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Effect of Strain Storing and Reculturing Conditions on The
Cephalosporium sp.Mycelium’s Fatty Acid Composition

DAT Chuan-Chao YUAN Sheng SHI Yang
{The Biology Science College of Nanjing Normal University, Nanjing 210097, China)

Abstract:To get high content of docosahexaenoic acid {DHA. w -3}, the effects on the Cephalosporium sp. mycelium’s fatty

acid composition of strain storing and culturing conditions were studied. The strgins containing microarangism were stored al 20

T-4Cand—20°C for different times respectively. The fatty acids were analyzed by GC. The results showed that the fatty acid

composition was affected by the storing temperature.storing time no matter how the strain was activated on new agar before

fermentation. [f the strain was cultured on new agar before fermentation, the 10d period was the best storing time to get high
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DHA content. If not cultured. to the 20°C. the best time was 20d; to the 4°C. the best time was 25d and to —20°C. it was 5d. The
polyvunsaturated fatty acid (PUFA) changed the same tendency as the DHA' s but at 4°C not se. At 20°C. the index of
unsaturated fatty acid ({UFA) and the 18:3 ( 2 -)/18:2 changed with the same tendency as the DEA s, Storing the strain at -~
20°C. the PUFA.IUFA and DHA fluctuated at the lowest range. This study could give a theoretical reference for producing high
yield of DITA by microorganisms.

Key words: Cephalosporinm sp.. strains storing and culturing: docosahexacnoic acid (DHA): fatty acid composition; polyunsaturated
fatty acid {PUFA)
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# B ATRERSBRMN T IBAKBR (DHA), 3R EMERG R L BRI B £ MR TG, Wl
FREAEETE20°C, ACH —20CZFHRET , WA R fERRET [0 R B R TA L3 B 2 RERT R Sy OIS . B R RWARTRbEE
IR, HE R AR ESE LB Y. ERRTIELEM,. DHA S BME 04 5T A FialkE
Fho 20CHEEERD, DHAZE20d FTRLABIR AL 4°C, E25d ARIBTIRA: —20C, 7SI TRGKBIRA. BR4TH.
HEBMBRE T 2R AR L DHA S AT 3. 20°C, ISHRR TR 18 3/18: 205k 5 DHA
Flh—B. — 20CHBER, WABNAE/AER, KDHA, BRARAESRME R AR (LR 1 07
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The w -3 fatty acids such as docosahexaenoic acid {22:6.
DHA}Yhad very important physiclogical functions. It was reported
that DHA exhibited beneficial effects in the cardiovascular dis-
ease, hypertension and cancer. DHA was also reporied beneficial
10 development of the baby " s brain and the eyes =Y. For the
limited resourccs, a lot of studies were done on finding new sources.
Alotof microorganisms contained polvunsaturated fatty acid (PUFA)
and the culture was not restricted by the season. So it became one
source of PUFA. Some kinds of microorganism had been researched
for producing DHA *#. Although a lot of research had been done
on the DA produced by microorganism, it still would not be the
main source for the DHA content and its yield was low. A strain of
Cephalosporium sp. contained DHA and ¢ -linolenic acid was
screened ) It was found that in different batches ferment, the
DHA's yield showed preaty discrepancy, If the strain was stored
in refrigerator, its DHA vield was lower than that stored at 20°C
sometimes. So we inferred that the storing temperature and time
might be one of the factors that would affect output. In this paper.
we discussed the effect to fatty acid composition when the strain

LHEEHS: 1002-6630 (2004 ) 03-0075.07

was stored at different temperature, different time no matter how
culturing. Four kinds of index including the content of polyunsatu-
rated fatty acid (PUFA) , index of unsaturated fany acid (ITUFA),
18:3 (0 -)/18:2 and ZC18/ £ C16 could often be used in the fatty
acid researches to estimate the fatty acid changel™'2 In this
paper we used these indexes to study the storing temperature, stor-
ing time and reculturing’ s effects on the fatty acid composition, We
hope to find some measures to improve the DHA yield.

1 Material and Methods

1.1 Microorganisms

Cephalosporium sp. was screened and identified by the
mictobiological lab of the biclogy science college of Nanjing Nor-
mal University, Chinal®,
1.2 Storing and culturing condition, analysis method

The strains were transformed to new PDA slope culture 3d at
20°C then stored at 20°C .4°C and -20°C for different time. Every

time, two slopes strain were taken out in each temperature. One
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slope strain was transformed 10 new PIJA agar and cultured at 20
'C for 3d.the other onc not transformed: then the sterilized water
was added to the agar. The mycclium was scraped and the water
with the mycelium was put into the liquid potato dextrose medium
for 6d at 20°C. agitating at areciprocal speed of 150rpm. There was
100m liquid in the 500mt flask. Myeeliawere harvested by suction
filtration in a Buchner funnel washed twice by distilled water. Fatty
acid analysis: Lipid was extracted and fatty acid was methylated
according 10 [9.13, 4] procedure. The fatty acid composition val-
ues were given in mol%,. The gas chromatography was equipped
with a 30m X 0.25mm > 0.25 u m fused silica capillary column
coated with HP-innowax (crosslinked palyethylene glycal). Three
period temperature programmings were used (170°C2min. 10°C/
min to 190 C2min,5°C/min to 210°C 2min, 10°C/min to 220°C
8min).The injector and detector 1emperature was 240°C. Fatty acid
esters were identified by comparison of their retention times with
standard fatty acid esters. The standard fatty acid esters were bought
from SIGMA Co.(St. louis. MO). The standard fatty acid esters
included 14:0.16:0.16:1.18:0.18:1.18:2.18:3( @ -3}.20:4{ w-6).20:5(
@ -3).22:6( w -Band were eluted in that order, The index of

unsaturated fatty acid (or degree of lipid unsaturation) was calcu-

fatly acids. The unrecognizahle peaks in the gas chromatogram af

each sample were calculated as monoene in this caleulation.

2 Results

2.1 Storing the strain at 20°C

If the strain was cultured on new agar before the fermentation,
the results showed that the 10d was the best storing time 10 get high
content of DHA, The PUFA. TUFA. 18:3 and 18:3/18:2 changed
with the same tendency as the DHA" s. The 18:1 changed reversed
tendency with the DHA ' s. The changing of the other fatty acids did
not coincide with the changing tendency of DHA® s{table1).No
matterhow cultured the strain on the new agar before fermenta-
tion, the tendency of fatty acid variation was different with that of
the cultured. DHA content yielded highest at 20d. At 10d,it yielded
the minimum. The DHA. PUFA and IUFA fluctuated at lower
range than that of the cultured. The PUFA. 18:3 and 18:3/18:2
showed the same tendency as the DHA' s, When the value of
18:3/18:2 and Z C18/ £ C16 got higher at the same time, the
content of DHA could get high. If the two values were low at the
same time, the DHA content was Jow too (table 2).
2.2 Storing the strain at 4°C.

lated according to the method of Chai and coworkers™.ie: TUFA=(1 To the 4°C. the fatty acid composition changed with the

X Yemonoene + 2 X %diene + 3 Xirigne + .} sum of all know

Table 1 The etfect of storing time on fatty acid composition when the strain was stored at 20°C
and cultured on new agar before fermentation (mot% )

Storing time  (d)

Fatty acid

0 5 10 15 20 25
16:0 16.38 2104 18.36 14.06 14.46 12.80
16:1 6.13 7.51 9.17 8.34 3.56 6.51
18:0 6.11 1.57 326 1,85 6.54 1.31
18:1 19.91 11.96 3.36 3.55 18.34 3.80
18:2 17.53 20.70 16.84 23.21 22,09 14.17
18:3a- 571 2.93 21.56 1483 6.79 6.44
20:5 0 0 0 0.34 0.2 0
22:2 19.87 2031 7.18 11.43 9.47 21.02
22:4 2.57 2.81 9.76 7.80 2.83 3.54
He 5.76 1.17 10.51 14.40 1570 30.41
XCISECI6 2.19 1.30 164 1.94 2.98 1.33
18:3/18:2 0.33 0.14 1.28 0.64 0.31 0.45
X PUTA 45.70 46.75 55.34 57.81 41.40 45.18
TUFA 139.18 138.31 194.31 189.73 139.14 151.66

16:0 Palmitic acid: 16 1:Palmitolerc acid:  18:0: Stearic acid: 18:1: Oleic acid: 18: 2: Linoleic acid;18:3 a -0 -Linolenic acid; 20:5:
Eicosapentaenoic acid; 22:2:Docosadienoic acid ; 22:6: Docosahexaenoic acid £ C16=16; 0+16: 1; T CI8=18: 0+18: 1+18; 2+18; 3,
PUFA: Polvunsaturated fatty acid. IUFA=16:1-18: 1+18: 2*2+18: 3*3+22:6*G+others.
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storing time too (table 3. 4). The DHA . PUFA and IUFA fluctu- cultured before fermentation, 25d was the best time.

ated at far low range than that at 20°C.It showed that the strain 2.3 Storing the strain at -20°C.

stored at 4°C was more stable than that at 20°C. All the consis- To the -20°C, the fatty acid composition varied with the storing
tency to the DHA disappearcd. If cultured before fermentation. time too. To the cultured, 10d of storing was the best time to get

the best storing time to get high content of DHA was 10d. If not higher content of DHA. PUFA and IUFA changed with the same

Table 2 The effect of storing time on fatty acid composition when the strain was stored at 20°C and
not cultured on new agar hefore fermentation (mol% )

Storing  time  (d)

Fatty acid
0 5 10 15 20 25
16:0 16.36 13.02 23.92 18.48 14.08 17.00
16:1 6.13 526 9.57 4.30 12.57 7.59
18:0 6.11 8.01 1.95 6.82 8.39 5.64
18:1 19.88 19.03 17.03 22.18 16.05 8.49
18:2 17.53 17.1 14.09 24.40 25.33 30.43
18:3a- 5.70 48] 349 5.77 16.07 13.24
20:5 0 0.10 0.55 0.55 0.01 1.29
2222 19.87 9.86 19.62 13.02 0.84 2.81
22:6 1.71 4.21 1.24 1.55 6.10 4.57
e 6.73 17.98 8.54 242 0.54 8.58
ECIZZCl6 2.19 27 1.09 2.54 247 2.32
18:3/18:2 033 0.27 0.25 0.24 0.63 0.44
EFUFA 44.79 36.69 38.98 4530 48.37 52.33
IUFA 134.85 137.59 123.19 133.61 166.44 165.03

Table 3 The effect of storing time on fatty acid composition when the strain was stored at 4°C and
cultured on new agar before fermentation (mol% )

Storing  time  (d)

Fatty acid

0 5 10 15 20 25
16:0 16.38 8.68 12.18 14.89 14.02 16.85
16:1 6.13 7.47 538 370 368 1.85
18:0 6.11 220 377 7.62 6.69 7.89
18:1 19.91 18.08 2040 23.99 23.82 32.07
18:2 17.55 18.44 18.49 20.98 18.11 14.87
18:3a- 5.7 4.51 291 5.35 4.75 5.07
20:5 0 0.04 0 0.34 0.33 0.09
22:2 19.87 2144 3127 19.54 19.16 15.70
22:6 2,57 0.73 2.84 283 3.06 1.13
HE 5.76 18.41 2,77 0.76 6.39 4,43
ZCI&EC16 2.19 2.68 2.59 kAT 3.01 3.20
18:3/18:2 0.33 0.24 0.16 0.26 0.26 0.34
ZPUFA 45.70 45,16 55.51 49.03 45.40 36.87

[UFA 139,18 141.82 153.82 144.19 142.64 122.01
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trend as the DHA s (table 5). If the strain was not cultured before Temperature was the main factor affecting the faty acid
fermentation, the PUFA . TUF A and DHA fluctuated at lowest range composition. The low temperature was beneficial to form the
inthe six groups. All the consistency to DHA had disappearcd except PUFAI. Although a lot of studies about the effect of culture
PUFA{table 6). This suggested that the low temperature damaged temperature on fatty acid composition had been done, but the ef-

the strain s ability of regulating fatty acid composition.

fects of strains storing time on different temperature no matter how

cultured on new agar before ferment had been hardly studied. The

3 Discussion
Table 4 The effect of storing time on fatty acid composition when the sirain was stored at 4°C and
not cultured on new agar before fermentation (mol% )
Fatty acid Storing time (d)
0 5 10 15 20 25
16:0 16.36 18.36 16.66 7.40 15.13 8.06
16:1 6.13 1.46 342 5.99 2.89 3.05
18:0 6.11 6.70 9.05 5.36 5.26 6.55
18:1 19.88 11.57 31.48 16.19 15.16 16.58
18:2 17.53 16.75 14.67 25.88 20.67 11.05
18:3a- 510 7.21 5.62 7.34 5.59 2.83
20:5 4} 0 0 0.05 0.05 0.05
222 19.87 5.69 12.12 17.35 12.68 14.64
22:6 .71 1.13 2.01 2,80 1.85 3.56
HE 6.73 3L 4.96 11.64 2072 14.61
XCI$/2Cl6 2,19 2.13 303 4.09 2.59 3.33
18:3118:2 .33 0.43 0.38 0.28 0.27 0.26
Y PUFA 44.79 30.78 34.43 53.42 40.83 32.13
IUFA 134.85 117.43 12239 159.36 133.08 115.74
Table 5 The effect of storing time on fatty acid composition the strain was stored at -20°C and
cultured on new agar before fermentation (mol% )
Storing time  (d?
Fatty acid
0 5 10 15 20 25
16:0 16.38 15.45 16.11 15.74 15.58 20.19
16:1 6.13 6.37 5.36 2.11 347 4.84
18:0 6.11 2.84 5.50 5.08 413 4.30
18:1 19.91 15.43 17.19 14.32 15.26 18.61
18:2 17.55 19.83 2630 21.06 1537 18.74
18:3a- 371 4.63 9.49 8.62 4.44 5.75
20:5 0 0 0 0.26 0.07 0
22:2 19.87 17.25 9.98 10.72 14.54 13.11
22:6 2.57 3.04 4.04 1.0 1.45 2.0
HE 5.76 15.16 6.04 21.10 25.69 12,45
ZCIR/ECI6 2.19 1.96 27 2.75 2.06 1.89
18:3/18:2 0.33 0.24 0.36 0.41 0.29 0.31
ZPUFA 43.70 44.76 49.80 41.66 35.87 39.60
IUFA 139.18 143.28 153.83 134.25 126.62 128.85
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Table 6 The effect of storing time on faity acid composition the strain was stored at -20°C and
not cultured on new agar before fermentation (mol% )

Storing time  (d)

Fatty acid

0 5 10 15 20 25

16:0 16.36 14.58 17.50 16.61 18.01 14.46
16:1 6.13 4.91 6.32 172 232 4.02
18:0 6.11 372 522 7.13 5.42 5.48
18:1 19.88 2545 23,41 3546 2777 2167
18:2 17.53 21,79 17.62 19.23 19.62 15.67
18:3a - 5.70 5.14 5.76 6.88 5.87 3.45
20:5 0 0 0 0.09 0.05 0.07
2212 19.87 13.49 16.24 7.79 8.73 17.95
22:6 1.71 3.03 4,08 0.99 1.44 2.03
He 6.73 5.88 3.63 4.08 10.78 15.21
ZCIS/EZCIe 2.19 2.98 2.17 1,75 2.89 2,50
18:3/18:2 0.33 0.24 0.33 0.38 0.30 0.22
ZPUFA 44,79 43.45 43.71 34.99 3570 39.17
TUTA 134.85 140.40 143.05 122,38 124,02 131.0

results showed that if the strain was stored at low temperature (<20
C) for a short time ( ¢.g. 5~ [0d), its ability Lo synthesize DIHA
would increase. While for longer time. there was a reverse effect.
Whether the strains were cultured betore fermentation was an im-
portant tactor that would affect the fatty acid composition, In fact.
storing the strain at 20°C for successive culture.the results sug-
gested the sirain cultured only for 3d before fermentation could not
get high content of DHA. I the strain was culwred at 20°C for 20d
before fermentation or cultured for 10--15d and then cultured for
the second time on new agar for 3d. it could get high content of
DHA. Storing the strain at -20°C for more than [0d, the PUFA
JUFA and the ability 1o synthesize DHA decreascd gradually. This
suggested -20°C was harmful to the strain. Storing the strain at this
temperature and not cultured before fermentation, the range from
the maximums to the minimum of the PUFA was only 8.97%. It
was the lowest of the six conditions. Tf cubtured in new slope agar,
the range would amount to 13.94%. This suggested that the strain
cuftured on new slope agar could decreasc the hurt from the low
temperature. To the 4°C. the hurt had not showed. The studies
sugpested the PUFA changed with the same trend as the DHA s
except at 4°C. Mayhe it could be an index to examine the ability to
synthesize the DHA. The consistency was in accordanee with our
previous study that the desaturation from 18:1 to 18:2 was the key
step for synthesizing DHA " Storing at 20°C, the 18:3/18:2 and
IUFA changed with the same tendency as the DHA' s, which
suggested under the suitable condition. the desaturation from 18:2

to 18:3 was critical too. Tn most cases, the value of ZC18/ZC16
and the DHA" s synthesis had no consitency. which agreed with
aur previous studies that the optimum conditions 10 desaturation

enzyme and chain ¢longation cnzyme were differenti'!i,
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Urea Adsorption by Chitosan-Zn({ 1] ) Complex
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Abstract: A method for urea adsorption by chitosan-Zn( 11 ) complex was swdied. The optimal conditions were obtained from

experiments. The adsorption capacity of the complex for urea was 83.97mg/g under room temperatur and pH value between 6~

7.while the original concentration of urca was 2.0mg/ml. The adsorption time was 3.0h.
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