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Abstract: Objective Guided by the “Five Principles” of quality markers (Q-Marker), combined with characteristic spectrum,
chemometrics and molecular docking and content determination, developed Q-Marker for the treatment of anemia with Fufang E'jiao
Jiang (B 77 B Jii 3%, FEJ). Methods The characteristic spectrum of FEJ was determined by HPLC using Agilent Zorbax SB AQ-Cis
column. The mobile phase was 0.1% formic acid acetonitrile-0.1% formic acid water, and the flow rate was 1.0 mL/min, detection
wavelength was 330 nm. Sixteen batches of FEJ characteristic spectrum were established with jionoside A; as the reference peak.
Based on the results of common peak area determination of characteristic spectrums, the quality of different batches of FEJ was
evaluated by hierarchica cluster analysis (HCA), principal components analysis (PCA) and partial least squares-discrimination analysis
(PLS-DA). Six key components were collected from each herb in Pharmacopoeia of the People’s Republic of China and literatures.
The differential genes of anemia was searched in the GEO database, and Discovery Studio software was used to verify the components
in FEJ. The content of two components in 16 batches was determined at the same time at 330 nm and 270 nm. Results There were
eight components were identified, namely caffeic acid, chlorogenic acid, purpureaside C, ferulic acid, jionoside A1, acteoside, jionoside
B, isoacteoside. The results of HCA, PCA and PLS-DA showed that 15 batches of FEJ can be divided into three categories.
Isoacteoside, purpureaside C, and jionoside A1 were contributing to the quality difference between different batches of FEJ. The results
of molecular docking showed that isoacteoside, lobetyolin, chlorogenic acid, and acteoside can bind to six key targets such as KNG1,
ISG15, KDM6A, DNM3, F2RL1, and CYSLTRI1 through hydrogen bonds, hydrophobic bonds, 7-m bonds, etc. They can be used as Q-
Markers of FEJ. The contents of isoacteoside and lobetyolin in 16 batches of FEJ were 6.05—12.30 pg/mL and 9.14—16.30 pg/mL,
respectively. Conclusion Q-Markers in FEJ was explored by characteristic spectrum, chemometrics and molecular docking, which
can be used for quality control and evaluation of FEJ.

Key words: Fufang E’jiao Jiang; quality markers (Q-Markers); characteristic spectrum; chemometrics; molecular docking; anemia;

hierarchical cluster analysis; principal components analysis; partial least squares-discrimination analysis; quality control; caffeic acid;

chlorogenic acid; purpureaside C; ferulic acid; jionoside A1; acteoside; jionoside Bi; isoacteoside
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Fig. 1 Technical route of research on Q-Marker of FEJ

1 UESHR
1.1 &5

HRERIY Acchorm S6000 & AR A ikAy, Hd
FAELLIAML UL Bt FEes . HEAE . DAD
Rrlas, HsRHM (dbsd) BHE A RA s BT25S Y
THAZ—HTFRT, R FERAEA R
AT MX-S BRERG A, bR DS S5
AAMRAF; 3-18N Bl B 0L, W mfE R
WA IRA R 8302 RUEIRE /KB, FHHIHH B
AR -
1.2 5

FEJ (#t5 1905075. 1907011 . 1907012 .
1907014, 1907015, 1907017, 1907020 1907021
1907022, 1909004. 1909007, 1909010. 1909011
1909013+ 1909015+ 1909016, 2 5 KK X NA S1~
S16), LAKALS A 1905075 HEI TR 141 2 24544
(#5 201812-001). &2kt (iS5 201905-002)
B FE 25T (IS 201905-005). WLitEZHE (LS
201905-002) ZLZBAMERES . SRR G 2

BEPAMEAE S LLAB BAPERE &, 350 el AR BT B R i A A
PRA P2 AL 0 HE S nERR (fiE5 110885-200102)
SRR (S 110753-200413) Fi B2 (45 110773-
201915), T~ [l £ 5t 24 ke s i Fe e s X e ot A
i 7K O BEE A (b5 DST190902-070). E&AE
PELF ('S DST190422-061). HEEMEELT (S
DST200513-060 ) . £E #h 3% 28 2 [ 1 B, (#ik 5
DST201203-071). 74 C (k5 DST201109-
057), M+ A s R EDE AR A RA R X
WEHAF (IS PRE9121002), Wy H kM Rt Rl
FIFRAMR W] DB o JE i 0 5 &40 #5035 =
95%. WM. OHERNEIES, 3ZHE Fishier Scientific
Aw, HARWHI R el . Ak H S E
Millipore Synergy #4H7/K R4t H il .

2 FAEEHR

2.1 FEJ HPLC $EEiZ

2.1.1 % Agilent Zorbax SB-AQ Cis to it
(250 mmX4.6 mm, 5 pm), LA 0.1%H R N5
RNTENA A, L 0.1%F BRKIEHON T shAH B, BRE



¢EH 2021128 $52% B 238  Chinese Traditional and Herbal Drugs 2021 December Vol. 52 No. 23

= 7151

Y FEF: 0~20 min, 2%~5% A; 20~35 min,
5%~12% A; 35~45 min, 12%~14% A; 45~55
min, 14%~20%A; 55~65min, 20%~23%A; 65~
80 min, 23%~35% A; AFUME | mL/min; FHiR
30 C; KK 330 nm; BEFER 10 pL.

2.1.2 SRS R EIFEI 2mL, 1
NG 6 mL, iwWERRTR, B, BEHR,
FRIEMN CHE 6 mL, IWIER AR, B, &9
IERL BT, FREN 30%HEAMR, FFERE |
mL S, 0 30%HEERZIEE, &5, B

NREaRY/
2.1.3 AHIREEERH S BONMERR . SRR VE

M C. PIBERR . fEH B AR 2T Ay BETE
PELF . FEHLEE K O EH By S BASTENE L0 IR E
B, FEEFRE, I B A i inHERR 20 pg/mL.
2% 52 20 pg/mL. PEHBTE T C 50 pg/mL. Pl ZR R
20 pg/mL. FEHIE R 2B H A1 50 pg/mL. EEEAEHE
1 20 pg/mL. FEHLTE I ZFEF Bi 50 ug/mL. FEE
TERETFE 50 pg/mL (VR A IATR, RISV A X IR A AT -
214 MEERE H45H S1 M FEJ (b5
1905075), % “2.1.27 TN 77 il A5t i v

% “2.1.17 WU G R AFIESLHRE 6 I, ek A
TR . DAEEHM B IR 2T A NS IRIE, KtE
U PR FEO UG THI AR RSD 31/ 1.70%, AH X B3 B[]

RSD /N T 0.05%, RIAICEHEE B R I
215 HEMHRKE 5% S1 M FEJ (k5
1905075) 6 3, ¥ “2.1.2” i N I7iEHS 4R g
W, 4% “2.1.17 TR R or IERE, 10 TR
o VM EOR Z R A NS IR0, SILE IR
KPR RSD ¥J/hT 2.99%, AR B[] RSD
BINT 0.03%, RATEES MR .
2.1.6 fFaEMERE 4S54 S1 M FEJ (it s
1905075), % “2.1.27 TR 7 izl At i v,
& “2.1.17 BURAIEFAE, 0(E 0L 24 4. 6. 8.
16+ 24 h FEFE, CFIEMAR . DR R OREH Ay
RN, K GG F RSD #1708 F
2.08%, AHRHEEE ] RSD %/h T 0.09%, %It
ARV 24 h WA EME R 1T
2.1.7 HPLC F#EERE AR s ST B 16
fit FEJ (S1~S16), #% “2.1.2” Wi | g4
RVETR, FE “2.1.17 TURN R Bl . SRA
(R 25 FR SU B AHUEE PPN PRI R 40 (2012A FFO)
XAk ERE ) ATA SCHREIT 08T BA S1 oAS I
PIi, INFA] 98 BE VN 0.2 min, X Aiig i T £ A
K IE A4 IEDUED, A2 16 ik FEJ (R4RAF R 3E LD
BILL o B FR o i, LA 2.

Ho, 5 SR AR A S EL, R
R AR, RPN SR, 15 S1~S16 RHE

Tk I PR WP D SN Y B - e~ R
hw - N .:LA..?. L} . S S S16
.'L N - A \ i ‘“,\,_ul -~ S15
S e PR A S '! g4
dea SN ~— — . A 813
ot - St S12
N ~ - — sil
P SO, - D ——— e S10
bl N i [ 59
U SV i S - . S8
b an A A .1 S7
Iwi NN i A Lot 6
SN STV SN P Ai T B S5
RO ST A e B An S4
PSRN ~ - e - S3
Atf-i N DY SN _ _ PN SR g S2
N i A oA ua " S1
0 10 20 30 50 60 70 80
t/min

2 16 it FEJ HPLC HEEE (S1~S16) REXTRIFEEE (R)
Fig. 2 HPLC characteristic spectrums (S1—S16) and its control characteristic spectrum (R) of 16 batches of FEJ
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Fig. 3 HPLC of reference characteristic spectrums and mixed reference substances of FEJ
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Fig. 7 Volcano map (A) and heatmap (B) of differentially expressed genes in anemia
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centrality, BC) FlI'% % & (closeness centrality, CC), ISG15 15750  0.6614  1.0752 33115
1&H Z-score PR [ Z-score=[x—mean(x)]/std(x), KDMG6A 03956  1.5789  1.0609  3.0354
i, x REBINSEUE, mean(x) - FIEL std(x) DNM3 1.I819 06020  1.0696 2.8535
PREZE ] HEATARAEACAL I, R bndE Al AL B 5 4 b F2RL1 15750 03160  1.0257 22847
SEAEA . B, BRI EOT DU TR S CYSLTRI 1.5750 03160  1.0257 2.2847

FERIZE AR R PEATE Bk, 3 R R A

S BOBR TR, T AR A HL 0 4% ) R 26
FEHEA AT 20 HOHE AT IAE F SR B AT A

HHERRIESHULER 1.

2.3.3 REIEA (BUEAD) FEME ST

W H B MR 22 57 ZE R AT 10 FRSRERESE R, 4

PDB ### /%2 (http://www. resb.org) H#8 2 FF T 44
HEM=gEg5 1, EERIENAJE (human). fi#ffT
JE/N (<0.3nm). X-Ray f#HT 6 SR S5 MV A 5T
5. KEEEE SN Discovery Studio 2016 v16.1 %
4+, FIH Clean Protein #<1A1 Prepare Protein &
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Bont ¥R A EEAT I BR 2 A R A A B N 2K 1
KA TR . A E AT, B RN
SR 1N S R VSN B/ R i e e VP 1] 5 A e T g
R0 B HIRCAR N T URECHAD, Rgaimth D4R
g SONM AR R 22k 5

234 JRFECRXHRIAE RS &R A A SR AR SR
SR, e REER R SRS AR s PR D AR, A
HI CDocker #5, Ke J5 e A4 x4 21065 2 )3 1 F1 4%
o UHRELE B PR ORI 2 TR R SRR R 1)

TR R Z (RMSD). # RMSD<0.20
nm, WL EIRHZERTS 0 TR R ] DE— @2 Bit
JRBCAAR S AR 25 BAR K, AT BH Fr ide 456 1 X 422
TiESSHNERAE A, gGRILE 2. FE5E
#H A KNGI. ISG15. KDM6A. DNM3. F2RLI1.

CYSLTRI, XEEEE H K] RMSD #4/h T 0.2 nm,

VLT IR BT E S E A, AT T
N5 R

235 HOHE BIWEESHTANEE 5 I 2R A

®2 BLEMOREERTEER

Table 2 Target activity pocket information and calculation results

4 PDBID  &EPEALEEF/nm e MBSy RMSD/nm  JRECARFT 408
KNG 5125 1.555 02 10.958 2, —32.4395, 1.720 1 0.194 18 84.570 9
ISG15 6BI8 0.677 00 —23.4283, —42.693 1, —33.2398 0.176 24 22.107 6
KDM6A 6FUL 0.500 00 234094, 7.0581, 12.3188 0.106 49 50.435 6
DNM3 3143 0.806 44 19.093 0, 13.6290, 11.2454 0.101 15 91.943 5
F2RL1 5NDD 0.550 00 16.079 4, 6.4449, 57.4530 0.086 98 36.083 6
CYSLTR1 6RZ5 1.041 98 12.800 5, 7.8955, —13.266 7 0.053 66 69.474 2

FREIR, WEERAIRZ, FEEC RS TE AR 1 1)
—AEIR KRR S, MEDMAEE . Rk, @i A
Bl (R EZGHY FAEOCSCER, XS, B, 5E
Z, I AT RERCN Q-Marker (1R 7 34T USCEE I
1%, ¥ 78 FEJ Q-Marker [FlIEH¢. IHIESRIZLZ . 2
HEE, S, BTN S AS BT Rgs AS
B Rew AZHEH Rbi. WSHRE . MIEKR. BE
TERETT o [RIA 255 RR I RS 78 FR AR B 1 8 NMRFAIE
By, AR R 13 AN AT 0 RHERE .
£ PubChem #(4f 2 48 2 I T 8o 1 2D 45
M, RAFA.sdf 1% K454 F N Discovery Studio
2016 v16.1 ¥ A+, FIH Prepare Ligands X} /)N
FRCARIEAT NG P4 = G g5 RN A AR S T4
FH, JEFIF Minimize Ligands #EIK T CHARMm
J1mid AT e e ME.
23.6 WMo SRS (BEEA) N FH
Discovery Studio 2016 v16.1 3 F ] CDocker 5tk
RV LI 23 W2 B Ab PR A Ve PR 1 48 . SDS
Site Sphere AR MR JF AN 245 HL 2, Top Hit
BN 10, Pose Cluster Radius ¥4 0.5, HALSH %
BREGMA, X447 73 fH % B -cdocker interaction
energy {8 - X EFT /- E VT L S HE S A BLAEH,
CDocker Energy fH Bk ( B -cdocker interaction
energy fEER =), U)Wk BH A6 2 i 735 8 1 2 A0 a4k

FOBAGE, WA AT FERT),  H o R R AT
REPEB . DUREC A S BLER FONHR A AT M
VEONBREL, e O $E 4T 73 (8K B 1 o 48
FEJ ¥ 97 ZLMUAE R YRRy, A5 3] 8 DXHEST
IMERTBHERI R, S5RIE 3.

T XHEGEREW], BN . WS
IR BRI 5 8L R A BT

®3 EMROHIITSE

Table 3 Molecular docking score of components

Pubchem CID WwEw) A XEHTOME
5281800 BEIEE ISG15 50.487 0
1794427 2k R R ISG15 26.972 4
KDM6A  50.609 2
F2RL1 41.747 3
311 MR F2RLI 39.645 1
ISG15 23.659 6
9898279 AN Rb ISG15 49.170 3
6476333 BRI 6RZ5 69.750 8
DNM3 80.218 0
ISG15 44.5576
6325450 FEMBIR OB E A1 ISG1S 27.153 4
5281782 FEMBIR O H B ISG1S 41.1802
53486204 WHHPE KDM6A  53.8304
ISG15 30.085 7
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gih, XNEHTMERE. Hb, REEAEHET S
1 DNM3 fill 6RZS [XHE4T Ml i S Hr
H¥E H KDM6A HIX 4T /i s SRR IR 5
HH F2RL1 AT s BT 5 &R
ISG15 MHEAT e UL R BEART . 2
A SRR BEAEHEE 4 AN BLor 0 22 M4
Refg B b /B F T3 RE S8 5, WIS FEJ 1697 3%

ILSE PR PR o
BB s e SR A A AR, B
FEEARET 5HEE DNM3 15 H s S HE
HAZEKMHLIAEN, WK 9. KR5S
PRER XA, Y ECR S S AR A A A AR H
3D K&, AN 52 iR eh & AT AR 2D &
FESIHTE 454 T DNM3 (8 RBD )

VAL
w Asd
J

9 RERMETSEER DNM3 HHEEIER
Fig. 9 Interaction between isoacteoside and DNM3

i, 5 DNM3 KRB KR SER41. ASP208.
ASN236.SER238.LYS206.GLY43.SER45.LYS44.
ARG237 RAZSEM, 5 LEU209. VAL64 K4
BiKAER o 456 1 B S L R TR IE A R PR S R ik
5 ASP208 FH 1 28 IR VR JE LY S44. ARG237, A
TR BB, W — N B P B P AR T
PEAL R, AR M BAEH .

T AR, KR R R AR R A
RSB R AT IR, 527 BEIEHEL. %
AT, SRR BEAERETT 4 AN RTAEN FEJ
] Q-Marker. 1, SEJEIRTE LI, PHhaEL 24
kA, LEMEE. BEIEPEFE FE] BERR
fiK, SENMEMER . FEREEREZAMEN L
JBYERY, WBE RS R Ry . XA
A3 AT PR R B DR K Q-Marker S B S
TENEE A S B A FBAR Sy, AT FEJ & &2
SEWF T
2.4 FEJ ZRAE=NE
2.4.1 (3524  Thermo hypersil gold Cis tuitifE
(250 mmX4.6 mm, 5 um), LL0.1%HR ZHEHR
RN A, BL0.1% I RR/KIEBCNRENAE B B A
Vel B6EEVEBFE : 0~15min, 2%~20%A; 15~
30 min, 20% A; 30~35min, 20%~22%A; 35~
40 min, 22%~25% A; AR | mL/min; A
30 ‘Cs; A& 3300 270 nm; BEFEE 10 uL.

242 MEEEBR RIS RS B FEI2mL, J0
NG 6 mL, WHEER/SIRY, Bl BCEHRE,
PREB AN O 6 mL, WnEERMRE], L, GIF
BIEW, T, RN 30%H EEAEE, FEBE 1
mL S, N 30% T EERZIEE, #S), RSt
AR o TRV A5 FAHE 2 B PR AR A VRURD 3 2 [ 1
FE ST

243 XHESEBRHIS BURBSIERTE . o7
PO XTI G &, REROE, IR RIS BB
TEWEE 25 pg/mL. WS HA 50 pg/mL VRSV,
B 75 50 B ot VA

244 ZMXRREFE U BEAATET X &E
B, MERE, BT SsmL &b, IEESRSH
FEEICHEF 0.484 mg/mL HIX IR FiAl . B S
PUE TR ik &, RSO, BT SmL &iH,
H I S A 3 B EE 0.478 mg/mL 1% 18 5 %%
o o3 BRSBTS AR IR I A 7 5
B G IR AV 2.5 mL, P BRTR T B AR
BORA 0 B S, BRI MR 04 24 5. 10,
50 £, TCH R ER A 5T BRI TR A 0 HR IS TR, 53
FIHERE. DURRIRE (O W EEEER (Y) %]
Wi g, HEATLRIEEDE, 15 2 FPaisr EE R 55
WNRETBEIERELT Y=14533X—1357.8, r=0.9996,
LR VU 4.84~242.00 pg/mL; S A Y=10026
X+1 3224, r=0.999 6, ZE{EyEl 4.78~239.00

PO

N
ity

C

(s
&
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pg/mL.

245 LR X R ESIEREE M S RE T
VRGO IR SV FEI A TR (15 1905075),
PLJ A5 1905075 FEJ BT XT S iy 385 [ P A5 ot A
B2 PIVERE S AT I E

PEE, 7£ 270 nm FAGITE S . 45 RRE, kil
PEK 330 nm R ZAHL S B SO0 FET AR A R
BEACHEERIE LT A 270 nom R
Z RS T FEJ ARt o 38 St Bl T
Yo, WE 10, B ITE T R

: ﬂ | ek
I I T | H . ~|| I’\ . .
|\,' _J‘-. ; J\J\ A ‘-v"‘"""v"“ B L AV A PPV VI ,_.ﬁ\‘n_‘ .",w\‘__ )-‘\ 4"‘__ - 3 B - . S
b
C
B 'r.I “
\‘ r‘ n|M‘ . .
P‘L \J .pn | \ il .‘.. Al } WI
w VL Vi /W1 ™ o H‘%%{%ﬁ:
b
WSHAF
(4
T T T

& 10 FEJ#ii& (a)- BE
Fig. 10

% “2.4.27 TUR TSI U IR, SRR 6
K, M BRI S, 4RSI E
AR RSD 237104 0.86%- 0.87%, i /&4 %5 FE R
FE (RSD) N 6%2%, R R AT

2.4.7 EEMRE  BFEI RS (LS 1905075),
T “2.4.27 WURTTiEH%& 6 A AT, e
BTN A E S Er, 45 R4 B ETAR Y RSD
3N 2.01%. 2.01%, e BEEHERE (RSD) A
6%281, R TIEEG MR .

2.4.8 faEMERE  BUFE BES (LS 1905075),
% “2.4.27 TUR TSI HHA IR, 20T 0.

2. 4. 8. 12, 24h 3K, e R EBEEHEFRNES
JRFF, S5 RS AT A RSD 437108 1.68%-

t/min

B (b). FAMEXTERIRE (o) ZEHMIKZIK 330 nm (A) #1270 nm (B) A HPLC [
HPLC of FEJ sample (a), mixed reference substances (b), and blank sample (¢) in 330 nm (A) and 270 nm (B)

1.67%, R 24h N, A ERERE M R IF.
2.4.9 JNFEEGREE B FET A8 (FIE'5 1905075)
6 1, HHfy 1 mL, &ML 101 WETHETER
TN 2 Bl X B, 4% “2.4.27 TR J5 ikl %
P I, WOESRION E , TS R Rl
gERRM, REECPEE SRR R
I3 HIN 101.13%. 103.19%, RSD 735N 2.71%.
2.90%, i 2 [FISCRERFE N 80%~115%281, FRAHT7
TR IHERA R AT o

2410 FEMIEZSFR B 16 Mk (S1~S16)
() FEJ, BEALOCHATHIE 3 Ml sl ik
BEREISE, 459 W3 4. 16 it FEJ th B80T
FTE S (1) 5 R BE 43 7 4E 6.05~12.30 pg/mL.



¢EH 2021128 $52% B 238  Chinese Traditional and Herbal Drugs 2021 December Vol. 52 No. 23

* 7159 »

X4 FE) hREFABEENRESREIENEER
(X£ts,n=3)

Table 4 Contents of isoacteoside and lobetyolin in 16
batches of FEJ (X £5,n=3)

iy FBEIEREH/(ngmL ™)

W B/ (ug'mL™)

S1 6.321+0.55 12.224+1.15
S2 749+2.17 11.70£0.70
S3 6.05+1.02 9.99+0.99
S4 6.951+1.86 10.5040.78
S5 7.361+2.89 9.14+2.35
S6 9.51+1.63 10.401+1.64
S7 9.58+0.43 11.40£2.07
S8 9.394+2.00 11.30+£1.45
S9 9.11%£1.39 12.701+0.74
S10 9.17£0.50 13.301+0.94
S11 10.8012.00 13.301+1.06
S12 9.711+1.43 16.301+1.53
S13 12.301+0.38 16.201+0.58
S14 10.8010.88 13.001+2.02
S15 11.00+1.55 14.70£0.64
S16 6.9810.60 14.50£2.35

9.14~16.30 pg/mL.
3 e
3.1 FEJ Q-Marker Bi%FE R 9

BEAE s 24 2 IR R, P R I R AN
I FH PRS0 2016 FEX B 2P TSR H T R 2
Q-Marker M, JERCT Hr 24 7= i o 4 ) ) 7 2
o MWEFISE. WAL, s TR,
2 R RS S 2 AN R, HYIREC T 2
R AR R R ], VAR
JR AR SR AL RN T V0 1) S 129300,

AT T MREAE BV FR RN T 8 ANELAY, ARIE Q-
Marker FRFA TR I . AL 22T BT IR R T
SR I C AR A A
X3 AR N E SO, N Q-Marker ikt
2%, AFCEE AR (R E 28 AR,
X%, BT WS I RERCN Q-Marker
(R AT WS TR, 9778 FEJ Q-Marker FIIE#%
ASMBH B RA TP MES . Hp (FREZ )
2020 fER A AN S 2H Rbi. Re. Rg fEAI S
TRV, FFIXEEABAR L N B B2 . 38
SN R T PIEAE ). e S Rei e Mt L
RE PUIEST . WA 5%, H BRI,

TSREBIBI, (R EZH) 2020 FRRITER TS
PLSE ST 0 B T 2 2 0 %, TR ELr,
IR S8 S S B P T . TR LA 5 2 e
(PIFE AR R MR N JG BT 7L

I3 T X ARANE R — P R B s S0 T i,
(Y3 P2 ARSI RS 2 K/ BN SEZ3F = sl ST 35 ad )
i FNIGAE HHB435), A FRHELE R ER, SBER
. WS, SRR, BRI 4 MR
FEJ J897 P MAE TG PERR 4, ATAE A Q-Marker.

AW YIRIG ) T DL & ]l M S A
%, EEFBEEEENESHRE AN FE] B Q-
Marker. X 2 DML EFBYEA . EAEHEH
L@ ko, BRI E T2 Q-Marker [ 715 AL .
32 REEEHER

FEJ & T2 RO Z. %5, B,
KRB MEEIUT I, W H R 2 B2 K
WA S SRERATI, TERFE B A 50 1)
PR, BT ORFSRIOA A, AL F
O, BEWR 2f5- 16T BE . 255t FET #EATHEEL, B
JAS RN e e 207, AFEIK I 30% 70%. 100%
HEEX FEJ BB b T 5 R . W FC R A A
BEVE NFRIUA NS, SEmaER o o AR EL,  H AR
Afarg; H CEHREL, Gikge, Sz, i
FlSER 2. 06-1F THE (1 1) MZIERBUS, ik
YR . HIE TR, RICREE, RICR
H CIERBU I IEATH % . thah, TR RIAN ]
VAR TN T 0 e 22 S AN B IR, JLH 30% H I
VI Tl g ) B BE Y, DRI ) 30% FRBEAE
SR [, i 7 SRBGE AR RS EUIK
B, AFAES ENE B FET 40R 5 AEIE g R B 5 42
33 BiERHER

ARHIE FURTRFAIE P 1% A0 15 120 5 A PR 8
IRBNAHZH S s S5 A AT A . FERFIE B AT 5T
W, R R FE SRS 4R 7E 190~400 nm 7E284
i, IR T AR I RRHEERE . 7R 203
nm RGBS RH Rey, SR TN AEAR (&
w0, NS E T haSHEDE R, gk
TR, I AR IE T 203 nm /R K . iE
A SCHERCL K DAD HfiRoR, SRR
WS AAE 270 nm A2 A58, FEAS NG K 270 nm T,
R E U RET 15 min 2 T E, KRR
SRR SERE, TR AR B 270 nm /B AR K. 76
SEMETT I T, 330 nm T g i A 8 2 F1 &
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W U vy LB, B H R Ho B LT
TS RETE 330 nm K AMRUCRES, Rk, RAERE
E I rh ot He AT RN . 25 b, IR HRE 330nm A
For A o
AWFFHELE T S MR R, B CHE-K.
LHE-0.05% MR K . LHE-0.1%HERIK . 0.05% H IR
ZiE-0.05% /K 0.1%H R . 15-0.1% F K . 45
BRI, 1 0.1%F IR LIE-0.1%F B KVE NI SIAH
RN, ILAUEER R, HERELr, HUARERK
TR /KA IS o] DLE— 25 D08 % A W TR T, 28K
Rtk b, RIS EL TR (25, 30,
35 C), AFAAFIRE (0.6, 0.8, 1.0mL/min), 45
BRI, MKEN 30 C. AR EAN 1.0 mL/min,
Ry 330 nm I, Frfs (g (5 H e % |
T I 53 8 P 5 7 T R I R 4
(EE R E AT T, R AR B S A 28 7E
190~400 nm fEZ T, 15257 B EAEHEE N &
18 327 nm AAEK NARKRYG 2SI ig
aifE 268 nm oA A N ORI B e AR
R 330 nm NIGE S BESTEREE, AEAIK
£ 270 nm FllE RS HE . X FEI FRAE B 5
it 25 A REAT AR, TELRAIE 2318 3040 28 25CR 1 TR
ARFEATI ] o FEZIMBIAHGEL 26 N, o BEEAE
PR RIS SO IS L R A, 70 B REA B 2R .
AWFFEIRAE T —F FEY B Q-Marker W 5T 181
BB Tk, 1RIET FEI FREEHIKE
RBAE FAEHHFEARGEF SR

S 3k
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