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Effects of directional adaptation on selenium tolerance and
accumulation of heterotrophic Chlorella pyrenoidosa

HAN Lijie, WANG Weiliang, WAN Minxi, SHEN Guomin, YU Tao, LI Yuanguang
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Abstract: Selenium (Se) is an essential trace element for organisms. Se deficiency will cause diseases
such as Keshan disease and Kashin-Beck in human being, and huge loss to animal husbandry. Currently
available Se supplements have such problems as low Se content, poor bioavailability, and poor safety.
Chlorella pyrenoidosa can produce bioavailable and safe organic Se under suitable conditions, which is
thus a promising Se supplement. Therefore, in this study, we tried to improve the Se tolerance and
accumulation of C. pyrenoidosa by directional adaptation. To be specific, we gradually increased the
concentration of Na,SeO; in medium to domesticate C. pyrenoidosa and optimized the adapting time and
concentration gradient of Na,SeO; during the adaptation. The results showed that the adapted C.
pyrenoidosa was more tolerant to Se and had stronger Se enrichment ability. In 5 L fermenter, the
adapted strains could tolerate 40 mg/L Na,SeO; and the synthesis rate of organic Se was 175.6% higher.
Then, Se addition method in the 5 L fermenter was optimized. The result demonstrated that addition of
Na,SeO; at 40 mg/L during heterotrophic culture achieved the final dry weight of C. pyrenoidosa cells at
106.4 g/L, content of organic Se at 1 227 mg/kg, and synthesis rate of organic Se at 1.36 mg/(L-h).
Compared with the reported highest cell density of 75 g/L and the highest organic Se content of 560 mg/kg,
the corresponding figures in this study were 41.9% and 119.1% higher, respectively. In conclusion,

directional adaptation can remarkably improve the Se tolerance and enrichment of C. pyrenoidosa.

Keywords: Chiorella pyrenoidosa; heterotrophic culture; organic selenium; adaptation

fli (Se) YL DHIEITE .
Ak = 22 T BN AL SE L - KB TR S B ;
SR L 22 I S S AR, S ECR F IR
FIHSWGR , AE ol R BRI . kb
[P i JAR iU

FUAT, 38 % UJCHURN sl A ARG T M
SIHUNARLE , AP CAE A &, i
HAERIMER/AN Bk, A TR 16
APLAN, A RE E 4 A AR, e
AHAE BN M. B HSZ 08 A
BILAR PR 7 i 2 2 & A S AR b L R

: 010-64807509

FUE T/ NERTE 3 26

HHG, & A S A7 e o ARG L
Az 7 T K G TR AT R TG A R RE
sg, AR T S AL G P AL, 2002 4EER
R TG TR A TR 1R £ 78 7 4 3 o
B o [RIASE, M/ NER g hor i A P 1 SR R 49%,
T e HRTR £ R R S AR 21%1 R
FIR/NERBERE R AR A & . e etir
(445 LB 7= b AR AR SR 9% 32 3132 S,

M 1 A, S5bhasmAERMt, 53Rk
IR ] ARAT 5 B AR A% /N EREE, E T AT LA

B<: cjb@im.ac.cn



4758 ISSN 1000-3061 CN 11-1998/Q =4 T #2244  Chin J Biotech

=1 EMEBZDIKEANRIEFIERNFERILE
Table 1

Results of different culture modes of Chlorella pyrenoidosa rich in selenium

Culture models  Dry cell weight Selenium addition

Total selenium

Organic selenium content References

(g/L) (mg/L) content (mg/kg) (mg/kg)
Photoautotrophic 18.0 45.0 530.0 318.0 [16]
0.1 2.0 362.0 301.4 [18]
3.0 84.0 [19]
Heterotrophic 70.0 378.0 240.0 151.2 [20]
25.0 111.0 2 000.0 560.0 [16]
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Figure 1
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Adaptation of heterotrophic Chlorella pyrenoidosa for different time.
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Figure 2 Adaptation of Chlorella pyrenoidosa with sodium selenite of different concentration gradients.
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Table 2 Effect of inoculum density on selenium enrichment of algae cells

Inoculation density Na,SeO;3 concentration Dry cell weight

Organic selenium content Synthesis rate of organic

(g/L) (mg/L) (g/L) (mg/kg) selenium (mg/(L-d))
1.0 20.0 6.6 446.4 1.0
1.5 20.0 6.8 472.2 1.0
40.0 33 1383.4 1.5
60.0 1.1 3301.2 1.1
2.0 20.0 6.9 485.4 1.0
40.0 5.2 15593 2.7
60.0 2.6 3933.0 3.4
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Table 3  Effect of adapting time on selenium enrichment of heterotrophic Chlorella pyrenoidosa

Adapting time ~ Na,SeO; concentration Dry cell weight

Organic selenium content Synthesis rate of organic

(d) (mg/L) (g/L) (mg/kg) selenium (mg/(L-d))
3 27.5 3.1 460.2 0.5
30.0 0.7 398.2 0.1
6 27.5 5.7 518.5 1.0
30.0 4.4 786.9 1.2
35.0 3.6 1637.2 2.0
9 27.5 5.6 436.0 0.8
30.0 3.1 560.8 0.6
35.0 2.4 1191.6 1.0

*4 TEYMLHEIKHFFESRNIKENEMRIER

Table 4 Selenium enrichment of heterotrophic Chlorella pyrenoidosa acclimated at different adapting

gradients
Adapted species  Na,SeO; concentration Dry cell weight Organic selenium content  Synthesis rate of organic
(mg/L) (g/L) (mg/kg) selenium (mg/(L-d))
EG! 50 07 2982 07
40.0 5.2 31534 6.4
EG2 45.0 5.1 3621.8 6.2
50.0 2.6 5291.6 4.6
40.0 6.4 3798.0 8.1
EG3 45.0 6.7 4375.6 9.8
50.0 5.2 7507.2 13.0
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Figure 3  Growth curves of adapted Chlorella
pyrenoidosa and non-adapted C. pyrenoidosa in 5 L
fermenter.
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Figure 4 Variation of total selenium and organic
selenium of adapted Chlorella pyrenoidosa and non-
adapted C. pyrenoidosa during culture in 5 L
fermentor.
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Figure 6 Variation of Na,SeO; concentration in
medium with different concentration of Na,SeOs in
fed batch.
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