CP214 L3 UE 2SN (N
FIN AT Uvmini-1280 H A G PR A A
BRI — FAURAEN R K e BR A W]

Jie i 25 A RE-52AA g EAES
FEL i 25 MRS A HD-5 S Sy T A A R A 7
ERTTES DHL-A Rt HIRAH
L pH T PHSJ-5 A TR A
$ B AE K IR R HH-S28 SIn KM A SRR
IS U/ TR AN TBE-300A g R A ARG PR A F
1 G i Waters 2998 % [ Waters A &)
EpSRIFe = BS-100A TR A RA ]

2.3 LA

2.3.1 HHmEEZAVIZEL

PAZR B R IR S R dahn, DUACHEREUR, HR=AEFEENEE (1110,
1:15. 1:20. 1:25, 1:30. 1:35). $ZHUA (50, 60. 70. 80. 90. 100
min). JKIBIEE (60, 65. 70, 75. 80. 85°C) XI4REUAF MM, RERF
RIGME T 1ES% 2.3.2, IRIMEHREAHEEE, 5000 r/min 2.0 15 min, 3F
UIsE, IS = SR e S AR FARCEG, OREE R AHAKAE, 32T A o A
W, KARFEF CBR CFEAREL, R LR CTRAHIEH 2.5%h% B S /KA ALY,
ALK P KRR . Btk DRI O/ CBRZERR AT, WKER G
BT

232 HMERZNE

W AR 5T S R 89T 1) v RN s S 36 o R R B R S = B RO A
fEARFR I ZE B PP 3 5 T2l (IBMK) VRS )G, FIZUEESR 1 min, #EAHSE
Jei, BUETER 2 mL Al 2 mL 2% A5 R AR 4 mL L/K AR 4E, 15 min

12
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SEABAIEE 625 nm JERGE. Ll IBMK-FEERF-48 (1:1:2) &’
P
=

WAEARIE . 28R A BB F 91 AR
TFs(mM) = 0.024 X f Xn (2-D
IR (%) = ZLIAT ¢ 1009% (2-2)

A n NIREGFRRE R fONBE/RIRE RS, X n =10, f{EN 47.8; C A
WARIWRE (MM); N NWEBMAEE: VAR (mL); M ARERS TE:; WH
LREE (g

2.3.3AB-8 KALWESBERES

X LG JURH R LA IR 23 85 25 B3R AR B B0, i F AB-8 KL IR REAT 43 B8
aift. Xt AB-8 KALWAEHEATHALEE, DAZERA G n] RELE AT (2R . PRI
B SR AR 5T . T 95% AFFIRIEIEK, ] 5% HCl S BIRIEM I 3
NI, PR JE FHZR K P B 0 2 R, A 3% NaOH IRIEH AR 3 /i,
SR Ja I ZRARK e v g 22 VR S e, ] R a3 ). AT AB-8
KA ERE D8RR, JFUACHEM IR BRI . e 7 Rh S .

234HSCCCHEFREZ

WRAE R R AR, R OIR OB 1E Cbi- PR KIERIR &R, Ik
LLAs7: 8789, 3 2.3.5 H ) HPLC J7 il 5E HAREH 7078 M4 F b A U
AR, BLS v S n. AR KA EET o B FHH:

K=S,/S+« (3
a=K/K; K>K;| (4)

A KK AREA R E R R I e R 5

HSCCC ) HiAth 5256 264 A %E5E 700 r/min, ¥ 1.2 mL/min, L 5mL i3}
FA¥EfE 100 mg KFLWARBEML A 7> LAE. WUy B4y, FHAHRXTT HSCCC HEE
FERTHE A%

13
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235HPLC E. EENHEERSE

A .
3.2x107 4 4,0x10" 1
3.2x10 4
2.4x10" 4
B E 24x1074
§ 1.6x107 1 z:f
1.6x107 1
8.0x10°
8.0x10° -
00 T T T T T 00 T T T T T
0.0 02 04 0.6 0.8 1.0 0.0 02 04 0.6 0.8 1.0
#<FE (mg/mL) P (mg/mL)
, D
4.0x107 4 3.2x107 4
3.2x10 1
2.4x10" 4
= 2.4x107 4 ¢
;; j—;— 1.6x10"
1.6x10" =
8.0x10° -
8.0x10°
00 T T T T T 0-0 T T T T T
0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 04 0.6 0.8 1.0
#E (ng/mL) #<PE (mg/mL)
K 2-1 (A) TF1. (B) TF2A. (C) TF2B. (D) TFDG [frdi ih £k
Figure 2-1 The standard curves of (A) TF1, (B) TF2A, (C) TF2B, (D) TFDG
# 2-3 PUMp e s Fbn it th 4%
Table 2-3 The standard curves for four types of theaflavins
RHER ST R? LR VBl (mgmLt)
TF1 Y=3.266x10"X—1.351>1086 0.9987 0.1~1
TF2A Y=3.964x10"X—3.190><1086 0.9989 0.1~1
TF2B Y=3.742x10"X-1.429x106 0.9997 0.1~1
TFDG Y=3.151x107X—2.024 1086 0.9989 0.1~1

FREL— € B UM AT R ARAES, BB 1 mg/mL BRI &ERE, U
R P AN TH RO R DAL BR Vb i il 2 o DAGE IR 6 1] V51 7 2 0 52 4% 4. 43 v %o 2
FEENSE. %M. C18 M (15046 mm, 5pm), #EFEE 10 uL, 7

14
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254 nm JIE. AMA 0.1%FE L0, B HIA 0.19%H ER/K. BERELEM: 0-6 min,
8% A; 6-10 min, 8%-15% A; 10-25 min, 15-25% A; 25-35 min, 25% A; 35-
40 min, 25-27% A; 40-49 min, 27% A; 49-49.1 min, 8% A; 49.1-50 min, 8%
AO
2.3.6 Bi& T

JRUEREIN 735 IS B TR (350°C), LA-3500 V 4 fi R #EAT 571 8 F
A, FAAIE TN 35 psis FAL AT No, AU Y 15 Limin.
2.3.7 AR

HHls4 SPSS 25.0 Giitartr, EEE M ANOVA 58/, i Origin 2018
AT

2.4 ER DR

241 BRETH

100

i i i i " i ) ; : i i i i ; i > i . i
50 60 70 80 90 100 60 65 70 75 80 85 12100 1215 1320 1225 1230 1335
< . JE ¥ (o Aol
we (miny - m BE(°C) ELfEE (g/mL)

B 2-2 $EBURE] CADL SRR (B). BHEEL (C) XI5
Figure 2-2 The impact of varying extraction durations (A), temperatures (B), and solid-to-liquid
ratios (C) on extraction yield

IR 2.3.1 7%, REUE (A, REGREE (B). BHRLL (O XHRHEERE
BT AR &l 2-2 . B 2-2 (A) B fEBAs A AFBE A SR BUR (8] 13,
Jo ETHE] 9.86% T FE, XFPELGR] RS K Dy K 1 $R B Ta) 3 25 CL AR
FHE R B AR, HkLL 80 min FUFREUN AT RS . K 2-2 (B)
SRR IR B 5 7% B AR IR IS R REAH G, BB THER A R T AR B R A

15
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{6 80 1 85°CHIEHUAF R IFIA BEZ T, B i v R 23 I3 4% 24 3 1 48Uk
Kl 2-2 (C) B niRHUSZRBEVAE RN 2 —BE3 0, (HEkERENE, Hix/amA
L T IR R A R R R, BRI RS, BTSRRIy 1030
AT IR0 . AL JE B2 O ER HU H] 80 min, $REUESEE N 80°C, RHAELL 1:
30, HEEIFFIEF] 11.24%, DLHARIRZHERN 232 hAL (2-1 1 (2-
2), 133IHALREE N 35.66%.

242 AB-8 KFLWEENBEES

FEAAFR 120 mL, DL 10 mL 30% L BE R 0.2 g Ml ks &R 5 EAE, BL4 BV
30% L BERRA, 4 BV 60%Z BN, ik 5 mL/min, DLELANEESMEMAE 280
nm R, SERWE 2-3 fon, o MNECARRIRE S, EEBUR IR, H
TN (TR, EERAFEER. HilWERRSEHT, 2daR

(2-1) A1 (2-2) MERWRSE, 278 6.15%7F1 59.86%.

2.0 A TFs
1.5
<
i
; 1.0 A
0.5 4
0.0 T T T T T T T T
0 50 100 150 200
B[] (min)

K 2-3 AB-8 KL I B RT3

Figure 2-3 Separation of theaflavins by AB-8 macroporous resin

243HSCCC HEZREZ

A 2.3.5 o HPLC 75375 70 e R 380 K M1 B 7 o (R ISR 2-4 i
e K g i iis 25t H ARy 0 BRCRAE R, —IRYE 0.5~2 %

16
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EEPY, /N S R B I (RS A, A B RCRANEE, ORI Ay B R, 4 RS
HORREAR. o RELT 2 FLERAIT Y ERE ST, BUNY o 2 SEUBE K,
MK o MIFTREREAR S HE 2, BUOATE IS BT A S 3 A e IR 2. T
IR BUE TR RN IR Ol - IE C i -FHBE—7K (311011160, LUbiE—Daifl
HSCCC &k m &R M Eik KK 2-4 Frox, B E4sr F1. F2. F3.
FA WRAFGT I PRE, MECT#EAERES, AR08 7.39%. 12.52%. 15.48%.
26.59%.
R 2-4 EAMERRFUANMANEI K S o

Table 2-4 K and a of four components in three solvent systems

EHIA £ KI K2 K3 K4 o2 om

2Bl Fo k- EE-K (4:1:1:5) 119 149 274 382 125 1.39
Wl F o k- FEE-7K (35:1:1:55) 15 171 245 306 114 125
- F oK (3:1:1:6) 171 182 229 266 106 1.16

300

250 +

200

150

5 (mV)

alil
100 —

50

é ‘ SIO I I(I)O I 15|0 I 2(|)0 I 2|50 I 3(|)0 r 3_%0
HF 1] (min)
& 2-4 TFs ) HSCCC 4y & fh i %]

Figure 2-4 Chromatogram of TFs separated by HSCCC
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2.44 HPLC R RIE D HheE R

0.50
A 1 F2

0.30

=}
<015 |

0.00 ™

0 5 10 15 20 25 30 35 40 45 50
Hf 7] (min)

] 2-5 HSCCC 435 TFs J5 =/M143 1 HPLC Bl (AL B. C); Dy HSCCC HEFEFY: i 1y
HPLC [&; E NDUF R B3 bR it iR & HPLC 19 1&

Figure 2-5 HPLC diagram of the last three components obtained from the separation of TFs by
HSCCC (A, B, C); D is HPLC diagram of HSCCC injected sample; E is HPLC diagram of four
theaflavin standards

Wk 2-5 Fras, 7B (A, (B). (C). (D) 43illx& HSCCC 41 B4l 4+ i)

F2. F3. F4 fl HSCCC #EFFFEM I HPLC &, Hort F2 fll F4 5, F3 Juli,

KRR 2-5E i PUFR 2R B BRAE S HPLC [, T LAWRE A E = AN B4 5 Y
PR, DAETIAR A — 20 2.3.5 Ao U R 2% 38 3R I bm il 2 T H R4l

F2 () ORBEINTE) 33.515 min, TF1 AxifEdh FOR BN R DY 33.710 min, [&] 2-6

(A BITHEE BRR F2 70 FRIE FIER miz 563.5 [M-H], 1 TF1 FAHXS 7

18



RT3

TREN 564.5, NI TFL ARifEdh G F2 WA K H %A s, [Rknr bl
WE F2 8 TFL, 4%l 93.61%. F4 [F{REARE] 43.240 min, TFDG FrifE i
(R BE BT E] 2 43.098 min, K 2-6 (B) IS B EIR F4 /- T INE TN miz
867 [M-H] ", i TFDG I¥AHXS 73T Bi&E Ny 868, MIA TFDG #rifkdt 5 F4 IR
K HVRA SR, T LUAE F4 A TEDG, H4ijE)y 94.42%. bk
W5 B KuhnertPA [ RF 70 45 5 — 8. F3 o g/ 08 (1 45 59 B 18] 40 0~ 39.160
min 1 41.942 min, TF2A Al TF2B Ay it 0 0% B B [E] /9 39.619 min i1 42.225
min, BN TF2A Al TF2B FrvEdhJE F4 B IG T AR 5 16 K HL %A 8 hig %,
FLEAE 2-5 (D) HPUAMERIALEA Taol®4 AHF 7T i 2% 38 0 g sy, 3
A LIIAFE F3 9 TF2A I TF2B (IREH, 46 73738 54.71%7F1 37.87%.

A inten(100,000)
3.0 + 563.5

2.0 +

1.0

0.0 - ¥ I T T T T T T T T T T } T
546 549 552 555 558 561 564 567 m/z

nten(100,000)

B 867

3.0 1

2.0 +

1.0 -

0.0 —Lr T . T 1 T T T T T T T T T T T T T T | T — T
705 720 735 750 765 780 795 810 825 840 855 870 m/z

5] 2-6 HSCCC /MBS 44y F2 (A FIF4 (B) HI—Z ) it

Figure 2-6 Primary mass spectrum of HSCCC isolated components F2 (A) and F4 (B)
2.5 £&if

(L i B R sl 7RI RN L 2% $RIUN H 80 min, #2
BURIE )y 80°C, BHELL 1130, DUHARH| R E R RIS E )y 11.24%, 4N
35.66%.

(2) Lh 30%LBERRAR, 60%ZBFEHefiiG, KRILWE S 245 3 A s R Al
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P2 7 59.86%. FFLLLFRCER-TECi-HEE-/K (3:1:1:6) NEFEFMER,
SoF KA FEBE i 2H 4 TFs #E/T HSCCC 4iifk, 3Bk, 258 R R84
TEJG = AN

(3) ¥ HSCCC 2 &5 Hi 1 Jg =AM 43HEAT HPLC FUJSTREAG I, o) HE T ot ]
MPUF R B R AR AES ) HPLC B, 50 F2 41709 TR, 4%y 93.61%; F4
Moy TFDG, 4EREN 94.42%; F3 A7y TR2A M1 TF2B HIVR-EY), 2HREE 7))
N 54.71%#11 37.87%.
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£ 3EF FEHE-3I-FR B FEREEXS o-BEHEEEANFIHLHI

3158

AT W FU R W 2 5 2 AE TR AN 7 PR 7 T BT B, X mTRED
L o0~ %] ] AR F) UV 20 o o= 9 2 R G A2 i T 9 2 AR B K AL 5 D I G
Bz —, HiEVER e T80 A MR KT ETF, 2 i in R PR w1 1 &
Jo P UARS o0 ) B B S B AE JR YT, AT DA RO BRI B KT I B S
TrRERIP o PRI, AU A (0 o5 R S A 57 A7 A — S ) A FH AT
JRIRRTE, IR RIRAE H 2 4 R 1) A5 U

HAT, 2RISR RAMEHE . 37 = il 7 SRR &
HH R AT FE SR SR AR 3 R S T 2 TR R A ELAE B 9T S T R F T R
TR2A S FESAOKIEER o8 & B H B 10 [ A 20, JHEd gk RN B X
HHAEATO, Sun &5 NIV 3 fr T 25 1) Ao B A0S 0f )L 2% 3 R 4% 5 3R 41 )
ou- S 4] MR EF BT MEAT IROCBURE I, ARECT AN E BEB TELEER), & B JLRRA
FRECFN o] G BTG DL L S e A R PR BRI, RS AR I o
EEH RN ARG . L, AT 3 S AR 3 /1 22 M 2 ek koor 7
SHEFEAR NG FE 1 VPR R RN o # A BE R EI LS, B NIR
7R PRI SRR e AT R T REDA 1

3.2 SR KA ER

3.2.1 SELuMAHY
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& 3-1 S Bl

Table 3-1 Experimental reagents

B/ R G/ A% I YE S

F1 - % 2 % HSCCC 4 B 40 4y

F2 (TFD) 93.61% %5 2 # HSCCC 73 B 414y

F3 (TF2A+TF2B) 54.71%+37.87% % 2 # HSCCC 73 B 45y

F4 (TFDG) 94.42% %5 2 & HSCCC 7 B 414y
o- A HE G (FEER) 50 units/mg R AR AT TR

A-fi 3 I -o-D-ML IR 2 A (pNPG) AR A e A R A T

] - B AR A I A SR AE R AR BR A ]
TR A — AR E 28R SR IR A F
Lt AR [ 254 A 2 AT B A
k| AR 24 R A SR A PR A 7

3.2.2 LGNS

* 3-2 LI AR

Table 3-2 Experimental Instruments

€ IR 5
AT CP214 B B IR A A
4 H A AR 1510 S B K HERRHEA
B AT WJ-80B-11 SRR A A R A 7
IO T F-7100 H 4 Hitachi 2 &
54 — E L TR Chirascan V100 5 [ 3 S
EV AP b A UVmini-1280 A (HMIATRA D

3.3 LW HE

3.3.1 BRHIHLEME RN N FE DR

T LN 7. o B AT FEEEE (30 uL, 1 U/mL) F130 pL A [F
W HSCCC &4y (F1. F2. F3. F4) } PBS (70 uL, pH6.8) IB&JE1E
37°CIE I F2 4 i E 10 min, 0 pNPG (30 uL, 20 mmol/L), 37°CJ )y 20

min, FFAIA Na;COs (90 uL Imol/L) # ik Bio CARBT-RIEHEVE PR HE . F)
FEGARAYAE 405 nm @6, 2L a (3-1) 115
2 (%) = % x 100 (3-1)

Kb ACNEFHRIBOLRE, A SIS HBOLE .
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MBI o587 2 W B S P R D) BRI — DN AT IR 2RSS . AR Bk
RNARZ, [EE pNPG WK (20 mmol/L), A7 o &1 FEE R M 0.5 LT+
% 1 U/mL, MEARRWKE TFDG (0. 0.5, 1. 1.5 pg/mL) FELE N i 5 N A)
W (VD). BT o-HAMEEERKE (1 UmL), 75 pNPGIREM 5 ETHZE 20
mmol/L, W& TFDG TEFIANTER FIBGIE S BUE A (v, gl il 28 I b S 2

3.3.2 TAIE IR

# 1 mL TFDG (0. 0.1. 0.2, 0.4. 0.6, 0.8. 1 ug/mL) 5 1 mL PBS 11
mL - & PR (1 U/mL) B4, 7£ 298, 303. 310 KiREME 5 min 5, #
BHRIK 280 nm, REHEK 290~500 nm, FRE4E%EE 5 nm, FHEEEE 1200
nm/min, PASRAFIG RS G158,

KBRS NAR 5, REEURR R S TELRG (AL 759 15 nm i, 3R
B BRI E I L PO, P3N 60 nm SRS AR R ER AL 1 [R5 5 0
W, PREEUEEVE N 5 nm, fE 200~400 nm YEFEAN, FRIGAEHKE TFDG Al o-
1 BRI I [R] 25 2 ol 1 9T

KR EIRRNARR, BORAUR S K% B 200~600 nm,  HiE 5 nm, il

ESAHBATHE TFDG 1 o-F # M EE =42 i, DUE# 2 Eoxt o,

3.3.3 WAHIRAEERLT

W5 Faster MARBUVEIIRFERFEMLEIC, o815 BEH B A 26 R G
FEWOR I 280 nm, K GHEK 300~500 nm JEE AR, TFDG ML 4MRYOE
EEAH [ AT R Py 700

334 Rt

o-H % FEERE (1 mL, 1 U/mL) A1 TFDG (0. 1 mL, 1 pg/mL) JB&)G
LA 100 nm/min 58, W58 1 nm, JEE RIS N E ok e kK
190~250 nm Ju [l N HH . DGk s T N SELCON3 FELME T, 1HH o~ & H
Bl 2540 1) B AR {1102,
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3.3.5 5 F X HEIEH

MEE B R BHEE Chttps://www.resb.org/) T35S o-F 2 P B X SR
ity (PDB fRE%: 2QLY)D. TFDG (¥ 3D &5 Chem3D 38, Jf#H MM2
AL LR, AR B /Mb . FIA Auto Dock Tools #4458 % TFDG Fll a-7]
BINEH RN IS SRR AR, AR S A F] PyMOL 1 Discovery
Studio %A HEAT AT RLAL 43 BT 1109,

3.3.6 IR HT

¥z SPSS 25.0 Fiit s, WEMESHTEH ANOVA 58/, H Origin 2018
BT

3.4 ERSH

3.4.1 ZREFF o-BEREEEIEMN

804 A 04 B - w] C
Zo0 S Z oo
= =4 i =
g =3 = )
20 204 20 =
- ‘
0 04— : - - - - — - T - - r
25 5.0 75100 125 150 6 [ 10 12 14 16 15 20 25 30 35 40
W (ug/mL) W (ng/mL) #eRE (ng/mL)
D E 7 w, F a
80 80 a
8
goo- gco- TE] o
ﬁ 40 i 40 ?
£ &£ g b
= = 2 be
g C
204 204 -
0+ 04
L5 2 25 3 4 L5 2 25 3 35 [T} L)&ﬁ,ﬁ, F1 F2 F3 F4
I (ng/mL) W (ng/mL)

K] 3-1 B kE (A) FIHSCCC 43 E54H4> F1 (B). F2 (C). F3 (D). F4 (E) % a-%i%i
PEEEEAOPNH] R L H 1CsofH (F), ANEFEHMCEREEE AR EEER

Figure 3-1 Inhibition rates of Acarbose(A), F1(B), F2(C), F3(C) and F4(E) on a-glucosidase and

its ICso value(F). There are significant differences between different letters representing data.
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L pNPG A, 444 MINE BT = e S HSCCC 43 B 1% 4 AN 440 o7
TGS R AN 3-1 Fn. S5 RRIARTRBHERT 4 AN o-H E R T
BEA U A, HISGEER BB R. B 3-1 (F) B78 F4 4151 ICso
i CHIMHIZRA S0% MR E) N 1.94520.097 pg/ml, LTI i B (K
ICso . (7.87240.45 pg/mbL) 1% 4 £, FHI FA 72— M3l o0 & BE i
. EAREE T RO F3 A F4 [ ICso (H 3% A B8 %R, HlT F34
sy TR2A TN TR2B W &), 28I Am . Frblik$e F4 A7y, R TFDG #EAT

J& BESEG
3.4.2 TFDG | o- BB VEEEERY AT A IR

BEA AT LAAy L AR P . FER ARG, Bk BETR
o 7 Re U R S, A — AN TR N M R IR R
DR 081 39 RO A7 AR T R A 5, 6 T I il 7R, B AT IR A 1 B R S
FEIRRAANE . B2, HTMHRNALEES R0y TRET 5RMESE
IFles, FECEAR R B SERRME A SN TH A CRAR S ST FEAIG

TFDG 4| o- % % H B EGA AT VAT i 3-2 CA) B, PO
TFDG Z&MM G EHEEE R, HRREEE TFDG WK ME#HiREN, X
ViHH TFDG 35 kb v FH G 14 e i A e SRS AN AR EL A FH PR AR S s
BRI FORE, @ IR AR e . THE S T CURBR I, IR T T
il o

3.4.3 BRI F1Z iR

] Lineweaver-Burk XUZIE/E BVE SR AW TFDG X o-Fi] 4 HE T B0 1) 2
B, XFRAMEIER, MHARSELIAFN (3-2) & B U EE R A
MWEIE S TEDG RS H3E4T = WRAE RIS HI W 45 & A7 A 008, Bkt Ao (8-
3). (3-4):

L fm (W)L, L :
; B Vmax (Ki + 1) [S] + Umax (Ki' + 1) (3-2)
Slope = VmI::Ki L]+ v::x (3-3)
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Y_intercept=va1pp =+ ,[l] (3-4)

‘max VUmax Ki Ymax

XA v oA o~ EPETTRE I VA Kn AKIKE L (Michaelis-Menten);
Ki F1 K23 50 A0 57 -5 Bl A $0 i) 570 S5 - I B A I 4G Vi NEROKR
WK, TFDG 1 pNPG 5 43 HI N [1A1[S] -

150 C
100
A = 0pg/mL B = Opg/mL 2
0.104 ® 0.5 pg/mL 404 ® 0.5pg/mL .%
4 1 ug/mL 4 1 ug/mL 50
oosd ¥ 1S pg/mL T v L5pg/mL
—_ g 301 0 T T T
= P
= A 0.0 0.5 1.0 15
£ 006 o (1] (ng/mL)
g g
3 = 20
= = - 124 D
> 0.044 [=¥
5}
e 1 8 84
0.0: T s / QL
=1
o= 44
0.00 ; ; ; r ' : - AL : : T — o~
0.0 0.2 0.4 0.6 0.8 1.0 015 -0.10 -0.05 0.00 0.05 0.10 0.15 0.20 0
s A T T T
o7 & A (U/mL) 1/[S] (mmol/L) " 0.0 0.5 1.0 15
[1] (ng/mL)

3-2 (A) TFDG #liifi| o~ %) b8 H EEHI 3N 71511 4:: (B) Lineweaver-Burk fiZk; Kl B
Rz (C FYHERE (D) SRS .
Figure 3-2 (A) Kinetic curve of TFDG inhibition of a-glucosidase. (B) Lineweaver-Burk
plots. Linear fitting of the slope (C) and the intercept (D) of the curve in Figure B with the

inhibitor concentration [1]

R 3-3 TR AL I 50 1 - 25

Table 3-3 Kinetic parameters of mixed inhibition of enzymes

[n Vinax Km Ki Ki'
(ng/mL) (AOD/min) (mmol/L) (uwmol/L) (umol/L)
0 0.176 4.752 -- -

0.5 0.153 0.745
0.0648 4.836

1 0.131 0.622

1.5 0.113 0.540

mE 3-2 (B) Fis, B BERRIZFEMAPREE AR, HHAAZTH ZRIR
f—s, HEBE#H TFDG MR, Vmax F1 K RN (R 3-3), ULEA
TFDG i VR & 5 4 (1077 ORI o- % 0 g, RIA0EIR) T 5 Rg B -
SEMEE, HAKGR . B, RGBT, i 3-2 (C) M
(D) Fizn, XU EZLPIRIZE Slope 5H#IE Y-intercept 4375 TFDG K [1]
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BT RN AR, REAX (3-3) M (3-4) HH KM K IED 5N
0.0649+0.009 pmol/L 1 4.836+0.126 pumol/L, XFHMEMTEE 3-2 (B)
A8 IR A AR . RS STESE R IR H Ki<Ki', FTUMSHIZIRA P 3 22
FETE S RITE S AL, RIAEX TRG- R E G, MR 5 Sl 500, ik
SN 3-2 (C) Fiaw, DUANKREE TFDG [RGHIHI3) 715 th 4R 2 5 1126 M AH O,
L o-HE B BE L ALE —28 TFDG (14 £ 108l

3.4.4 WHIER AT

FHEKAR T] LLRE RS 3R ALK& 41 A B FHAS R . o0 2 B P 7E 280
nm AT, L7E 340 nm A RRISEIRE, X B TR 747
TEM GRS, XU IR IR BT B I 5 & 1 RIEMRICRE B
AL IE, SEPOERMRA, FFEIR [ BB R H 72600,

K 3-3 (A). (B) #l (C) R 3FMREE N o £ 08 H G FIA [FIKFE TFDG
1D R e, LA ESINE TFDG KIS o~ 40 Bl O ¢ 5 B A7
FOR, HA5E T o F & 05 E B I SO R IR 5, Uil TFDG 8 AH BAE A
KA K o- R EHEE R G 9, SIS T o8 4B A AR I,

MG DI K IR, SOETE KM GGG A KRB AR, A AR K
T Ksv P S K B A 550 AO i 2 8] POl 51 S i, 8 T v 2 o i
G FIRNEE, 5 SO 7RG 2 T Al R 1 s B I el b ) A
A ElEr, M WRE EREEEE LI N, Bk, BEREN TS,
BNASTEK I Ksv (HIG K, BRI Ksy (Ek /N,

PR B Kov FIPEIGHE 8 B Kq T H Stem-Volmer 24 it 511142,

Fo

2 =1+ K70+ [Q] = 1+ Kgy[Q] (3-5)

X Fo R o-MEME RGN 76T, F RN TFDG JEM 7% 6HEE: 10
NP ICHEAAFAERE KA (3 76 (1078); [QIHMIFIHE .

P 3-3 (D) ATLAE H =FEET (298, 303. 310 K) HJ Stem-Volmer Hii
2 I RAFHIZR IS R, U] TFDG X o 25 WE 17 Bl HO 2 KAL) A — b
R 34T LIE H IR E M 298 K FFH#E] 310 K, Ksy{A FH 3.61x10° L mol ™ %
3 2.67>10° L mol™t, KW TFDG X} o- % %) b H 1l 100 KL K. IBAh,
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M HE AR I A H B Ko (H R T i K HIUM R K H (210" L mol s ™) i,
RN NE SR =R T Ko KT 210 L mol s, —3F
IESE TFDG X o ) B 17 B O DOU R K S 55 2 T s B i e s e K T3l

WHHRE (an)

FyF
\
le(F,/F-1)

06 0.9 2 69 66 63
[Q] (umol/L) 12[Q] (molL)

3-31EA[F TFDGRFEE T, o- A& FEHEE(E 298 K (A), 303K (B), 310K (C) HfM7¢
FREDEE: (D) ANFEET, FOmEMHES TFDG #EZ K Stern-Volmer ;. (E) A
AR E T o1 46 W I 5 O 95 FE (A ELAEL 55 TFDG R EE A 000 %514
Figure 3-3 Fluorescence emission spectra of a-glucosidase at 298 K(A), 303 K(B), and 310
K(C) under different concentrations of TFDG; (D) Stern—\Volmer plots of the ratio of fluorescence
intensity to TFDG concentration at different temperatures; (E) Logarithmic diagram of the ratio of
fluorescence intensity of a-glucosidase to TFDG concentration at different temperatures.
GE B Ka ML B n U2 (3-6) #fEt.
Ig (2 - 1) = Igk, + nig[Q] (3-6)
HIE 3-4 W3] KaEFEERER TR, RY] TFDG 5 o~ 4 Bl H i
MG E R, ZXMBLRM R TIHRIG I T#Ig5), (K HE ] 5
SARAE — L LI AD 5K TR M, AT SR A R K AH LA DL, st 7
TFDG 7t 310 K /) Kaff (7.10x10° L mol™), &+ FH Akl AREE R
(2.04x10° L mol™) 1l L fr v LA REE TIRMAE (5.139x10* L mol™) [l
5, ULH] TFDG s2 1 R Siahimd () A= NMRE A% T 1,
X5 LARBEIIH s S e R 8L AR o-Hm PR LS 28 TFDG 1
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FHAL A
345 HRAFESHT

NFFEEYIR T LA BAH AR EE R HUKMEEM . S8, #E.
TEAEAE I YR KB R, # S HO TR TR EAEH . RISE8h /)
FANT N SRR R AR R AT AR . OGS HCRIA] van’t Hoff 772 (3-
7). (3-8) 13 EH7;

AH° + AS°
2.303RT 2.303R

ngA = — (3-7

AG®° = AH° — TAS® (3-8)
s AHONKEAE . AGC R AT A HBE. ASCRAS: R NBARS AR
0 (8.314Imolt K™ T AR R Ka NAHRLRE N 14565 4L
R 3-4 A1 51 AGefME A, XUiH] TFDG Ml a-Hi &M M4 & R E K
BEATI . AHOFI ASCIHI{E 43 514 102.54 kJ mol™ Fi1 443.19 J mol K™, F v
SR IAAREIER, X5 KalHiRER MR —8 BNIEER AHOM ASCUiHH
TFDG F o~ &7 HE 1 B 45 A 1) 3= ZEOK ) J7 & g /K AH BLAE FH IS, (H& B F TFDG
FAFTEVFZ AL, RS B HE R SR AT AR IR AT Rl

K 3-4 o-HENEEE S TFDG FEA IR P Ksv Koo Kay HHKRFATIH S8 n
Table 3-4 Ksv, Kq, Ka, relative thermodynamic parameters and n for TFDG and a-glucosidase at

different temperatures

T Kq Ksv Ka AH° AG° AS°

(K) (Lmolts?  (Lmol™) R (L mol™) R n (kImol®)  (kImol™)  (@Imol*K™?
298 3.61<10% 3.61x10° 0.9976 1.41x10° 0.9976  0.9285 -29.53
303 3.2110% 3.21x10° 0.9995 3.30x10° 0.9982 1.0011 102.54 -31.74 443.19
310 2.67x108 2.67>10° 0.9959 7.10x10° 0.9969 1.0759 -34.85

T REAT R 735152 Kev Al Ka IR K R 3L

3.4.6 RIHRAHIE T

RIS 90608 T L PR R 26 R Sk, KRB S6 G AN By
15 1 60 nm I, Al 5 o7 B SR AT 5 SR P SR 0 20 A (200,
M 3-4 (A I (B) FHY, o~ HE Bl o s U B AR 1 9
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SRS TFDG KK 2SS,  H A BRI IE 1 9 ' o i LU IR 2 e A1 Y
B2 BRI G R BRI I I B R R 7 3l R A S A B R AN 2R, R W
TFDG M4i & 51 o-H %7 B8 B A RO AR, 3 BURS IR TR 2k B I IR 7K

A A

PN R, T I B L s i 023,

250 P 1400 - i
AR=15 nm a 0 pg/mL AX=60 nm —Opg/mL
0.1 pg/mL 0.1 pg/mL
0.2 ng/mL 1200 0.2 pg/mL
200 0.4 pg/mL 0.4 pg/mL
- ~—0.6 pg/mL 1000 F 0.6 pg/mL
5 0.8 pg/mL 5 0.8 pg/mL
. | = | pug/mL : | pg/mL
& 10 S s f
i bl L
S b i
EY #®
400
50
200 |-
0 L L 0 L \ L L
270 300 330 240 260 280 300 320
#HEK (nm)

K (nm)
K 3-4 24 AX=15nm (A). 60nm (B) I o~ & ¥E LG5 AR TFDG B[R 9t il
Figure 3-4 Synchronous fluorescence spectra of various concentrations of TFDG with -

glucosidase when AX equal to 15 nm (A) and 60 nm (B)

3.4.7 ZHEINIEDI

/ peak 2
jpea

peak a /

: = / peak 1
/
¥

/
|

a.u.)

80

g

Flouresence intensit Ly (.

3-5 - EWEHEE (A M o- M HHEHM-TFDG A1) (B) =45t
Figure 3-5 Three-dimensional fluorescence spectra of a-glucosidase (A) and the complex of a-
glucosidase-TFDG (B)

FH =450 6% 0 — B B TFDG X o %708 H B R IR AL, sl 3-
5 (A) B, o-HIEBEH B =485O0 AR DU MRFIE I, 18 a D3 A i
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I (hex = hem), U8 b A B8 (2hex = hem). 18 1 (hex/Aem=225 nm/340
nm) SRR 2 I REF T n—a*RaE SHEAIDEIET N, 1§ 2 (ex/Aem=280
nm/335 nm) FIREEE R AN (R IR R AL 1K 2Otk . inlsl 3-5 (B) Biw,
TFDG (A INHE 58 108 a. b 2OEHRE, W o-# &M S TFDG A AR
JH B RS R BUR A0 B O 50, [N 1 SRIELI N T 6%, AN K
%7 5nm, U] TFDG M o~ &6 H M 2 S VI RECE 1 o- B G B BRI R,
B R AR |, 1 2 WAL I — Rl R SOGRERH 35
oA, (HIEBORBARLARE T 5 nm, AHHRKER 1T 15 nm, $i8] TFDG KIINA
AR T R €0 B IR R AR O AR B T4
% 3-5 o &) BEH G o-H 2] HE H EE-TFDG & &) =4E5 ik g 15 B
Table 3-5 Information of the three-dimensional fluorescence spectra peaks of a-glucosidase and a-

glucosidase-TFDG complex

ou- H 26 W TFDG-o- i %) Bl H7
V-5 Ve B U35 Ve W3
Aex/Aem(nm/nm) a. u. Aex/Aem(nm/nm) a. u.
Peak 1 225/340 561.1 225/335 597.6
Peak 2 280/335 193.5 285/320 196.4

3.4.8 WAKIRAEEE T

WR4E Foster ARG EIHREE LB ELIC, BHHMATE T THRIAS LGS
SEART T BRSO Z [BAFAE BRI BB X3, IF HL 70 [ (1 23 A
PEBIRHIAEAKRT 8 nm BB, B HLae N WAL AR R B2 R 13,
TFDG Al o~ % Bl H 45 A i A R REE S DL AT (3-9) 1HEH:

F RS
E:]_——: 60
FO R0+T6

(3-9)

Xt r R TFDG 5 o-#i &I MEH R A S0 E; FA FoESET A (3-5)
FH; E RRREREHEBEAE: Ro AR (3-10) 1HE, & E=50%I ik #tih
X

R§ =8.79 x 107 2°k2N~*¢J (3-10)
X: «?=2/3, N oW EHHEFEEA TFDG M2 B R F5 N=1.336, AN
Pritde: o /& a- M AT E TR (9=0.089) U0 J 54 TFDG M4 4K
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WOLTE 5 o BEH BE I 2O SIS B, haX (3-10 5.

Y FWe(D)A*42
J= Y F(1)41

A FOTRTESBK A AL o-HI & BE T BRI G50 EE s e(V)FE TFDG TR A ALY
JBE IR ZR B

TFDG MR (b) 5 o-H &IHE T B 7O K AHGIE () ikl 3-6
(A) Fim. RIEAXHHE E=0.7587, Ro=3.07 nm, r=2.54 nm. TFDG 5 a-
HE RTINS SER (D KF Lom, /M 8 nm, H 05Ro<r<1.5R¢, XH
JIMER TFDG 5 o~ 7K H g AH BLAE R AR, ARG K I — A E 2 5L A
FET KA T AEfmit 58 e 3Pk ae B e fp 12,

(3-1D)

0.05 3— $o pae drde dbe
400 4 : . : B o= i 2 I
o-7iil & FiH R-TFDG
a 4

300
3 "0
8 é 1
g 200 ~
2 = 8 o
S

100

14
0 . . ———— 000 2 ; : ; ; ; .
300 350 400 450 500 190 200 210 220 230 240 250
K (nm) K (nm)

K 3-6 (A) Bl #on a-HE MRS (2) 5 TFDG (b) HZ6GHE 55 AMRIO 1
HG. (B) o- & MEH G o- & WE T B-TFDG E-a i E — Eotil
Figure 3-6 (A) The shaded area indicates the overlap of the fluorescence spectra and the ultraviolet
absorption spectra of a-glucosidase (a) and TFDG (b). (B) Circular dichroism spectra of o-

glucosidase and the TFDG-a-glucosidase complex

349 B &NiENHT

[ — ik (CD) SR T & B i — R R B F R 2 —
K 3-6 (B) &N, o-Hi&PEEEGN CD NEA ML, Hh o2 M brEHRE
s i T 209 nm Fl 222 nm PG, X8 R B no o F noa* BRIT 5
i), TFDG MmN, 8 o-% &0 FFREAE 209 A 222 nm ALYy CD 5B FT
WS GEILE), RN ERA KA REmME. R 3-6 4 o & M H 9451
i, BEHSE 3-6 (B) BoRgiRAML, BN TFDG J&, JoRi& &
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BN, o-BRE. B-PTEAN BRI B, XU oA R 2 I
B EIrE. ERE T, BBRERERY 4S8 T 25N
PRGN X AR S g RARL, AR FURGE, AR E RO TR2APIHREE
T a-HIEHEFBE — AT T a-BRIE 1 &

# 3-6 o- ARG EANIN TFDG B G —REM IS &

Table 3-6 The content of secondary structure of a-glucosidase before and after the addition of

TFDG

-2 - B-%4 £y ORI i
o- 1 ) K T 11.2% 36.8% 18.1% 33.9%
o~ &) BE E §-TFDG 8.1% 34% 17.8% 40.1%

3.4.10 /X%

SRR R TN TFDG Mgs &AL B RS o~ )58 G 3RS AH
HAEH. it 100 RigfTiE, EBmIRgs & he (-8.14 kecal/mol) #HAT40#7, 1
3-7 (A) Fivse 43 FRHEBIUMS M4 G A B e UE IR T7E 298 K ARk
B FIEH AGE (—7.06 keal/mol)o X — 2 AT R 5% 42 ok 7 4 7 2= v idh
ATHITE BB, A B8 78905 R T 7R RN T 431 1) R B P R R e 45 E FRBE RO 5
Wi, G5 R R R A AR 2 0Tk — 4 e 02, A 3-7 (B fiw,
TFDG 4Ei&TEVETE NASME, FREMMIRY S o- BN iS4, lsag X
) a-H A PE I EE . FRWE 3-7 (D) Fias, TFDG H %A 5% M4 4

(Aspdd3. Gludd6) A= SEJo AIAH FLAE 17 A o3 i PO AL) G R 4 i gt 1

WKIEIERE S RS T IX — K, XA AR g e B2 R R

TFDG PAsa 4+t RIS 4 MR Al i 77 Nl o- R & e, X 4e 5 Rk
ELPDI kS S

TFDG S5iEPEAL AT [ 2 S BTk I Asp203 (2.99A). Phe450 (3.08A).
GIn603 (2.85A) Tk T &4, (HixSeE K, RFENIHA BRI,
3-7 (C) J& TFDG 5 o-#i & M H Mg 45 & A R I B VE R, AR EFIE (553 )1
RERBKERSRK I, BR/R TFDG fiAN o-Hi & F i Bk, X5 5 —F
o 7] 267 T B A A T MEAR B AR A0, b4, 1 3-7 (D) &R, Phe450 5
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TFDG H 242 FRINZ [AIfEAE Pi-Pi HERRIX P AKAH HAEH 77, XFEHES S E
) SRR E DS, F—Fgi KA TR Pi-Pi T ZUFA7ET Trpd06
EETRRNZEIAZ (0. IR BB 5256 45 10 3047 7 AN FE EDIE,  FE- KA A
TFDG %56 o~ 4§ 17 B2 B s /K A ELAE F A B SR 3 1)

A

5o

[ % L]

i

Interactions
B Conventional Hydrogen Bond I Pi-Pi Stacked
[ Pi-Anion I Pi-Pi T-shaped

\ - \
J4X@
P

K 3-7 (A) TFDG 5 o-H & MEH B G- (B) ARIAHRNAR LA, HApi N a Rk

B GEE) 2 o-HEEEREREES A (C) oM EREE RSN EB/K RIS TFDG AHEAEH,

KR EFIIE B MR R BRI SRR (D) TFDG 15 H 4560 5 i Fl S SR B ik Bk 2 A (R 4
HAEH

Figure 3-7 (A) Binding diagram of TFDG and a-glucosidase; (B) Corresponding partial view of A,
where two amino acid residues (blue) are the active sites of the a-glucosidase; (C) The
Hydrophobic surface of a-glucosidase interact with TFDG, the brown and blue represent
hydrophobicity and hydrophily, respectively; (D) Interaction between TFDG and amino acid

residues around its binding site.
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3.5 458

BRI RE . EAIRBOERE . CD 2RISR, BEAEENHIZ) 55
Prfa o F X ERR, W97 TFDG #i o %758 B VB TEN LS . R EEE N

(1) HSCCC 4B () UANH 33 o5 7 BEFFEE A R AT IOmslis e, 3L
H1 F4 2075, B TFDG M BUR BN % . SEI R IHMHLZ al iy, JF 20
e A AR TE S PRV A R

(2) TFDG B Y o- & MH T KR A —R4 S0 51 TFDG—o-i %
WIS GRS K o-HE TS0, HPF4G IR R A 254 nm, Jf

HEE AR R . R¥SH AGH A TEL, AHORM ASCI{E 55

B4 102,54 kJ mol 1 A1 443.19 J mol™t K™Y, FEHLE G2 B RWAVERN, Hii
KA EAEF R EZIRS) . [P =458 el CD 45 R TFDG
RN, M5 T R B B 30 P i K P R £ B PR B R ol [ R b e, e 1 —
FAM G,

(3) Xl 7 Edikies e, 4R W TFDG HifETs AL SUbt

o AR ARG VE AL RUR AR B AR TR R, T I SRS R A 1 N TR AT 2
AR Bl R SR AM I B i P TFDG 5 Phe450. Trpd06 2 [A] 47746 W At 7K AH H.
fER, H5 Asp203. Phe450. GIn603 JE =24, #t—LRUH/KMHEEIEH
ARG R EIRS) Fy. XU FL 45 R TFDG 1R N2 ek &t ia
SRR BEAR R B FERt,  HAA S Rt — BB IE

35



RT3

FAE ETEEZRERMREZATRNEAWEMN

415|585

NARAEFACUTERE . R B BL R AN SR B s o T SONAR P A KR
Bk, ZEZLE DNA 707, G R, BEMRSE, EAREARERS
B 2 S N R TS I, H B RS SIS N, K R K
HHESFERERGRIL, &R N RN R RIRTUAA
A REFITERR B HEERETT . SEHSAL & PR By Fae 2t i) U 1 4R 45 B h
B, kPl B 2R BEURNL, B B A AR E B aU A i, X
J& T AL T SR TR AL . A RIS E 2 R EIRTE, X RP R
RN THIPEME AT O T, NS5 HSCCC 7r B 70 RSt At S
BTN IR, NRERNE DI RRMAER S %

4.2 KBS S

421 SERRF SHR

R 4-1 52550

Table 4-1 Experimental reagents

BNl 25 e
2 2-HRR-—(3- L HE-F e 6-HTR) s
AR [ 24 2R INE
et (ABTS) [ 254 (2 A B A
1,1- - FRFE-2- = A I ZR
AR ﬁ INF
(DPPH) HET@%%B@/_\ j
F2 (TFLD 93.61% %5 2 & HSCCC 43 B 4H4)
F3 (TF2A+TF2B) 54.71%+37.87% 2 2 & HSCCC 43 & 4H 5
F4 (TFDG) 94.42% %5 2 & HSCCC 4> 55414
I o AR [ 244 2t A PR A
2- 2 3k-4 4,5 5- 0 F L g s mp- 3-SR - 1- N
* i it AR [ 2 A A R A 7
£ (PTIO)
L RIR7S AR [ 24 8 AL 2R 0 B A 7]
UL AR [ 24 A 2 R A PR A
AL AR [ 24 4 AL A4 R A
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4.2.2 LIRS

R 4-2 IR AR
Table 4-2 Experimental Instruments
e LERs) 3
HLF R CP214 B AR A IR A T
B E IR KA B HH-S28 SR K B B
B bR A Multiskan FC SEBR K AR A SR PR A

4.3 LA
4.3.1 HSCCC 7 B4B 47 i5f ABTSY

SRFURS 7 mM ) ABTSYART 2.5 mM IS BRREH, BEGIRAF 12 h 5,
HOCERBEE 0.7, K ARREWKE HSCCC /0415y (F2. F3. F4) 414y 534k
WIRE, DMEAEZR C (VO MEAFMEXTIE, Pl As IR HAE 734 nm WO,
L Ac il Ag TRz LRI HRZE . i 2T R i R U3 21

B HEERR (%) =1-—25 Acx 100% (4-1)

4.3.2 HSCCC 4 554R 355 F% DPPH-

AW E HSCCC 4544 (F2. F3. F4) W4 5WEEEME 0.5mM
DPPH/AWIR A, WEAb/ N 30min J5, fE 517nm &b E oG EE, LA VC AEN
PR AR . S2IG2H . A SR IEBR R ANE 4.3.1 F 5k,

4.3.3 HSCCC 47540 4775 B%-OH

AR E HSCCC 444y (F2. F3. F4) A4 52546811 3 mM -
KIGIRTET . 3 mM TRIE WA R 3 mM [ HoO AR S, L VC 1E NRH M
SR, SEIGAH . A, SR, WK SRR ANE 4.3.2 Frik,

4.3.4 HSCCC 3 EB 47 75fR PTIO.

B AR HSCCC B4 4 (F2. F3. F4) A4 554k 0.65 mM (1
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PTIOVA IR A Ja N 30 min, VC AN, DL AsF/RHAE 557 nm I
B, SEIGAH. FEM. SIRHMERRAZE 4.3.1 k.

4.3.5 Gaussian i+ E &R 5%

AFEFF Gaussian09 K {4 9 1% iz sR 218 /7% B3LYP 7E 6-311G (d, p)
KA EXPUA R E R o T HAT AL, IR R R T O-H
K. By E H B EREHIE (Natural bond orbital, NBO) HiL i A7 Ja %4
M2k O-H # @ 2 fA¢ (Bond dissociation energy, BDE). &= HL T b 4 #LiE
HOMO FIEAKH TR HHEHLIE LUMO IBEZ . AEwumo Homo) 5 & T 1L~ 24
Xf He AL RE T B S o

4.4 ERE5T1E

4.4.1 HSCCC A BHENRIMREILEE N D HR

ABTS 7] AR i B FR A A AL e be e I B £ ABTSY, 7E R4 734 nm FEKAE
BRSO, Rl R 43 5 ABTS v, S FR AL SR 7 f E Hi s, Mm%
. il 4-1 (A B, =NER ABTSTHIRE I8 T X4 VC,
HEFERBIE. £ 4-3 BR="1kmRxHn K VC KR ABTS'H) ECsoft, I
PUE H TFL 1 TEDG iE R RE 1B fE, 43 li& 2] 3.15 A1 3.01 pg/mL.

DPPHe R IR E 4, fE 515 nm BEAALH B3 HIWOGE, AR5 H KRB H
T, BUAEATI LSRN — AN AR T4 DPPHe, i HL08 SR R S AT AE 4,
B2 R G EGE PR Gl K 4-1 (B) Bon, =AHGHEA RIFH
JGkR DPPH-RE /], HEFIEWMBINE. 2978 70 pg/mL 217, —ANH0 HIEREA
E TR, % 4-3 BoR, TFLiEF: DPPHe[RE Jifcfd, ECsofH A 30.75 ug/mL.

W 4-1 (C) ME 4-3 BIR, =AHDERR-OH BIREIHRT VC, H F2
>F3>F4, F2i&RR-OH [ ECsoffi v 87.84ug/mL, &FKTHAhA 5. PTIOS
PUAMRIR MG, P FERIEE HEER, ERIGEE. = ANHS R
VC j&RR PTIOSIRE) 2 RIFHIE MR R £E 60 ng/mL I, B 7R LLAK
(K E B R R HER T 2, H F4AF T 82.94%, RURHLF, H ECsofH
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N 2151 pg/mL. BEACkUL, PURMARE R T 9 TFL M TFDG B A A i 1

A —=—F2 B — P2
wop —F s —3 100 F

00 4 8 12 16 20 OO 20 40 60 80 100
HeFE (pug/mL) HeFE (png/mL)

0 0 100 200 300 400 500 600 00 20 40 60 80
HIE (pg/ml) % (ng/mL)

K] 4-1 HSCCC 4> B 41 4315 ABTS* (A). DPPHe (B).*OH (C). PTIO- (D) [

Figure 4-1 ABTS*(A), DPPH+(B), *OH(C), PTIO+(D) scavenging effect of HSCCC components

2 4-3 HSCCC 43 41 43 %F DU AP E HH 75 B R 1 ECso {H.

Table 4-3 ECsp values of HSCCC components for the scavenging rates of four free radicals

ECsoff (pg/mL)

Aoy
ABTS* DPPHe *OH PTIO-
F2 3.1540.192 30.7542.362 87.8446.852 32.7143.31°
F3 6.7240.13° 50.73+1.99¢ 102.8344.73° 43.8542.14°¢
F4 3.0140.232 44.0642.73° 255.7146.43° 21.5143.35%
VC 14.86+1.18° 58.2443.76¢ 382.5348.92d2 61.48+2.45¢

T AR R B 2 7] 2 2% % 7
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442 FEESTERED O-HBEKIH

OH

OH
& 4-2 TFDG )4 14514

Figure 4-2 The molecular structures of the TFDG

izl B3LYP/6-311G(d, p) 7 iEALISRINUF R IR M Ee ke b O-H B K
AR IR 4-4 FR. MyFREER 28R S R DU TEE R 2 ZEThREAL A,
T E A PRI 28 59 IR TPy R )N BORN 67 B, 1T My 2 0 e e A T e U AR
S B R AR OB SR, AR NS AR T R AR
ST HERBEAT BAVPAE132, FEARMAII 6 F T, ARG iR, R 5 T2,
FERR UL R IR . 2508 RS My e v O-H S8RIE B I BB 1

MR 4-4 T, PUFP S R AT By F ik C5-OH (B C5'-OH) 1 O-H
B, H TFL 8K KT TF2A. TF2B fl TFDG, XAl REse i Ti% & 7t
BEEUAR, PR T ANE R . fEVUAN R RS TAIrA MR, #id
CI2-OH ] O-H #fg K, XXM E M 252 70 1 250 iR BRI 4y,
XA REAE TR 5510 -E o b EEREEHE A 75, [zt B R
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FERIIN, VETERESR . HRR AL TR TR BRIk O-H #K, XWhE
T HAE T AN, Z H AR R .

NS A RS, TR A R ARy EedE (C3. C3'. C5. C5'. C7. C7's
Cll. CIl'y CI12-OH) #BLEHAh =R P KA R — AL E By e i s T v, 1Mo
AT R T YR AE, 2 TFDG s tE s m, H TFDG My L4
HitZ, mukrrbfgsn, PUMZEEES TFL Al TFDG M a g tkglr. X5
4.4.1 DU A ST AT 1 S B 1 4 e — 3K

R 4-4 VIR R IR A O-H K (fr: A

Table 4-4 The O-H bond length in the phenolic hydroxyls of four types of theaflavins

TF1 TF2A TF2B TFDG

C3-OH 0.9774152 -- 0.9626695 -
C3'-OH 0.9773701 0.9630748 - -
C5-CH 0.9757947 0.9621126 0.9624599 0.9623452
C5'-OH 0.9758261 0.9623204 0.9619756 0.9623633
C7-CH 0.9762220 0.9626330 0.9632528 0.9628001
C7'-OH 0.9761875 0.9633887 0.9625864 0.963399
C11-OH 0.9944203 0.9651339 0.9636242 0.9651702
C11'-OH 0.9770347 0.9628263 0.9631286 0.9651702
C12’-OH 1.0093523 0.9965087 0.9965744 0.9947904
C15-OH -- 0.9751801 -- 0.9753455
C15-OH -- - 0.9742526 0.9762892
C16-OH - 0.9671243 -- 0.9673006
C16’-OH -- - 0.966917 0.9762892
C17-OH -- 0.9660935 -- 0.9661715
C17-OH -- - 0.9660726 0.9677063

443 MFpRBE R IZE L HEFH NBO Bfam B

FEARA, KRESFEHEHEE (24 95%) J& T &% 8 3], XK HE
AR AE T 2B R T EE, AR SENCREE, 515
LT 22 AR B A I A R B T R BE R A AR . F 2, (R
R TR, By IR R T AT R, AV ER TR S e E B
FEAER, L ZE AL HUBA ) 51X A R A R TR RN
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45 AFABRIE FEUR T NBO AR R%, MAml%l, TFL. TF2A
A TF2B b C3 F/ay CI Ryt FAUS 7 Aty IE A #f 2 de /b, EHIZAL B 1Y
Eyedt 5 B AL R N RE I3 . T TFDG k2 C5 fyfedt, (HEILL
FA=AZRERTNE, H TFR2A M TF2B #&E T TFL, Alfe RN & T EE
MR, T ZMmEasE H R T LR A R S TASERE FREEDR
TFL, ®faifimEURENIEZ Cl2'hn, Hiksd Cll, WifFS 4.4.2 hasid—3.
T 25 A VB TR 1) = A2 B3R b B A R B v A A B R A TR B TR B
) C15 (15") fiAn C16 (16" i, kA4 F C12'fz, KXW RE C17 (17') Ay
BEAXR, FAHER ERE TR L =AM RE N ZAAAZEA KR, H 442
gE AL EoR ik, (HEEEMA RS C17 (17) MHRKTF Cl2'hr, XAlfHEZ
=AMBREZ BT T NER, XSBEEM H EF 1 C17 (17) -OH kil
H J5 - Bar i 0 8, il A s 3R T2 xf b, RICKE B e B H R T
FLAT A SR B TFDG Bk, HkE TF2A Fl TF2B, TFL1 Ak, {E% &R H
B W TR A R, 2 AR ERCR, PRI R A A 3
At PR 35 Sk i DO /S 2% 3 3R I B A T

45 PR R MR R 1 H JE 71 NBO Hifi i =4 (e)

Table 4-5 The NBO charge number (e) of H atom on the phenolic hydroxyls of four theaflavins

TF1 TF2A TF2B TFDG

C3-OH 0.44987 - 0.4803 -
C3’-OH 0.44814 0.48325 - -
C5-OH 0.46558 0.4884 0.49016 0.48993
C5'-OH 0.46469 0.49364 0.49046 0.49421
C7-OH 0.46046 0.4845 0.5072 0.50244
C7'-OH 0.45972 0.50662 0.48565 0.50676
C11-OH 0.46579 0.49679 0.48751 0.49723
CI11'-OH 0.46005 0.48451 0.48773 0.49137
C12'-OH 0.47378 0.51765 0.51732 0.51748
C15-OH - 0.52704 - 0.52761
C15'-OH -- -- 0.52735 0.49882
C16-OH - 0.51997 - 0.5206
C16'-OH -- -- 0.51979 0.53675
C17-OH - 0.5061 - 0.50666

C17'-OH -- -- 0.50618 0.50892
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4.4.4 TNFZREZEYFZE S O-H BDE o#h

Eyf2 4Ll O-H # BDE wJ DMEARFHIHEME I EE SRR —, BDE {H#/),
YOI W AL AN T 7 1 B B>, s S WY, JERR B BRI R R )
Ko BDE=Es+EnEs, 7@ FRE—NER TR HBHENRRE. &
BTG, o FIaeE. WA E S TR T O-H 1) BDE [HU1ER 4-5
7R o

MERHAETT A, TUAN R RS Frh#f2 C11-OH ' O-H 1) BDE fHiR/),
VHIZALE 1R R 5 R AR, FLR0E CL1-OH i, XRAFKTE R/ T
LI 55 10 K 830 2 I SRR, L B e 5 B B .
C16-OH (/= C16'-OH) ¥] BDE fHBAUIL, XFFE NBO ALK 7 Hr ok 4h
W, {H C17 fiz (Fi/=k C17'-OH) i) BDE {H#I1Rm, XAfeRlmTaiEm 0 5
JEFEW H ZIJERL T 2. BRI LRI, B TR & FBEE LR,
A —fr BBy L) BDE EIEAHZE TFL /N, XU TFL AL
WL, X5 4.4.2 R4 T

% 4-5 PUFh 23 Ky 23k g O-H 48 BDE (H#f7: kd/mol)

Table 4-5 The O-H bond BDE in the phenolic hydroxyls of four types of theaflavins (kJ/mol)

TF1 TF2A TF2B TFDG
C5-OH 384.1922898 382.348807 383.1188974 383.3438918
C5'-OH 381.8773543 383.1686743 381.8978421 383.580562
C7-CH 381.8883209 383.7477578 383.1610139 383.9840863
C7'-OH 381.8790712 383.4789943 383.3860897 383.8788518
C11-CH 376.6968243 379.6101107 378.7399436 380.5892677
C11'-OH 361.6676898 378.6715945 378.6489869 380.1508072
C12-OH 385.2753467 385.3103221 384.8220691 384.8824765
C15-OH -- 385.7543951 - 385.8753467
C15-OH - - 385.6936527 382.6727877
Cl16-OH -- 381.9737393 - 382.5690579
C16’-OH - -- 381.570952 382.1554082
C17-OH - 384.1480729 - 384.3743225
C17'-OH - -- 383.6597936 384.4598992
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4.4.5 AT% 5T FHIBE R BER 571

RIFRTL S TG, 0 T RBOEVEAER KR E b5z B & b s
Iy THUIE (HOMO) MEAKAK S 457> THIE (LUMO) #8 4% 7> A 1 5
HOMO #1I& [ RE & 2 CE AR e, T B 3 b 0 v 7~ B A B i ) B el A
M, W2 52 5l 7B e kA, k2, LUMO ¥l LUK aE &
REVER B0 BT g i), FLREZUBG, X BTSRRI R, WA R T
AN T WEILERE T T2 5k M fetE ikt mpiE
IREH % AE (Lumo-Homo, BR/)N, AREE FE AN ok 4 41 RT3 25 L3 BT 75 R
N, BIRNER S KA. WA RER D THARSENER 4-6 i, WiZks T
g L 4-3.

T N HOMO fgdk. LUMO Redl, &7t AEHFIWT, A 5 KA RS #S
& TF1, Hiks2 TF2A il TF2B, #Jhs& TFDG, X {k4heOH [ Hi i ki se i
73 2N B — 2

# 4-6 VIANNZE B2 Enomo A1 ELumo & AELumo-Homoy (a. u.)

Table 4-6 The values of Enomo, ELumo and AELumo-Homoy of four theaflavins (a. u.)

TF1 TF2A TF2B TFDG
ELumo —0.2239 —0.21737 —0.21674 —0.21441
Eromo —0.29975 —0.30069 —0.30021 —0.30094
0.07585 0.08332 0.08347 0.08653

AELumo-HuMO)

F: 1au. =2625.5 kJ/mol

AT 2870 I8 AT DU B 3 - s d s B3R AL, HOMO R ZR 1 B iZAr
BIEMESR, GRERN. HE 4-3 7TH, WU RERS T EEEMEAEE L
JTLH IS5 ZE 38 B C11. C11'. C12-OH, X5 FiR&gEie—%8, HINZE T
FEPHURRR T2k 2 C3-OH (MI/EE C3-OH), F A 3 Fomi R AR iy 2
BN, X 5R1SCh KR BDE FORF LA R — 8 oA IR R
R, FBRERIM RGN 2 5, DL EAL AR, ATRE T TF2A F1 TF2B
Pt EAGEEAR I TFL, (HEAN R PRI, Wk E 2 MR, 15
TFDG HIHEfbiEE S TRLAHZEA K.
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‘9

TF2A LUMO

¢
%

%

TFDG HOMO TFDG LUMO

P 4-3 DUR R BT 3R AT E 00 T HIE S5 H 1]

Figure 4-3The frontier molecular orbitals structure of four theaflavins
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4.5 2510

it ABTS*. DPPHe.*OH. PTIO-PUFf &SN E A SLI0 A& 0 2= B 1t
BRFFSE T DA S RN PUE AT . IR U5 T I BE K. NBO  FELfuf £ J5)
#. BDE. HOMO. LUMO K HIZr THIE T 1 R R Prea i 5 1 a5
EREAEMEENCR, SR

(1) HSCCC 73 B52H4r F2. F3. F4 Mt iEEE R T vC XTIe4, H
F2 F1 F4 4755, BP TFL A1 TFDG (13 PR 5 4

(2) Myt h AR TR S R 7 &, C5-OH (i C5-OH) #J O-H
BRI, RARMERS THIEMERICH R, HAA C3-OH (C3-OH) #ik&
TG, HEK o, B PRK. RKMEKNZ C12-0H,
HRREA TR TEE R, TFL b 3t op SR 7 K 3 L A
SAREER-ALE G, WAL TR AT IR bR o AR TR ) 2
TFDG )R &

(3) NBO Hififfi AL R R, BB FHAER SN A 2 5
AR T IR R G e TEE LR TR TR T AR, S EG
Ak F AR TR A RO, AR C12-OH &5 1 Fa A A R
Bk e Kbk EEUR TR R 2 TFDG ERiE e,
e TF2A. TF2B.

(4) BDE {H4r &5 %, C11-OH (C11-OH) hthiem, HikeRaE
T3 L) C16-OH (RI/sf C16'-OH) £, C17 fi (/=K C17-OH) [iE K
1K, FRUGRBR IS LIS e oINS, TFL ERER LY BDE
{EHEAHT L Ho A = AR K

(5) HOMO. LUMO K HBEHIAIRERI, TFL H& 5 KA, TF2A Al
TF2B Hik, fJa TFDG. HiZsrT4UIE BoR Km0 T I-L o J 55U i)
KRR EEEEAE, KRR AE EmETE.

™

&
[
P

46



RT3

ELEFRSRE

5.1 2518
(1) FFH PR Z AR AR B S 2 10 T2 44 N BB ] 80 min, $REUE S

N 80°C, RHfitk 1:30, 4N 35.66%; KFLWARERIG4iEEE] 59.86%;
I 43 T R HOR 4y B DR T R TS R RO LR SR IE Ot - -K (31101
6), LT HSCCC 4lifh, 7r &4 4 HPLC AT ik i Al %), 3t
F2 738 TFL, 2iJEK 93.61%; F4 44309 TFDG, 4%y 94.42%; F3 H5rH
TF2A 1 TF2B R-&4, 2Ly 59 54.71%H 37.87%.

(2) A4 o~ % B8 BE A0 S50 R ) TFDG M AU B 4F, 1Cs0 18 K
1.94540.097 pg/mL, FEHIHIZ) )% R ZIMGE R T, HESEHHEMIETE S
PEIRANH]. TR TFDG 5 o8 &1 PE T ERIE B &R B K HU Ok,
LEEPEESN 254 nm, RIJFSECERHLGE SR RWAEIG N, FEIKS) )R 6
IKAHEAER], HE5ESE o8 & 0 RO RO MR A, 658 T %
SRR RS PRI 1) B /K PE AN SRR R A A R PR v, DL o-BBE . B-#T B0 p-%

R, TS S =R, SRR TFDG 4 1EiE VAL sk
IR, I S o 2B i 2 [R) A7 76 PR /K A AR R = AN Sk

(3) VOFASNT A L SREG R I TFL A1 TFDG MR T TF2A F1 TF2B )
REY: SRT IR T4 R R & PR S FER4RIE C5 (57,
C7 (7)) Az EEAIEEK, {2 NBO HLfr A JR HU1 43 H 25 SR W HUR 23 3 In 4B 1 2
B b H EF R HE A AL, BDE & RIRSEIGHRR R & FREEE AR
MWHIRKZEN, "Waekh TRy THER. Irf 4 REE&Y Cl11-OH. C11-
OH. C12-OH &M T HAMA & MR 5. Z86°kE, TFL LRIl
THAWZERFE M B HAE S EAE, (1 TFDG MR HEE 2, Fbl
g B TFLA TFDG WHt A IEEE 47, TF2A R TF2B g IR — A, X5
IR B AL SR 1R — B
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5.2 BIFET S

(1) XF TFDG #0102 B8 B AW L AT IR AT 5T

(2) S565 Bz bR B 7 VAR AP S8 A SE BRI 70 DU AP A% 35 R R SE 1A
BAANEOT AR5 LR A A DU R4S 3 2k TFL A1 TFDG PiEfL
T

53 RE

(1) EHAFHIBEFAR, 250K TF2A il TF2B WA [ 4 1A B T 5
3k 5 ) FH 1) 26 BB €3 8 7 A [ 43 S AL R

(2) BEATANMISEIG AN YISENG, BHFT TFDG ] o1 25 W Bl 1o 1 P9 2L
J¥ o

(3) BRI H RS H S I A 40 S Re R &
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