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Chemical Characterization of Cellulose—degrading Streptomyces and Its Alkaline Extraction Fraction During
Cellulose Degradation

ZHANG Wei, DOU Sen*

(College of Resources and Environmental Sciences, Jilin Agricultural University, Changchun 130118, China)

Abstract: Streptomyces are Gram—positive filamentous bacteria that live in the superficial layer of soil where they can degrade cellulose.
They play important roles in producing the currently known antibiotics and many other bioactive molecules useful to human health and agri—

culture. However, little is known about the characteristics of mycelia and alkaline extraction of Streptomyces sp. during cellulose degrada—
tion. In the present study, sodium carboxymethyl cellulose (CMC ) was used as a unique carbon source for the isolated strain Streptomyces

sp. F in the liquid culture condition during the 60 day period. Carbon distribution, elemental compositions, thermostability and infrared
structure of the alkali extraction of the harvested cells were further explored. The results showed that sodium carboxymethyl cellulose could
be used as a unique carbon and energy source for the growth of strain Streptomyces sp. F. There was a significant increase in the production
rate of harvested cells(«=0.05) during incubation. At the end of incubation(60 d), this production rate reached at 7.29%. Though the ele—
mental composition was similar between the "mycelia" of harvested cells at different culture time and the humic acid(HA ) of black soil, the
mycelia showed different characteristics from these of the soil HA, with lower degree of crystallinity, greater thermal stability, weaker aro—
maticity, and higher aliphatic carbon chain and oxygen—containing functional group content. Compared with HA from black soil, Strepto—
myces had more "water—soluble component" groups and "alkali-soluble acid—insoluble groups(the equivalent of humic acid)" but less "al—
kali—soluble component groups (the equivalent of humic and fulvic acid)". These results suggest that both the "water—soluble compo—
nent" and "alkali—soluble acid—insoluble fraction " were related with the breakdown of sodium carboxymethyl cellulose and the biological
synthesis in "mycelia", and that the “alkali—soluble acid—insoluble groups” characteristics of the "mycelia" was distinct from the humic acid
of the real black soil(HA ).
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Table 1 Elemental composition of Streptomyces in pure culture of CMC—Na

ENELGS Clg kg™ H/g kg™ N/g-kg™ 0+S/g kg™ (C/N)/mol (H/C)/mol (0+S/C)/mol
F-0d 429.2 73.73 72.25 424.8 7.05 2.068 0.760
F-7d 4343 73.50 195.56 296.7 2.66 2.031 0.522
F-14d 504.2 90.49 52.34 352.9 11.22 2.157 0.537
F-21d 495.4 89.35 74.26 341.0 7.88 2.165 0.518
F-38d 410.1 76.44 54.51 458.9 8.83 2.235 0.843
F-60d 509.2 90.08 72.84 327.9 8.14 2.114 0.497

F 513.7 80.85 44.66 360.8 13.58 1.889 0.527
C 339.5 61.58 — 594.5 — 2.177 1.313
HA 581.1 47.40 32.80 338.7 20.67 0.978 0.437
FA 473.8 54.80 23.20 448.2 23.83 1.389 0.709

TE: RPEERZ - UONENSEER,F.C HA 5 FA B BIIRES . F FORAINEF AR M EER A ; C fU3R CMC-Nas HA FA 43503 B L9

FERIR, T,

Note: Data measured only once in the table; F,C,HA and FA were all solid samples. F was Streptomyces sp. without cellulose addition,and C was CMC—

Na. HA and FA were humic acid and fulvic acid from black soil, respectively. The same below.
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pure culture of CMC—Na
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Table 2 Exotherm and weight-loss of Streptomyces in pure culture of CMC—Na(Semi—quantitative )
R IR PR R W3t iRk RiRAE  FRAE WA
Qb3 (H1)/kJ- g (H2)/kJ- g (H3)/k]- ¢! (W1)/% (W2)/% (W3)/%
F-0d 0.35 3.76 1.54 0.410 6.39 30.58 10.06 0.329
F-7d 0.39 3.23 12.08 3.740 6.49 28.94 25.90 0.895
F-14d 0.62 9.75 12.41 1.273 7.62 38.25 26.88 0.703
F-21d 0.60 5.68 12.43 2.188 6.79 34.79 27.52 0.791
F-38d 0.46 2.97 12.57 4232 5.60 28.81 23.02 0.799
F-60d 0.32 6.29 7.25 1.153 4.38 33.92 18.29 0.539
F 0.32 6.98 1091 1.563 4.40 37.26 33.20 0.891
HA — 3.42 29.83 8.722 7.47 25.34 56.63 2.235
FBT R IR, I U A B 7 ) W T A i, 3K T
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Figure 4 Infrared spectra of Streptomyces in pure culture

of CMC-Na
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Table 3 Relative intensity of major IR absorption peaks of Streptomyces in pure culture of CMC—Na(Semi—quantitative )

ENEPOEL 3400/cm™ 2920/cm™ 1620/cm™ 1400/cm™ 1380/cm™ 1240/cm™ 1060/cm™ 2920/1620 1620/1060
F-0d 238.62 6.90 73.60 41.05 — 1.02 103.64 0.094 0.710
F-7d 582.11 17.02 164.58 42.38 4.40 7.02 225.39 0.103 0.730
F-14d 492.79 14.19 173.98 32.56 4.45 6.90 192.22 0.082 0.905
F-21d 287.15 7.20 89.51 16.37 2.50 6.13 103.16 0.080 0.868
F-28d 308.71 9.59 43.11 12.32 0.62 4.18 124.36 0.222 0.347
F-38d 361.87 8.39 101.64 21.22 2.28 5.85 139.92 0.083 0.726
F-60d 266.11 6.35 72.96 15.18 1.94 433 97.80 0.087 0.746

HA — 0.79 1.84 1.22 — 1.34 1.18 0.429 1.559
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Table 4 Relative carbon contents in different fractions of Streptomyces in pure culture of CMC—Na

WFRIRL15C

AL 7 -C TR TR AN 20 73~ CHi 4 73 —C

ANFbH PR KIEPEASY-C BRIRFRANE A5 -C
F-0d  30.2+2.35a 65.2+9.95a 3.5421.19¢
F-7d  32.6x1.27a 43.3+4.28b 7.29+0.25b
F-14d  33.9+2.38a 47.5+4.29h 7.124¢1.97b
F-21d  35.2+0.84a 38.5+5.00b 10.90+2.99a
F-38d  30422.16 54.3+8.91 5.32+1.24
F-60d  36.8+3.36 38.5+6.80 5.89+0.79

F 50.9+0.69 9.59+0.20 3.470.90
C 34.00.00 — 1.45+0.50¢
B — 3.23 35.0

0.79+0.43b 30.5+8.37a 82.6+4.69a
1.58+0.79b 47.8+3.77a 82.5+7.96a
1.86+0.33b 43.6+5.82a 78.7+5.45a
2.42+1.99b 48.2+0.56a 83.2+8.44a
2.08+0.78 38.3x10.9 72.2+2.94
0.78+0.19 54.8+6.20 88.1+£3.95
10.0+0.24 77.0£0.91 25.6+5.06
54.40+16.80a 44.2+17.2 2.59+0.26b
20.1 41.7 63.5

T AT A RNG PR RORE 0.05 KR 2257 B3 .
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