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Improved cephalotaxine production of Cephalotaxu
mannii suspension cells by L-alanine

JIANG Xuan-Xian, LI Yong-Cheng”

( College of Food Science of Technology, Hainan University, Haikou 570228, China )

Abstract: Cephalotaxus mannii is an indigenous plant to Hainan, China, which is the main material of cephalotaxuin
eloids. The cephalotaxus alkaloids are anti-cancer drugs which have been used widely in clinic. But C. mannii is
rare. The plant suspension cell culture can increase the yield of secondary metabolites steadily. And some adopted strate-
gies have been developed to increase the yield in plant cell culture, such as add metabolic inhibitor. L-alanine is an ef-
fective inhibitor of pyruvate kinase (PK), which is an important limited enzyme in the glycolytic pathway (EMP). To
investigate the effects of L-alanine on suspension cell growth and the cephalotaxine production of C. mannii, different do-
ses of L-alanine (10, 30, 50 and 100 mg + L") were added into the C. mannii cells at different stages (10, 15, 20 and
25 d) of culture time. Then the cell growth, the cell activity and the cephalotaxine production were determined. The re-
sults showed that the cell growth and cell activity of C. mannii were inhibited after adding L-alanine, the cultures treated

with 30 mg + L") L-alanine at day 15 showed the highest cephalotaxine yield (4.853 6 mg - L"), which was 1.7 times
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that of the control cultures (2.853 8 mg + L") Then, the residue sucrose contents of the culture, the activity of pyruvate

kinase (PK) which is the key enzyme of EMP pathway, the activity of glucose 6-phosphate dehydrogenase ( GGPDH)

which is the key enzyme of hexose monophosphate pathway (HMP pathway) were all been determined to investigate the

effects of L-alanine on cell glucose metabolism of C. mannii. The results showed that after adding L-alanine, the sucrose

consumption rate of treated cells had no significant difference compared with the control cells, the PK activity of treated

cells was decreased by 29.10% compared with the control cells (25.37 U + g") , the G6PDH activity of treated cells was

1.33 times of that in the control cells (53.49 U - g"). The results suggest that the carbon metabolic flux flow to HMP

pathway from EMP pathway in some degree, so it can be presumed that the precursor PEP accumulated and the other

precursor E4P also increased, which all benefit to the synthesis of cephalotaxine production.

Key words: Cephalotaxus mannii, suspension culture, inhibitor, L-alanine, cephalotaxine

15 P HLME ( Cephalotaxus mannii) J& T #EF Y
I, M =RERCHAERL) =228 CHLAE R ) M 57
WRELRTEA, J& = REBHE Y 43 A B/ 19— Ff,
FE AR, BTV o S PR A
A (FESL1E 1978 5 R, 1964) o 1 R ALAE 2 /1
PEUR 25 = A G ( Harringtonine ) I =A%
fig B ( Homoharringtonine ) f% == 2 4 6} ( X1 3£ Fl 4%
TN, 2006) ; F T4 S5 PR VE T, SRR R« Bt
A" (EA4,1990) . R HEAY) K%
18, I FLIT ARt B SR AR, 3k b B 8 R d S
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ik 5 155 = 4242 e 00l 7 16 ma HLARE v i) 2 B 2900
0.38% (4 2 ) (Bl = N 4, 1977) , 7 2291 000
kg (R R AHAE AT R A RERE I 1 g 43P 2l =
ISAZHERR (K45 2010) , FURHESRE K, AN fE
T H 3SR I R 22

FEY) A0 M0 5 9 A A2 BRI | 5%
TF ZE AR R R BRI, RE A PR P H o) i Lk
A7, IF HAEHUT 07 B ( Gibson et al ,1993) , H
AR R T A0 R 1 255k U A AR A S
FEA . EFREENAER EFEEIENEE SRR
R ARG TR SRR T S R
#7145 ( Strohl , 2001 ; Wilson & Roberts,2012) , Hrf
PRI 500 R 0 ) S AR R U b AR H 1Y
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1.1 &t

5 B FLME ( Cephalotaxus mannii ) AME AR R H
FAEMN T AR | 5 4 SO Lo i S
PG (FHH,2013)
1.2 AL

SEmfisE Ry MS B3R AL PN 4 mg - L
25401 .0.15 mg - L'H3%E 0.5 ¢ - LR IHIMLE
BEmi 1 g - LK RS A LA S 35 g« L M | [
R g Eh HANAIN 3 mg - LMW BEIR., 1
mol - L' NaOH 7877 pH % 5.8~6.0( £ hl##,2013) ,

T R R AT A5 2H 2R 26 C SRS 3% B 1 N H
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BE R 8 o AL LUVE N Rl U, SRS A Bl
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1.3 REHMFIFI A & 5K 8%
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515 KU L-INERR W, . L-N 2 R AE 35 97 2
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Schematic illustration of biosynthetic pathway of cephalotaxine
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/R (0D - g") (DuBois et al,1956)
1.5 3E5r R IR B E

FHAR TS — B R 1 0 S B P 855 9 1 5 R rp R
i, BB OARAE | mL B FR3E EIRWRRAR N 1 mLL 5%
(W/V) RO 5 mL WRBRAR , 1R 50 )5 76 % i
TR 30 min, AR AR E R AEChR T I £ 7E 480
nm I E KOG (Dacie et al,1992)
1.6 WMERER A EsiE il E

(1) B SR $EICGE M 2H K 50 mmol - L
Tris-HC1,pH7.5;1 mmol - L"EDTA, 15 mmol - L 5j
FEZEE,5 mmol + L MgCl,,10% H i, 1% (w/v) R
VEPE PVP, S8l 200 mg 7247 IR ZH A, B 1 mlL 42
WG v 5 /0 A b, vk B RS 53K, SRR TE
15000 r « min" 5.0 20 min, B FIEWR AR, (2) B
T AE N WZH A 25 mmol - L' Bis-tris-propane
%, 25 mmol + L' Mes-HCl,pH 6.5, 2 mmol - L' PEP,
1 mmol + L ADP,20 mmol - L' KCI, 10 mmol - L’
MgCl,,0.15 mmol - L"NADH, 1 mmol - L' DTT,5%
PEG(8000),2 U - mL" S LFLIR I S0 , I 2 1.5
mL, FF$E B 0.5 mL, fin g5 52 BRI %E OD,,,,
1 min/5 & 0D, 0 LI 1 min NIHEEE 1 wmol NAD®
JIre A Tl S — DB (U)o 0 S R P
SRR RAL (U - g7 ) KR (Dacie, 1984)
1.7 G6PDH & /1 E

(1) BEAHE I . FEIGE W ZH RN 50 mmol - L7
pH7.5, 15 mmol - L’lﬁ‘ﬁﬁj mmol - L MgCl, , 1%
(w/v)PVP, S 200 mg A2 45 WA, in 1 mL 2
W w5 b i A e b, UK B REES ST SRR HE
15 000 1 - min” B0 20 min, BEERAFN, (2) B
T E 5 W4 %K 50 mmol - L Tris-HC1, pH7.5,5
mmol - L' MgCl,,3 mmol - L 6-FH#jZ25E — 4k,
100 wmmol + L' NADP-Na,, 1.9 mL Il & ¥, i1 0.1
mL BRI, 30 C KM S min, Y32 KW AT 0Dy,
ARk, 2 EAXTHRRL 0.1 mL Tris-HCLACE: . LU hj
HIJE % 5 min BOGEEAR{E 0.01 B A B it S —
ANFRAL (U)o 20 6 6 3% 1 P g 5 3 200 JH 1) T AL
(U - g")RFIR(Yu et al,2004) ,
1.8 ZRZERLRHIRINE N E

(1) ML= 3R B IS R IR 41K, 60 C R T
A SERFEDF R TR RIS, 20 mL HY IR 90 24 h,
TERZFMF T4 2T, 5 1 1 mL EEA S JF
F10.22 pm BERGS BEFFIN , (2) M AN Py B2 3 hn
FOKIATE IR pH = 8.0 7247, =AW ke e S A%

B3 WG IERZ R T 2T, 55 1 1 mL H g
2V, 0.22 wm SRR PEAFIN, (3) W . R
R (i (HPLC) |, (A% 4544 XDBC18 (150
nm X 4.6 nm, 5 pm) EiEFE, JEFEE 10 WL, i 0.8
mL - min”, JRENAHH 0.02 mol - L' Z W4k - HfisE=
55 45, i 25 C KR 280 nm(Li,2014) ,
1.9 Zit o

A E A 3 U, L5 K s P B E A5
RN, 225 0 E 597 Duncan 172 &
FLAR, P<0.05 Pk 25 57 8.3
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2.1 L-AREX S AR ZEEAE KA

W T e 2 A A AT 1 R 2R 4, AR K
PRI BE R, LT 2 I e T2 ik 2k 12 1) 41 ) 5510
e I L-INER SR A K, E 2 a
7R, A AR i Bl PR 2R VS 0 R S A 3 2 R
Reg R B4, Bt O o 700 e B ) Bl IR R R L RIS
Jnest R (B 2:b)  FEAS R AR BHH G I L-P &
P %ok 48 A A ATV 4 A [R), % 48 L A= 0 ) 5 i)
Bl L-PA 22 2 S TS [R] %) 428 J5 Tk 5 , 565 5 RS i 30
mg - L' L-INRRRES, AW it U X AR (22,14 ¢ - L)
BEAR 41.12% , %5 TS0, L-TN & IR X I 40 i A
RO A 4 P 2 B A v BE 3 R R, AERR 3RS
wEshn, hFaEA K e TRcE , H T g K
S AN 5
2.2 L-ARER X8 s B2 F 40 A iE 32

WE 3. J7R , BINASFIRE L-IN &R , 1R
FELE 200 160 3% 3 350 32 204 ], B -3 2R s Jn v
SE AW P e, 7EAS AN 100 mg - L L-N
AR WA TE SR R . 7R Al A
[F A BTSN L-IN &R i &l 3.b Frs , 7555 5 K
PRI, X5k A M3 7 04 i 4 S o B BB S
b e A 7 3 R R 2 R A 240 B ) A AR
WA EER,
2.3 L-AREY = R 2B & R A0

3 00 7 Vg e RELE r 5 S 1 1) — AR AZ TR B A
1 S ARAZTRNE, FRSE G 4 AT WS AN TR 5 2 A
L-N AR R fR i = RAZBR A0 5 1, IF H =2k
T2 B Zhdl e it 5 % FEAH e 22 57 8 3% (P<0.05) , H
HIER N 30 mg + L' L-TN 28R v] A U 3E = 242 1
BRI, RIS TR] D7 T (42 2) , 15 d B HnAsCR i
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Fig. 2

Effects of L-alanine amount (a) and its addition time (b) on cell growth of cephalotaxus

mannii cells  Different lowercase letters indicate significant difference (P<0.05).
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Fig. 3 Effects of L-alanine cultivation (a) and L-alanine addition time (b) on the cell viability of cephalotaxus mannii

. %2 FURRW ZESE 15 RIS 30 mg - L' L-N
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B R (2.853 8 mg - L) i 1.7 4%,

2.4 L-FW SEXT s A S 2 4 R pE A 5 A B2 0
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7N FETAIAEI RS (58 0 KENES 6 K, M 240 i b
FEZ Mo W, AR L-INE R G5 6 KX,
WP R AY BOBE & il 12.62 mg - mL!, HOFHy
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Table 1

Effects of L-alanine amount on product synthesis

of Cephalotaxus mannii cells

724 Production (mg - L)

il — S s
Treatment RIS =5 =R HR e
Harring- Homoharring- Total
tonine tonine producton
Espanis (22599 + (05939 =+ (2.8538 =
CK 0.0412)d  0.067 7)e  0.1089)e
10 mg - L' L-IN& 1R (28296 + (13551 (4.1847 =
10 mg « L' L-alanine 0.029 7)b  0.064 5)b  0.094 2)b
30 mg - L' L-INER (33977 (14559= (4.8536 =
30 mg - L L-alanine 0.0812)a  0.0843)a  0.1655)a
50 mg - L' L-N&JR (26209 + (1.2101+ (3.8310=
50 mg + L L-alanine 0.0950)c  0.0313)c  0.126 3)c
100 mg - L' LR (2.6283 =  (1.0321 % (3.6604
100 mg « " L-alanine ~ 0.0805)c  0.0725)d  0.1530)d

% 2 L-AEBRAERME B3 =9 & 58520
Table 2  Effects of L-alanine addition time on product

synthesis of Cephalotaxus mannii cells

724 Production(mg + L")

piri]

Treatment SOMCEREL A HR 5SS
Harring- Homoharring- Total
tonine tonine producton
¥t BE CK (2.2599 + (0.5939 + (2.853 8 +
0.041 2)e 0.067 7)e 0.108 9)e
5d (24335 (0.860 0 + (3.2935 +
0.0802)d 0.076 9)d 0.157 1)d
10d (3.198 0 = (1.291 1 = (44891 +
0.058 3)c 0.067 2)b 0.125 5) be
15d (33977 = (14559 = (4.8536 +
0.081 2)b 0.084 3)a 0.1655)a
20d (3.497 9 = (1.0229 = (4.520 8 +
0.058 1)a 0.067 3)c 0.125 4)b

2.4.3 L-RRABR A 6-F5BR %) £ 45 WL 2.8 (G6PDH) &
Sy % om 6-B BR 4 W B A B ( glucose 6-
phosphate dehydrogenase, G6PDH ) J& Mt 55 — 5%
IR AR I AR (HMP) [ 2GRl , i 1R &
PRI EE - A-BE R (EAP) & = RAZEE 0 G Y
F—EERIARY), WE 6 B EAIN L-A &2 48
h J5,G6DPH i 1 B i & % B4 (P<0.05) , J& XF
W82 GOPDH B 71(53.49 U - g ) I 1.33 175, ik
BB S P il 5 —E R B i EMP &%
BT HMP 42, JF H =R AR IS0 A 1L i il 14
Y PEP AR E4P & 1N,

20 - —m— 3fHR oK
—e— L-§&EE L-alanine

5 Residual sugar (mg - mL™")

0 T T T T T T T T 1
14 16 18 20 22 24 26 28 30 32

B FATE] Cultivation time (d)

K4 LN 20 B 5 SR AR R )
Fig. 4 Effects of L-alanine and its derivatives on the depletion

curve of sugar of Cephalotaxus mannii cultures

w
o
PR |

N
[$)]
PR

N
o
PR |

(9]
PR |

i

o

— =17
ES

pof:iz}
CK —alani

L
3B

K5 L-AE R R RIS 40 PK S J1 8952 R
Fig. 5 Effects of L-alanine on PK activity of

cephalotaxus mannii cells

W

u

3 WikE &k

PEAESR W B = JRAZ BRI IS 8%
Z RT3 RIS ST CRFTR F g KR
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1 AE—E R 2 R 4 AR R p R4 410 40
HIAEAH . W0t A R 2 B Oy =R 2
BRZ BRI, FEC MBS AR I, BT LSRR A S A
FlAR R B S, BAN,H 15 KA AEI T 40
AR TR E B (AR 7K B, 2014 ) , IE I 41
ARG TRGE , AR )58, v 7E— 2 B B K
AN T, %o 20 A A A A A T A A R
AN RTF =SR2 ERIR I A L

ARHFGE H = RAZER A LR AT, b b
IR (EMP) 77 A 1l 1 445 15t =X 4 I 752 ( PEP ) Al
WM O iR 72 (HMP ) 7= A5 1 4-B% R 2R 66 0% (E4P)
T BRI R, 7E EMP iR 42, PK fi
fb PEP AL AN ERER . n A PK A5 L-N & i
J& , PK 3G 15560 B LA T T R, X R AR AR 2
FME], BTk Y) PEP FLE, GODPH & Wi R 1% 4 i
PR H R, WS L-N &R 5 , GODPH ¥ 1 & 1%t
W HMP @& A2 60 B8 0, E4P & & THeE . I H 7
NI TS | 65 P RELAE 2 7 200 R AR A 55 %) HEAH L
A A FEIE S R R A e LA g R A R
A A 5 3, 2 ) A B A R R A P AR M A
SIS, FTLAUL, I T PN R R

WS B T AR R, (=R A2 T S BT A
PEP FL2  E4P &8N, &4 A IE K DAHP, 18
WA —E R L e TR RRE, AR T =
IR B

g5 L RTIR  7E s M S T A AR S 3R 56 15 Rl
TACIEHHIF] 30 mg + L L-P9 R 0T 15 R A A = =
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