3 3 Vol.3No.3
2003 6 The Chinese Journal of Process Engineering June 2003
7942
1 1 1 1 2
(L. 200237
2, 361005)
al 7942
. Hyperbolic Lambert—Beer
7942
0~1.5d 15d
5d
p " 50%
8d 7942 al 453 mg/L.
al 7942
Q949.21 A 1009-606X (2003)03-0231-07
1
20
« )
CO, ,
[2-5]
al(Tal) .

Tal ® Tl 7942(Synechococcus sp.

PCC7942) 1 Tal 7942

Tal 7942
15L Tal 7942
2003-02-10 2003-04-14
863 ( 819-Q01)

(1971-)

E-mail: ygli @ecust.edu.cn.



232 3
Tal
7942
2
2.1
Tal 7942 Tal (el
2.2
BG-11 Blg/L) NaNO; 1.5, MgSO,7H,0 0.075, CaCl,»2H,0 0.036,
K ,HPO,-3H,0 0.070, Na,CO5 7.36, 0.006, 0.006 EDTA 0.002 1ml/L A-5

. A-5 (g/L) H3BO; 2.86, MnCl»4H,0 1.81, ZnSO, 7H,0 0.222,
Na,M00,-2H,0 0.39, CuSO,-5H,0 0.079, Co(NO;),-6H,0 0.0492. ml 25
Hg
2.3
250 ml 150 ml 30°C
4 klx 140 r/min 3d.
15 L 007m  039m
005m  0.16 m. 1L 10% 30°C 0.5 L/min
3 (Philips, 22 W) 9klx.
2.4
12L ( 2.cm)
3kix 3h 30°C 0.5 L/min.
Tal
2.5
730 nm (OD7z0)

X=0.420D;5,(R?=0.993). [4] ST-85 (

) 1 kIx=15.76 pE/(m%s)
=13.05 k¥(m*h)?  Tal ELISA [,
2.6

Matlab 6.1
Cotes Origin 5.0.
3
3.1
40 kiIx
( 2.
A(X)

AX) =In(lo/1)/L . (1)



3 7942 233

Lambert—Beer ( 2

A(X) =K X . 2
50
Cell conc. (g/L) 200 © Measured
o 0061 o 0.118 a Lambert-Beer model
405 A 0207 v 0385 [ b Hyperbolic model
£} o 0571 + 0.755 150 |-
= X 0.946 En
% € 100
g z —
= <
£ 50 +
> 1
-
% 0 [
0‘1‘2‘3“!1 OEO‘O‘.Z‘O‘.4‘O‘.6‘O‘.8‘1.C
Optical length (10” m) Cell concentration (g/L)
1 2
Fig.1 Light attenuation at different cell concentrations Fig.2 Comparison between the measured and
calculated light attenuation coefficients
K.=223 m?kg
(R?=0.978). 2 Lambert—Beer
e 2  Ki  Awmdb+X)
A(X) = Angx X /(0 + X)) , (©)
Ama=670 m™*  b=2.25 kg/m® (R=0.999). Tal
7942 ( 2.
43%( 1).
3.2
9 kix Tal 7942 3.
pH 9.33~10.51. 15d 15~5d [
0.29¢g/(L-d)] 5d 10d 2.08 g/L.
8d NaHCO;
’ 24 _o-0-0-0-0-0-0-0-0—o—0—0 7010
; D/DD,D.D—D o -410 |
15d 20 i 1 qoo08 ~
15d 216 A
2 ~0.06 &
(4) ‘E 12 6 . %
( 3 % o8l 4 i0.04 g
0, (6) L S
1.48%. ol 1, Joo2 &
X=-0.017t*+0.399t-0.168. 4 00 | 0 Jooo
Time (d)
dX
== 5 3 pH
M= ©)

Fig.3 Thealga cell growth and pH in the batch culture



234 3

4 B . 1.5d
( 3.
8d 7942 Tal
2.37 mg/(g-d) 191¢g/L 453 mg/L.
3.3
5l
[13]
Molina [
V4
2lo 2
gy =—— 1—.[ cosg exp(—2RK , X cosg)dé | . (6)
RK 4 0
® 3 7942
. 15d
1.5d ( 4.
©) (Ea)
(Evol)[l4]
Eab = lavAmax /(K + X) (7) Evol = lavAmax X /(K + X) . (8)
4 7942 .
7942 0~15d
15d
7 125 6
[ =425 I O Experimental
6 * E#}[]-D—D'D-D'D—D'D—D'D—D—D—D—D | 120 .l Simulated
5 —bA—E, 120 = = = r
L —oE, < | = = i
g4 o mele s Y
#3r 4 ;10%—10&6 % 3F
2L w ow i L
0 5 05 2
0L o -oo0 1 : : : :
0 0.00 0.01 0.02 0.03 0.04
Time (d) G)
4 5

Fig.4 Variations of average irradiance, E4, by the biomass Fig.5 Relationship between the average specific light
unit and E, with time during batch culture utilization rate and the cell specific growth rate



3 7942 235

[15]

( 9
Eab = #/Ys +m, ©
Ys=8.01x10" g/kJ m=0.68
kJ(g-h).
3.4
7942
. Everd'®
[ (10)] 6(a).
” [17]. 1 d
“ 10 d
26%[  6(b)]. “
_bm 3 2 o 2qn2 4105
I(S,X)—;IO exp{ Kax[(R S)cosg +[R2 - (R- S)2sin 4] ]}d¢. (10)
100 F oogPy i 7
i ZX b 16 5
5 [ O\O\ 1 mg
g 60 - Ex:\ikg\n O\O\o i4 3
g | p N i
= 40 © %'Dﬂ-n~n}\3 -2 >'R
i % |
20 L L L L L L L L L L l

0 2 4 6 8 10
Time (d)

(a) Light distribution in the photobioreactor (b) Light fraction of photobioreactor and biomass yield on light energy

6
Fig.6 Light distribution in the photobioreactor and variation of light fraction of photobioreactor
and biomass yield on light energy during the course of batch culture

3.5
0~15d
15d



236 3

5d
( 3). " ”
(18] 7942 15 g "
12% (Yxag) [ 6(b)]. ‘ " S5d* "
60%
[18]
B3, 7942
(
)
4
(1) Tal 7942 .
(2) “ ”
(3) 8.01x10°3g/kd  0.68 kJ/(g-h).
(4) 0~15d
15d
5d 60%

(5) 8d 7942  Tal 453 mg/L.

Avax (m™ lo (1) t (d)

A(X) (m? K (L) X (9L)

b (kg/m®) Ka (m?/kg) Yiae (g/kJ)

Ew [k¥(grh)] L (m) Yo (gk)

Eva [kI(L-h)] R (m) ¢ )

lav (1) S (cm) u (™

[1] Bannister T T. Estimation of Absorption Coefficient of Scattering Suspensions Using Opal Glass [J]. Limnol. Oceanogr., 1988,
33: 607-615.

[2] , , 7120 [J. , 2000, 21(4): 384-388.

[3] Oghbonna J C, Tanaka H. L|ght Requirement and Photosynthetic Cell Cultivation-development of Processes for Efficient Light
Utilization in Photobioreactors [J]. J. Appl. Phycol., 2000, 12: 207-218.

[4] , , [J. , 2002, 26(3): 112-115.

[5] OgbonnaJC, YadaH, Tanaka H. Light Supply Coefficient — A New Engineering Parameter for Photobioreactor Design [J]. J.
Ferment. Bioeng., 1995, 80: 369-376.

[6] , , .. pUTK Synechococcus sp. PCC7942 al [J.

, 2001, 25(6): 1-3, 34.



3 7942 237

[7] , , . al [J. , 2002, 2: 4-7.

[8] Sanier R Y, Kunisawa R, Mandel M, et al. Purification and Properties of Unicellular Blue-green Algae [J]. Bacteriological
Reviews, 1971, 35(2): 171-205.

[9] . [M]. : , 1998. 189-190.

[10] , , .. al ELISA [J. , 2002, 26(12): 1-4.

[11] Radmer R, Behrens P, Arnett K. Analysis of the Productivity of a Continuous Algal Culture System [J]. Biotechnol. Bioeng.,
1987, 29: 488-492.

[12] Fernandez F G A, Camacho F G Perez JA S, et a. A Mode for Light Distribution and Average Solar Irradiance Inside
Outdoor Tubular Photobioreactors for the Microalgal Mass Culture [J]. Biotechnol. Bioeng., 1997, 55: 701-714.

[13] Camacho-Rubio F, Padia-Vico A, Martinez-Sancho M E. The Effect of the Mean Intensity of Light on the Cultivation of
Chlorella pyrenoidosa [J]. Intern. Chem. Eng., 1985, 25: 283-288.

[14] Molina Grima E, Garcia Camacho F, Sanchez Pérez J A, et al. Evaluation of Photosynthetic Efficiency in Microalgal Cultures
Using Averaged Irradiance [J]. Enz. Microbial. Technol., 1997, 21: 375-381.

[15] lehana M. Kinetic Analysis of the Growth of Chlorella vulgaris[J]. Biotechnol. Bioeng., 1990, 36: 198-206.

[16] Evers E G A. Module for Light-limited Continuous: Growth, Shading, and Maintenance [J]. Biotechnol. Bioeng., 1991, 38:
254-259.

[17] Merchuk JC, Ronen M, Giris S, et a. Light/Dark Cycles in the Growth of the Red Microalga Prophyridium sp. [J]. Biotechnal.
Bioeng., 1998, 59: 705-713.

[18] Janssen M, Janssen M, de Winter M, et al. Efficiency of Light Utilization Chlamydomonas reinhardtii under M edium-duration
Light: Dark Cycles[J]. J. Biotechnol., 2000, 78: 123-137.

Light Transfer and Its Effect on Cell Growth in the Culture of Transgenic
Synechococcus sp. PCC7942

ZHU Du!, LIYuan-guang', YEQin', WEI Xiao-dong*, ZHANG Jun?

(1. Inst. Marine Bioproc. Eng., Sate Key Lab. Bioreactor Eng., East China Univ. Sci. & Technol., Shanghai, 200237;
2. School of Life Science, Xiamen University, Xiamen, Fujian 361005, China)

Abstract: The variation of light distribution and average irradiance in a photobioreactor during batch culture of
transgenic Synechococcus sp. PCC7942 carrying thymosin al gene was modeled, and their effects on alga cell
growth were analyzed. Light attenuation in the suspension culture of the transgenic Synechococcus sp. PCC7942
could be predicted more accurately with a hyperbolic model than with the Lambert—-Beer model. With algal cell
concentration increasing, the average irradiance in the photobioreactor and the specific light energy absorbance rate
decreased continuously, and illumination zone decreased gradually after 1.5 d cultivation, resulting in the reduction
of the cell specific growth rate; since light energy absorbed in the volume unit was constant after 1.5 d, the algal cell
was in the linear growth phase; with dark zone exceeded 60% of the volume of the photobioreactor after 5 d
cultivation, energy used for cell maintenance increased and the cell growth rate decreased. The thymosin al
expression level of recombinant microalgal cell was 4.53 mg/L for 8 d cultivation.

Key words: light attenuation; light distribution; average irradiance; batch culture; photobioreactor; human thymosin a1

transgenic Synechococcus sp. PCC7942



	符号表：
	Amax
	最大光衰减系数 \(m\(1\)
	I0
	入射光强 \(lx\)
	t
	时间 \(d\)
	A(X)
	光衰减系数 \(m\(1\)
	K
	常数 \(g/L\)
	X
	生物量 \(g/L\)
	b
	双曲线模型参数 \(kg/m3\)
	Ka
	消光系数 \(m2/kg\)
	YX/AE
	吸收光能得率 \(g/kJ\)
	Eab
	光能比吸收速率 [kJ/\(g\(h\)]
	L
	光程 \(m\)
	YG
	光能得率系数 \(g/kJ\)
	Evol
	体积光能吸收速率 [kJ/\(L\(h\)]
	R
	反应器半径 \(m\)
	(
	光入射角\(o\)
	Iav
	平均光强 \(lx\)
	S
	反应器内与表面距离 \(cm\)
	(
	比生长速率 \(h\(1\)

