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Abstract  Tryptophan hydroxylase ( TPH) can catalyze the hydroxylation of tryptophan to 5-hydroxytryptophan
(5-HTP) ,which is a key enzyme in the biosynthesis of 5-HTP. In order to improve the efficiency of Escherichia coli cell
factory synthesis of 5-HTP. A series of mutant of human tryptophan hydroxylase-2 ( TPH2) was constructed by rational
enzyme design and site-directed mutagenesis technique, and expressed in E. coli with high L-tryptophan yield and con-
taining TPH coenzyme tetrahydrobiopterin ( BH, ) synthesis and the expression in E. coli regeneration module. Tt was
found that duly reducing the number of hydrogen bonds between enzyme and tryptophan, enzyme and BH, was conducive
to increase the yield of 5-HTP. Keep the binding condition of the enzyme to the substrate tryptophan remains unchanged,
the higher the number of hydrogen bonds between coenzyme BH, and enzyme, the lower the yield of 5-HTP to a certain
extent. The cell factory with the highest production of 5-HTP was constructed by mutant enzyme V195A/V1971, and the
production of 5-HTP was 54% higher than that of wild enzyme constructed cell factory, and the production of 5-HTP
reached to 16.17 g/L 48 h after fermentation in 1 L feeding shaker. Rational design is an effective way to improve TPH2
enzyme activity and break through the limiting step of 5-HTP synthesis. Too much or too little hydrogen bond linkage be-
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tween TPH2 with tryptophan and coenzyme BH, is not conducive to its catalytic activity.

Keywords tryptophan hydroxylase 2; rational design; site-directed mutagenesis; 5-HTP ( 5-hydroxytryptophan) ;

cell factory

VER—FhAE 2 I PR LR, 5- 93 ik 5 2R ( 5-
hydroxytryptophan , 5-HTP') Jg& i 2835 i IfiL 1 2 ( se-
rotonin, 11 #K Ky 5-%% A} 5-hydroxytryptamine,
5-HT) A48 B3 2 ( melatonin ) 58 JLFh B B A= BT
REAY TR | o FIHAEBUIAR JHAE | st 2k HIAE
AR TCE M 4 R TR 2 i 0 ) R % T S8R5 T )
BEEDRL, W EA E R, LT,
IAT—ENAEMFE Y INGKT ( Griffonia simplifolia )
R RSB A 7= S-HTP Y T Az
TR 24, 3T 47 R IE T 2 e 1) LA (5 2R 8 Uk}
A A e Al B ELER T A U 2 1 T 5K
VAR IR HEA T R B A 7, JF 850 h O e I
F 3B AR WA BRZ W (BT b 2 3k B AR P R
B R 7)) F) A Wy 5 A 12 52 37l Ak AR 7
S-HTP'™" JFE S ) 1 1, (5 20 1% 5% AL I ( trypto-
phan hydroxylase, TPH) {27 TPH1 Fl TPH2 W
7y, Horp TPH2 28 MULTE & A BR g, B L-(
PR ( L-tryptophan, L-Trp) ¥4I B 5-HTP i
o 2 L DU A WS ((tetrahydrobiopterin, BH, ) A
B, DL Fe? RN 1 HE  RIGIRA T
( Escherichia coli) 5& 4= B/ MR (& 12, R, #
PRI R 8 5-HTP TR 2 /07 B HoAn
ML ZE—Fh TPH, Jf H5 ZEAE 40 ) 44 BH,
ARG AR LT TPH 76K 575
TR PERIBAR 22 | L R R A T R AT A SR A
SECS-HTP I, T Tl A A 7K
H%| Wang LU G AE K R A B BL21 R
AL BH, OB TPH2 #8428, JF 4145 & 7
1 5-HTP (7E 10 L & REREFMEL A 40 h 7 5.1 g/
L 5-HTP) , NAITA A vl 38 i S A= 1) o 1 LA ) 46
W RBRIEIEAT 5-HTP B Toalkfb A= 7=, Xu 251000
L-Trp L& UR R85 B KM R A TR AR K 21
FERHEM L-Trp 5 B — 13- 4-7-BR IR B —
2 & i ( 3-deoxy-7-phosphoheptulonate synthase ) F)
Je Bl R AT A DS N L-Tep B 7 AR RS
TPH FURLA 5 UKL 4 5 L-Trp F2 AL A2 9 5-HTP
MR B  TERR P Y 5-HTP (7 42 = 3 1.
61 g/L, SIEURE =M MRAH AR R T 24% , 1Ni 5% F

L-Trp A9 &5 8 LI HI M 1.66 o/L [%2%0.20 g/L,
Zhang %" FE R I35 B T AL T 60 SR PR A
e OFZ R A A NADPH FAE R B 3635 A U5
TPH2 AR, SEBL T LA AW A IR 5 L & e
*EHK B2 28 h 77 8.58 g/L 5-HTP, X &4 M 1k
A 1 LA AW R B IR M S B B S-HTP 19 J5e e 7
i, Wang 2000 S 5 8 IG I Wk 5 ( Schistosoma
mansoni) {05 IR FALHE ( SmTPH) HIAT. N5 Y
AP (BH, ) B SR 5, A T —Fp
AL L-Trp 554k 5-HTP K 35 7 i A0 S 2540
M, ARG, A @B ( Harminia axyridis ) )2
EU R ( HaDDC) 4k 5-HTP 24 5-HT, H T 5-
HT A7 B = ik (414.541.6) mg/L, AW
B AEVE— AR TE TPH (935 M AR & 5-HTP (1)
P YR A FH e S K N R D T
A FE AR, X S5-HTP (1 Tl AL B E5 0

1A %

1.1 ##

1.1.1 H#% KWBIBRAEE (Escherichia coli) TRP-
BH, , H1 P2 & O/ F1| Bii & A= 90 B B0 A IR 2 &) F
BL21(DE3) ME &M & ™ L-OdR H&F 6
FIR P (tryptophan hydroxylase, TPH ) i i PU
SRS (tetrahydrobiopterin, BH,) A W5k
Wi K545 % DHSa-pET28-TPH2 Jif & TPH
B S & R N TPH2 & 3R ¥ %1 (NP _
775489.2) BFAE AL (wild type, WT) , M4 K 5 4
ST 2], N T4 U5 EA R pET-28a
(+) Nde 1 Fll Xho 1 Z[8]1#5%] pET-28a/TPH2, 1k
A7 T R4 DHSa ™7 i A A H
PR BRA AR AL, KIBRA T DHS« J232
AL, W [ AL R E R RA A,

1.1.2 3%4 % (QOLB( Luria-Bertani ) 1 7 3k . 7
B HCY) 5.0 o/L,  H i 10.0 g/L, NaCl 10.0
o/, Z&187K 950 mL, ¥4 pH % 7.0 J5 I E B T/KE
AE L, FollFEAREE SR 15 o/L Bk, @
TB( Terrific Broth) 17 37 % . R $2 B 24.0 o/L,
JBEEE ¥ 12.0 g/, K,HPO, 16. 43 g/L,KH,PO, 2.
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31 g/L, Hil 4 mL,pH 7.0, i il [ 4455 5% 3L 65
15 o/L Bilig. @ Fh ¥ 1557 L. #i A0 30 o/L,
(NH,),S0,2.5 g/L,K,HPO, 7.5 g/L,KH,PO, 2.5
o/ L, BERRHRIY) 5.5 o/L, MgSO, - 7TH,0 1.0 ¢/L,
FYEEIR 1.5 g/L, 7l FeSO, + 7H,0 6.0 mg/L,
MnSO, - H,0 3.0 mg/L, pH 7.0, @EBERF3 .
Hi%HE 10.0 g/L, (NH,),S0, 5.0 ¢/L,K,HPO, 5.0
o/L FPEER 1.5 g/L, MgSO0, - 7TH,0 2.4 /L, it}
PH 1.5 ¢/L, HiFeSO, + 7TH,0 80 mg/L,Mn-
S0, - H,0 3.0 mg/L,ZnSO, - 7H,0 3.5 mg/L, pH
6.8,

1.1.3 #5314 JBOkL pET-28a(+) W H Nova-
gen A, AP SYFF LR 1, B
AT A TEARA R A K,

F1 AHRWEHN TPH2 REGRMEEFNSI 953

Table 1  The constructed TPH2 mutants and the

primers used in this work

¥ RARIR

5 AULE

I NI85P Pfl: GGTTTTAAAGATCCGGTTTATCGTCAGCG
Prl: CGGATGATCTGCATCC

PG AR A BT 5 | 47 31

2 V195A/ Pf2: CAAGTATTTTGCCGATATCGCAATGGG
V197l Pr2: CGACGCTGACGATAAACAT
3 G200N  Pf3: GATGTTGCAATGAATTACAAATACG
Pr3; AACAAAATACTTGCGACGCT
4 T2171  Pf4. GAAGAAGAAATCAAAACCTGG
Pr4. GGTATATTCAACACGCGG
5 T316C  Pf5: GAACCGGATTGCTGTCATGAAC
Pr5: CGGAGTATACAGCGGATCG
6 C3571  Pf6: CATTGAATTTGGCCTGTG
Pr6: GTAAAGAAATAGATGGTTGCCAGTTTC
7 C396E  Pf7: GATCCGAAAACCACCTGTC
Pr7: AAATGCTTTAACTTCTGCTTTATCGC
8  K398R/ Pf8: GAAAACCACCTGTCTGCAAG
A399P Pr8: GGATCAAACGGACGAACACATGCTTTATC
9  Y446R/ Pf9: ACAGAGCATCGAGATCCTG

thathl Pr9: GTATACGGATTATAACGAACGCTAAACG

VE T R4 5 MR 1931 4 P 91
1.1.4 & RXAE5MMEXE 2xTag PCR Mix
( RAR KT201) JFki /N F] € (DP103, KHR) |
Q5 & SR AZ A F B (NEB#E05548) | KAl &
(Amresco, 3 FE Zj 120 ) TR BE ( Biowest ) | N Jii
Pk e | F SCRUPN s BE S N NG N NY-DU R 3 2,

e (TEMED ) | 3k 7t 12 e 341 hy o8 4l 9% | PR 2 (3%
af) WA TR BRI S AR O A B 4k
L-{8.%8% (99.87%) .5-HTP ( &t 99.62% ) brfE i
¥ H MCE, PCR 1% ( PowerCycler Gradient SL,
HE 2 Biometra) ; L5441 ( Gene Pulser Xcell, Bio-
Rad) ; L3k A% ( DYCZ-MINI2, b 5ix—) ; 5 8 i
A= R R ( PHOS b 3 TS 52 56035 45 A BR 2
A ) B SO (14X ( Agilent LC1200, 3 [ 22 1
w5 AT AR I S AR 2% (G1314B/C) 5 H
gliZK RS (Milli-Q, 32 [H %5 # ) 5 B+ 73 b7 R F
(Sartorius BL4100, f&[F Sartorius) ,

12 FHiE

1.2.1 RELEZFAREHRME  HBIE Hots-
pot Wizard 3.0 BIZEA 45 8, B 5B 5 IF 1t
RHEEIRAAE™ . FIFH A TPH2 HEAL45F3 ( PDB
4V06) AR R 1 AutoDuck Vina #E4T TPH2 & H:
RAMKE Yt e i BH, A4 B A Fe™
X AR IR RGN 10 ANk AL B S A
TEPE BB I me IR 245 1] ProSA-web #4715 Al
i A3 AT AR 5620 . J PyMOL ( Version 2.0,
Schridinger, LLC) #E47 5z 4344 1% 19 7] 4040 22 B,
FRAE 1 5 1) 28 A8 7 45 S ¥6 B () R 3L R A2 4k,
Primer X 7EZE AR G W TR AT S A8 5 W)
FIBETHY Q5 a2 AN 2 AR K ) £ ( NEB #
E0554S) B Jei#t T s PR E PCR, SR & T4 24
R B (NEB #MO0201) T4 DNA 427 (NEB #
M0202) F1 Dpnl ( NEB#R0176) (¥R 5K R £ W ik
B PGHEIAME PCR =W IF R BRBIAR , 55 % A K
W54 DHSo SR AZ S A, 1R 7% PCR 3 Uk FH
PETE R I SR HUTORL, 15 8145 TPH2 AR E 24T
IR VAR A 2R UL W L O 2 D5 1| S DS
TPH2 20 Bk $ UG 46 5 A K35 45 1 BL21
(DE3) , i A5 2| PH 4 e e I, B 22 [ 44 LB 45 5%
FOFHRIE AL B B 5 RN T4 100 mL A LB
BRI 500 mL ArFIE N, BN 50 mg/L BY-RAR
FE#,37 °C 220 o/min RHFFE 12 h; % 5% (1K
FUMEL, B IR EeFh it i 42286 100 mL TB & %
FRIE 500 mL = FNfrh IR0 50 me/L 1 -RAREE
#,37 C,220 v/min #H1T7H I, 0Dy, 47 0.6 ~ 0.8
iF, %M 0.1 mmol/L TPTG 55 31k A R R ¥ L i
20 b B S S HE W 4 000 r/min #5010 min,
F& g U @ 4, 1 0.1 mol/L PBS(pH 7.0) %%
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T VR O L T B 24V B Ol 100 mg/mL Y
PR, VKBS T RS S 4 °C .10 000 1/
min 2.0 10 min, Y5 3, SDS-PAGE K Il 28 A%
Mgk 1% 0, I DLBF AR 8 R 2 BE(100% ) , ] Im-
age] X 5L 2H S8 8 il T8 B AT ARG A2 =40 HT

1.2.2 5-HTP X Bae Amle  REFA 8 TPH2 &
5 9 AR R A R G b T A K% 45 i TRP-BH,
Fa% 5-HTP 4L 1), [FIFE LRV PCR i 15 2]
BTG KA AR R 28 LB &4 37 «C
THALREFE 20 h, SRR 2 I & AP TR & 70
mL [ 500 mL #% i Ff 55 55 H 37 °C L 220
v/ mindR G FEE 0Dy, 10~12, B35 FRUF 01
Fi 10% e Fh i H2 A4 300 mL K7 7231191 000
ml A BTl AR Y ROV PR IR 37 CHE SR,
W RS 27 L/h, HH Sk 220 r/min , 38 i H gl
KA S pH 6.6~ 6.8, g B Hin A
FEAR 28 30% Fh 308 18 i A i, R 48U FE 30%
~40% , YR W R ARSI R R T 8 o/L
AF, MR B R B O 600 o/ 1 AR 2 BE VA TR, 24
KE OD g0 i85 30 ZEATHT, iINA 0.2 mmol/L )
IPTG #1755 IR R IR 2 30 °C, H & 48
h BREEZEH . RS, BUR B ITH 2 mol/L
AYERER T pH {2 3.5,10 000 r/min &[> 5 min
ERER, FWE W 0.2 wm JEREEE T
HPLC k| 5-HTP Fl 22 % i, 5-HTP KR
FH 5 200 AR 35 15 R DU 4% 14 (3% 4E O Hy-
persilODSC18250mmx4.6mmID , 5 pwm ( Ther-

mo Fisher) ; Kzl %% R UV K45 ; 3 shAH A 1.0%
(pH 3.00+0.04) ,V Bz S50 : VHEE=92 : 8;
WA 1.0 mL/min; K03 KR 275 nm; #EFE &
10 L BERA I 35 °C iz TR RN 20
min

2 BR5H

RITERIEMIZIT

TPH fi#fk. L-Trp ¥23& 464 5-HTP, J& T BH,
WA DS T 1 R SL R P2 A ( AAAHS )
Hr TPHI 5 His272 His277 . Glu317 Fl =K 5
TR R RO F s R
£ = Juhif-2 L R-BH, B8 YHIE G B kA
T L8 AEE ) Song %1% #£ TPH1 5K
Y L-Trp BIS5A 07500 3A JERI N T 9 ok
B (T265, P268 ., F313 E317, F318 ., G333, S337,
E340 #1366 ) , ¥ B A150 Wl 5248 N 212, & 8L
S337A WIEMEIG N T 1.3 A%, FIH] TPH2 fitfk.45
FBERAT SRR TT T 9 AR BB AT 287
N185P, VI195A/V1971, G200N. T217I, T316C.,
3571 .C396F . K398R/A399P  Y446R/F447Y 5 {f,
MR BH, Al Fe>' X4, & 1 /& PyMOL & B |
H AutoDuck Vina #17HF 4 TPH2 J 4% RATIK 5
@R BH, 1 Fe’ o FXHEMR BN UL E 59
SERA B BcRR R A, ] DL — A7 A5 B AR I 28
74 RIVAT 5 | il R0V ) (0 2 R S e BH, 45 A
SOEBECE (2 A Re AR Y W O (A AN
FaE PEFRER (D) A5 D7 e 2 B R i 2 SRk 1k ST
PIHERIESEEAKR(F2),

21

1 TPH2 RREGSEEER BH, Fe*' LR

Fig.1

Docking results of TPH2 and its mutants with tryptophan, BH, and Fe**

A-J: WT N185P \V195A/V1971 ,G200N \T2171,T316C ,C3571 ,C396E . K398R/A399P | Y446R/F447Y
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Table 2 Characteristic parameters of TPH2 wild enzyme and mutants and quaternary docking complex

=

TPH2 245!

BH, #5463 ki

Trp EEREX AR

i/

[ RRaE IRUIRE K

- (Keal - mol™') (BH,/Trp) 48%( HEmeiss SVHME
wWT Thr311,Glu363, Gly379, Arg294 GIn337 Lys429 -11.490 4/4 51.15  74.80 -0.459
Ser382 Phed47
N185P Glu238 \Lys331,Lys368 . Tyr201 ,Gly204 ,GIn205 -9.863 8/4 51.55  74.80 -0.455
GIn369 ,Glu423
V195A/V1971 GIn337 ,Phed47 Tyr201 ,Gly204 ,GIn205 -10.020 3/3 51.29  74.61 -0.463
G200N Glu338 \Lys437  Argddl | Lys429  Arg433 -9.398 10/3 51.33  74.80 -0.465
Serd44 Val445
T2171 Arg205 ,Glu211, Tyr212, Tyr201, Arg204 . GIn205 -10.490 7/4 51.37  75.59 -0.448
Asn256 ., Val257
T316C Arg237 ., Lys368. Tyr201, Gly204, GIn205 -10.080 8/3 51.15  74.80 -0.459
Glu370, Glud23
C3571 Leu309 ., Ser382 Ala355 -11.220 2/1 51.15  75.59 -0.455
C396E Leu309 Ala355 -11.130 1/1 50.41 74.80 -0.471
K398R/A399P  Arg303, Leu309, Glu363 Ala355 -11.000 5/1 52.00  74.59 -0.467
Ser382
Y446R/F447Y Thr311, Glu363 Tyr201, Gly204 -11.650 4/3 51.15  74.80 -0.474

22 REEWHESIEE

PEHL pET28/TPH2 21 ks, Al H 15 11 Y %=
EIY(F 1) Q5 &S &AL R A & (NEB#
E05548) #4141 k)5, FIH pET-28a (+) il
H51 %) T7 1IE 514 . 5'-TAATACGACTCACTAT-
AGGG-3"F1 T7 [ 1754 . 5'-TGCTAGTTATTGCT-
CAGCGG-3'#4THi 74 PCR it % g H4H 1, 45 5
mE 2 froR, A RIS T KN 1.75
kb P 550, SR N —3, #2207 5
UE, TR S8 ARRERFE BT i 5T AT T 284

(F3).

B2 TPH2 REEEHFEE PCREELER

Fig.2

Results of colony PCR identification

of TPH2 mutant recombinants
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B3 TPH2 REGEAFUFRIEER
Fig.3 Sequencing confirmation result of TPH2 mutant recombinants
B BG5S [ GRS XA — D IEE A(A) BB — 28R M(B) TR, R R 9847 il OB FF 31, A TPH2 BPAE AR
FRAFARAELTRT A X 25598 5 B TPH2 HP2: BRI ZE AR R S LR 7 51 v 45 1

Sequence position number starting from the first base A in the coding area, only the mutation site and its nearby sequences are dis-

played. A: Comparison result of nucleotide sequences of wild and mutant types of TPH2; B; Comparison result of amino acid se-

quences of wild and mutant types of TPH2

2.3 TPH2 EERTHERIEFER

2% TPH2 FE P 8 A8 f& 3 A K35 4 1 BL21
(DE3) J57E TB 5 F iiA S R A GO E 4, T f
AR RSB T AT e, B A A 4 A M S
RN T FI 24 58 kDa 4 TPH2 S48 &

HE (B 4A) , HUAINT 5 28748 K398R/A399P HI %
PEFR TR, 278K C396E Al 5 ik B i fIX,
Hop g AR i A B 22 AR B 3 (P>0.05, &
4B) HEMK I TPH2 455848 JL P Y RE 7 R 7 (0
RIS K sy 4 TRP-BH, rhEsiaik,

4 EH TPH2 REMFR LS MMRME K SDS-PAGE LiFHil LR
Fig.4 SDS-PAGE detection results of whole cell lysate supernatant expressed by recombinant TPH2 mutants
A:SDS-PAGE HLKIAT; B TPH2 k1 i 1 LUAR (R[] 7 B R ORI 3 22 5%, P<0.05) s M2 28 B> T B AR s N R 5 1Y
E.coli BL21( DE3)/pET-28a-TPH2; 1 ~ 9 Jkili ; €48 /& N185P  V195A/V1971, G200N , 2171, T316C , C3571, C396E . K398R/

A399P il YA46R/F447Y ¥4k T

A; Electrophoretogram of SDS-PAGE; B: Quantitative comparison of expressed TPH2 ( different letter indicate significant differ-

ence, P<0.05); M:Represents the molecular weight marker of protein; N:Represents the uninduced E.coli BL21( DE3) /pET-28a-
TPH2;1-9. Represent the mutant transformants of N185P, V195A/V1971, G200N, T2171, T316C, C357, C396E, K398R/A399P

and Y446R/F447Y, respectively

24 RTEHWERNS-HTP @Al T] XEEae

E. coli TRP-BH, FT 4 % (1) £ 40 Jifs T.) % 5-HTP

R4 HPLC I %€ i B S 2 & RAEKR S A P S-HTP/Trp (HUNRE 5 Fr s, AL 5-HTP
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P A A S A B U AR R B T A
T, A5 HEE VI9SA/VI971 My @ A4 T.) R
U 5-HTP K=t (16.17 g/L) |, AHNTEF A il
PR T 54% 10 H R PSR 5-HTP/ Trp E
B MR, B B AR Y 1.08 #8752 3.21, R &
PR Hh (8 R AR B KR FEAIR (9.72 /L vs. 5.04
g/L)  XARE A R T 5 22 AR B b B OKG h
P 5-HTP, AEAFE R, 54 N 28 A8 1A 7E E.
coli BL21( DE3) Fih J5 K i 25 40 M i 47 0 A= 4
AR L M R AR FE R R A E. coli TRP-BH, 14
AL T A A 5-HTP 1RE S B3 B4 h
R i i LT

ESs MENRERMEMI N S-HTP £~ 8
R&RERS S-HTP B SRS 2Lt
Fig.5 The fermentation yield of 5-HTP and the content ratio of
5-HTP to tryptophan in fermentation broth of

different constructed cell factories

3 i ®

%< 75 Jifi N185P ., T2171, V195A/V1971 Fi
T316C 5 (MRS G AL s 2424 Tyr201 , Arg204 F
GIn205 3 S FEHR , {2 N185P | T2171 5 {4 5 ik [
B R 4 28, VI95A/ V1971 Hl T316C 5 (5,44
FRIGIIAIE B 3 &5, J5 & 1Y 5-HTP 7= i 7E T
AR AR AR A, U3 0 R IGOIE ) £ R
TPH2 W45 & Re 1 2 3 A2, 45 = B - 9 1) 45
HHE, A BT S - & BR-BH, -Fe™ IUILE &9
FIZEPE, DN B2 B TPH2 14 AL 8008 25l b,
TPH2 S5%iil BH, 456G 0y 2 S E0Y I A (45 1y
TR G PRI KR, TR T TPH2 HfHE kAL
R TR ARG T TPH2 U8 H N, 78 AR
W L3N P Rk P 32 AR K 48 5T h 38 | T

A7 e S P e 3 3 AR DR A AR 5 Y
S 2R S BH, 455 1RE T HXRERY
HAMEEHNIERSR , (15 TPH2 TN &, 71K
PR IR B 2 5 R A B T LR G R A R
[ Hf | 2875 fiff C3571, C396E  K398R/A399P 5 {7,
BIRGS S ALY BAT Ala355, BAUE B 1 A&k
Bz AR VYT AR, DR R A SR A
XTEAR, FEFTA RAR R 548 i C396E W] %
PR IR 5 A 58 48 il S BF A= WA 1L S 3 A
fHIL 5-HTP 7= m 8 BF AL B A ] S48, 7t 5
HANERE 18 e i A il v e %, R MR A G

TRPSPHAED R K 3% 75 B HTP10 % i,
R T 7 TR B B /0 38 XU AR 48, T
FEBEIR , PRk BH, 5 i Bk ) 56 12, 78 AR
THFE IR S5 B AR % I/ (0 2 R R AR, (H 15
EMP #4232 240, ] HMP &4 as 27 T
5-HTP/ &, Jfli /b 7l 7= 2 R AR R | ok
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