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Fig. 1  Growth curve of Anabaena flos-aquae under

experimental conditions
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Fig. 2 Thallus production rate and carbon content in thallus and extracellular metabolites relative to growth period of Anabaena flos-aquae
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H:oal, bl el dURRAERKAIMINSEHIEAR; a2, b2, o2, 2RFRAERFIWINARBIMAMREY; DI D2RF R TR HIE KK
JESMRHIPI; B-AL S-A. T-A. CKIMIRRM I IEFHEMME . AL m . EEMTEN LR ER S ; DFA. DHAKR
IS T B BT OF ) 7 LR A SRR, AR DCERRIR T3k [19] 5 FIA Note: al, b1, cl and dl stands for thallus in different
growth periods; a2, b2, ¢2 and d2 for extracellular metabolites in different growth periods; D1 and D2 for thallus and extracellular
metabolite, respectively, in the late decline period; B-A, S-A, T-A and CK for thallus mixtures formed out of Anabaena flos-aquae
as the substrate after inoculation of Bacillus megaterium, Sreptomyces sp., Trichoderma viride and no microorganism as contrast
check, respectively; DFA and DHA for fulvic acid and humic acid isolated from dark brown soil, respectively; and all the related data
are cited from Item [ 19 ] of the Reference. The same below
K13 NTal Ak 2R 7K A £ JP 5 0 n B 1A K AR O £ A1 3% i 2%

Fig. 3 FTIR spectra of the thallus mixture formed by and metabolites of Anabaena flos-aquae relative to treatment
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Table 1 Relative intensity of the main absorption peaks in the FTIR spectra of thallus formed by and metabolites of Anabaena flos-aquae

relative to treatment

FAXT R B Relative intensity ( % ) L {H Ratio
b B
2 926 2 860 1 650 1530 1 400 1250 1 080
Treatment 2 926/1 650
em™ em™ em™ em™ em™ em™ em™
A K N AR al 4.46 0.92 12.70 13.15 19.01 2.67 24.22 0.351
Thallus in different growth periods bl 544 053 2807 978 1740 1.00  23.09 0.213
cl 4.80 0.60 23.70 6.97 1.20 1.07 20.55 0.228
d1 7.41 1.14 25.36 7.20 5.04 0.97 22.81 0.337
A SR P M S a2 4.12 — 11.33 — 40.23 — 9.83 0.364
Extracellular metabolites in different b2 3.00 o 704 o 109.13 o 3719 0.378
growth periods
c2 6.31 — 16.12 — 35.94 — 44.02 0.391
d2 7.34 — 16.66 — 12.13 — 36.34 0.441
SRR W A S MR D1 590 078 2524 831 27.45 072 32.17 0.234
Thallus and extracellular metabolites D2 28.09 o 4975 o 290.93 o 17.25 0.565
in the late decline period
Ve R R TR TS B A R TR A4 B-A 4.10 0.46 38.02 — 12.64 1.25 22.65 0.108
Thallus mi s fe »d with
atlus mixtures formed wit SSA 472 095 2897  — 2720 036 2220 0.163
Anabaena flos-aquae as the substrate
T-A 4.67 0.85 24.15 — 11.41 0.54 18.86 0.194
CK 6.18 1.00 22.53 1.58 12.58 0.66 17.56 0.274

e 2926/1 65038 N IETFLAY LLE . TR Note: 2 926/1 650 represents ratio of the corresponding peak areas. The same below

F2 BESIEFARHABOIN KL T ERKLEHETEE

Table 2 Relative intensity of the main absorption peaks in the FTIR spectra of FA and HA extracted from dark brown soil

FAXT R E Relative intensity (%) IY1E Ratio
Qb F
Tre: o » » . . 1030 ~1 080
reatment 2926 cm 1720 cm 1 650 cm 1380 ~ 1 400 cm 1250 em . 2 926/1 650
cm
DFA 0.60 4.41 2.25 2.92 5.27 13.36 0.265
DHA 0.32 8.42 12.93 2.42 17.47 3.77 0.025

o EAEEIL, DEERE,;, SEETE,
DIBRR . WERIMITHERILRE, WA
PR A C/N I (IR T HIEHSIZ U (E . BR X 0
KWWK (1.410) 46, 040 08 & K 1 IRR &
PIH/CH (1.719~1.918) ¥& T HHEHSIZILE
(0.733 ~1.553) ; WKRIRAYHH/CH P UE >
LT > B > CKo BRTEUE KR (0.447 )
Hh, WK (0+S) /CIERE REAE0.6 ~ 1.0 1], HE

A L3 HEHSIZ A (0.189 ~0.694 ) &5 &4
YIS G ME AR AY (0+S) /CHFE . BT AW
WARMH/CLLREAR, (0+S) /CHHE .
PLO/CRRE AL BR, HIC A bR, 73 F] AR Ak
FHR W 4058 R Rl AR A R ot R i LA
(El4) o IWE4FRRTFEH, XA R I K e R
BEPER S HHEHS A A e, Al B B A A S+ 4
HSZE MM 2300 . U Ew s, wWiRIREA
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Table 3 Element composition of thallus and thallus mixtures formed by Anabaena flos-aquae relative to treatment
Qb3 C H N (0+S) (0+8) /
Treatment (gkeg') (gkg') (gkg') (gkgt) N e C
A SR R TR A al 428.1 66.4 86.0 419.5 5.809 1.861 0.735
Thallus in different growth periods bl 531.0 62.4 90.1 316.5 6.876 1.410 0.447
cl 4197 67.1 93.5 4197 5.237 1.918 0.750
d1 4353 67.3 99.0 398.4 5.128 1.856 0.686
ETE Ik D1 367.6 54.5 98.5 479.6 4.351 1.779 0.978
Thallus in the late decline period
YRy B PR 0 AR IR A B-A 402.7 63.7 87.6 445.9 5.362 1.897 0.830
Thallus mixtures formed with S-A 350.2 55.0 88.5 506.3 4.618 1.884 1.084
Anabaena flos-aquae as the substrate T-A 444.8 68.1 67.0 420.2 7.741 1.836 0.709
CK 466.6 66.8 96.2 370.4 5.657 1.719 0.595
+EHSH 5 SFA [/ 462.0 46.4 31.0 428.0 14.91 1.205 0.694
FA, HA and Hu extracted from soil SHA ™' 5410 48.0 324 406.0 19.48 1.065 0.563
DFA "’ 500.3 64.7 55.4 379.6 10.54 1.553 0.569
DHA '™ 5150 52.6 39.2 393.2 15.32 1.225 0.573
BHu 739.3 45.1 29.8 185.8 28.63 0.733 0.189

i SFA . SHAZN 378 3R F [ B J 58 400 o 0 4 9 57 10 D7 92 DA b 55 25 068 el R 7 A 2 el = 39 vl 4 B ke 170 i B R R ) SRR R o
AH S K U T 3CHk [ 24 ] 5 DFA. DHASR 3R R FHNaOH+Na, P, 0,5 B DB A7 1 v 52 B >F 09 R NS 02, A+ DG 550
FIETFSCHK [19] 5 BHuZR A RAHHCI-HFHBUE B 4 Hp SR BOH R AR, ARSI R IE T3k [25] o T Note: SFA and

SHA represents fulvie acid and humic acid isolated from soil of Jiufeng National Forest Park, Beijing, respectively, with the methods

recommended by the International Humic Substances Society, and relevant data are cited from Item [24 ] in the Reference; DFA and

DHA represents fulvic acid and humic acid isolated from dark brown soil with the NaOH+Na,P,0; extraction method respectively, and

relevant data are cited from Item [ 19 ] in the Reference; BHu represents humin extracted from black soil with the HCI-HF extraction

method, and relevant data are cited from Item [ 25 ] in the Reference. The same below
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<
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Fig. 4 Van-Krevelen plot of the thallus and thallus mixture

formed by Anabaena flos-aquae relative to treatment
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175 B e A, Lo fi s R IR ko, LU (EAIR R
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2 926/1 650 LR, VLWL 40 & A B 1Y 454 1%
AL PIRE A RHAM S HRE, RS ERE, X
B KRR E IR 07 B R AR IEFAR =, A
PRI S FIFAR S 2R FEREAR Y . EstevesZs (2 HF 5%
KL, MR (R ) PRIETE 10 I 7 S5k 5 ki b )5
JEAH L, o A T 2 S R I 4 R R /D
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Possibility of Axenically Cultured Cyanobacteria Forming Humic Substances

LI Yan DOU Sen' YIN Xianbao TIAN Xiangling
( College of Resources and Environmental Sciences, Jilin Agricultural University, Changchun 130118, China )

Abstract [ Objective] Cyanobacteria are the oldest photoautotrophic organisms on the earth. As they
lived commonly in the ancestral protohydrosphere and entered into the geosphere with geological changes,
they got profoundly involved in the formation of primitive soil humic substances ( HS ) . Since contain large
volumes of protein, polysaccharide and even some humic-like acid substances in their cells, extra-and intra-
cellular metabolites, is it possible for cyanobacteria cells to form HS spontaneously? If the formation process
needs catalysis of some microorganisms, what are the differences between different groups of microorganisms
in role in the process? These scientific problems need to be solved. [Method] In view of the above-mentioned
scientific problems, this research adopted the source control and shake-flask liquid axenic culture method
to get axenically cultured samples of Anabaena flos-aquae, a representative species of cyanobacteria, in
different growth stage and products of Anabaena flos-aquae used as the only substirate and treated with different
microbes. The products were analyzed for structural characteristics, using the method of element composition
and fourier transform infrared spectroscopy ( FTIR ) , with a view to exploring possibility of cyanobacteria
spontaneously forming HS or acting as substrate in HS formation and hence to make up and specifying the role
of cyanobacteria in the origination and formation of soil HS. [Result] The following findings were obtained.
Under the experimental conditions, Anabaena flos-aquae had a long life cycle and remained quite constant
in carbon content during their growing period. However, during the logarithmic phase, the carbon content in
the thallus was relatively high, while in the extracellular metabolites it rose steadily but remained much lower
than that in the thallus. None of the FTIR spectra of the cyanobacteria samples showed any peaks characteristic
of the carboxyl C=0 bonds at 1 720 cm™', instead, the spectra intensified somewhat at 1 650 ¢cm™ and
1 530 cm™'. Relative to soil HS, cyanobacteria thallus were rich in organic nitrogen, but poor in organic
carbon and high in protein and components of polysaccharide. The extracellular metabolites of cyanobacteria
contained a large amount of hydroxy and carboxyl functional groups. The ratio of 2 926/1 650 revealed that
during the logarithmic period and the late decline phase, Anabaena flos-aquae thallus contained a high

amount of aromatic substances, which were quite approximate to soil fulvic acid ( FA ) , but lower than soil
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humic acid ( HA ) in complexity. Relative to soil humus, Anabaena flos-aquae thallus were high in both H/
C ratio and ( O+S) /C ratio, which means that they were low in condensation degree and high in oxidation
degree. Although it was found that the possibility of cyanobacteria spontaneously forming HS was very low,
it could not be ruled out that under extreme conditions ( abnormal temperature or pressure ) cyanobacteria
might get combined with other polymers, forming HS, or form HS by the action of microbes as during their
long life cycle some organic substances complex in structure may be produced. Under aerobic conditions,
Anabaena flos-aquae was used as the only carbon source and treated with Bacillus megaterium, Sreptomyces
sp. and Trichoderma viride and the resultant thallus mixture contained more aromatic substances, but the
peak at 1 530 em™' disappeared in the FTIR spectra of the thallus mixtures, which indicates that part of the
C=C bonds and amino acid-like materials in the mixture were decomposed by microorganisms. The thallus
mixture was lower in aromaticity, higher in oxidation degree and simpler in structure, which indicates that
once the cyanobacteria culture was inoculated with aerobic microbes, the microbes first made use of the sugar
components in the culture for cell proliferation first, and then began to play their limited role in decomposing
cyanobacteria cells. The Van-Krevelen plot shows that the thallus mixture formed after the treatment with
aerobic microbes differed more sharply from soil HS in structure. By comparing how much they differed, it
was learnt that actinomyces and bacteria were more capable of decomposing cyanobacteria, thus simplifying
the thallus mixture in structure, while fungi made the thallus mixture of cyanobacteria closer to soil FA and
more complicated in the structure. [ Conclusion] In a word, under the lab conditions, the thallus mixture
formed by cyanobacteria per se and/or using cyanobacteria as the only substrate does differ from soil HS, but
the thallus mixture, thanks to its composition and structure, may serve as substrate for HS formation. The
findings may provide a certain scientific basis for the research on formation and origin of soil HS.
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