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Abstract: This paper aims to report the authors’ research results on
the influence of different methods of direct DNA extraction and purifi-
cation from the activated sludge on the microbial diversity analysis by
polymerasing the chain reaction to denaturing the gradient gel elec-
trophoresis (PCR - DGGE) . In doing so, we have adopted six differ-
ent procedures to physically disrupt the cells so as to obtain the total
sum of DNA: sonication. Then, two other methods were used for
DNA extraction by using the microwave-based method and the grind-
ing-freezing-thawing + the bead beats and lysozyme + SDS method.
Afterwards, the PCR amplification of the extracted microbial 16S
rRNA gene fragments (V3 region) was conducted by using the uni-
versal primers GC-341f and 518r. And, next, an analysis of se-
quence diversity in all extracts was made by using the polymerase
chain reaction denaturing gradient gel electrophoresis ( PCR -
DGGE) . DGGE on a DGGE analyzer with 8% (m/V) acrylamide
(37.5:1 acrylamide-bisacrylamide) gel loaded under a 30% to 60%
linear gradient of denaturant. The results show that the community
patterns revealed by DGGE were noticeably influenced by the different
DNA extraction methods. However, no much influence has been
found by the purification (solution purification and agarose gel purifi-
cation) and PCR amplification (direct PCR and nested-PCR), thus
demonstrating the importance of the DNA extraction protocol on the e-
valuating activated sludge microbial diversity. The above results
gained from our experiments prove that the method of SDS-based DNA
extraction (Zhou method) is the most efficient one, which may have
resulted in the largest number of DNA bands, that is, the highest
number of bacterial species. As to the quantities of DNA gained from
SDS-based DNA extraction, there were only (14.85 £2.5) pg-g~!
(wet wt) of activated sludge with OD,5;/ 0Dy purity ratios of 1.8 +
0.23. Therefore, it can be suggested that the DNA extractions from
the activated sludge should be highly appreciated not only in terms of
quantity and purity, but also in terms of the sequence diversity pre-
sent. Furthermore, it can be concluded that the SDS-based DNA ex-
traction protocol from activated sludge (Zhou method) is expected to
be adopted as a rapid and reliable means for further microbial molec-
ular ecological study.

Key words: microbial ecology; activated sludge; DNA extraction;
polymerase chain reaction-denaturing gradient gel elec-
trophoresis; microbial diversity
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Table 1 Biosorption capacity of uwranium by various microbe

Bk WK R R i ' xm
(mg-g~!)

Citrobacter sp- 9 000 [5]

. Bacilllus subtilis 615 [6]
(HOEENR, Arthrobacter sp- 600 [7]
REEXE) Myzococcus xanthus 571 [8)
Pseudomonas sp- 541 [9]

Zoogloea ramigera 400 [10]

Bk S. Longwoodensis 40 [11]
Asperiggllus niger 215 [12]

B {i}fiz?pus arrhizus 180 [13]
(RES-5) Penicillium chrysogenum 176 [14)]

S. cerevisiae 172 [15,16]
Sargassum fulitans s60 (17)
RE(BEEIBR) Anabaena azollae 1.6 [18]

EDRERAERREET . ARMAEY MR XRER, BE
CRBMTHEERE UNRE:2) SHEKSEES KA, InxX
BR(17]: cp <3.5 mg/L,CMR[18]): co =5 mg/L,3CHR[8]: ¢, =0~71.4
mg/L, XHR(6,9,16]: ¢, <100 mg/L;3) LB EBE R M EEKENE
YRR Z AR BT ke B R SR A LY
ZEX FHU—-RERPRAEE, FEIE3TARLERE,

%£2 REPIXAGH 4R Langmuir and Freundlich ¥ 8
Table 2 Langmuir and Freundlich constants for uranium
sorption by hydroxyapatite
%X
RE R

BEEX  AKHEBRBEFE 5% B 2% T X 3

Gua =33 mg/g,
b=151.515 L/mg

k=735.36,
1/n = 0.669

Langmuir y = 0.00022 + 0.0066 0.996

Freundlich y =0.669x + 2.8665 0.957

908 cm~'.372 con " "B NLMCHE W 4 B VO I U—N &
MR, RUABARRRE, B 5MREN/LT HEAEKN
- ZBAL ~ D - MWL (NAG) H 4P I N B £, Tsenos!® 7
H—HWEPEA, V02 G2 F* SAILTHF N- BF
ZHE UK BREE—SBRHAKBEZY. TRPERH, LT
B FofEfE B hZ, B BLE & (NHCOCH, ) F1 % % (—OH),
HPEZEL5THAHER. RESBELTEPHNE U
(MDFA>U(V)ERHBERMEANLT H~%ESEKE, B
o B BE R o BLGh B R E ALY AR DTIE .
 BAEVHARBEEREBOFELSSEMSBERAES
REORR,ME 4+ PHBEEER. -5 HREF, 41
AN S REEEAER. SRTTUMHERBEANERE
BPHRE& MAKBLREEARAZE U0,  H48H
WU KMEEBSERALAS, KB AFE,TIA
NEFEREYHXEEEARA S, L PREEERBY
HEEprEw.
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Table 3 Factors affecting the biosorption of uranium
HE WHESHELER ARk SRk
;"‘;‘ﬁ%ﬁgﬁf{i%@i oH M W 4 B VR R B A5 R 7 T B AL 2% R ol i
pH 8 A, ﬁ#;ﬁ& q EERNAAERTRSSRAT RS REIEAE, pH HRF & (8]
ol PP R T LR, S RELY R
B AL 7 166 15 B 500 2 2 R T AL O TR £ 5, B0 R AR 4 22 4 [17]
pE TR memmmsEs [3]
. A YRR R BT A, TR A R B LA [8,9.20]
P B0k 5 AT P B R AL S O B R R B S A T e
SEHEHBTANBTFE RERAFSRLOS5IECRETESRMAATNHIESRET
REBT WHRNRAEE, & AE HNEEGESSREFEASHRE KHERHARKSRETHE  [9,21]
TARRBESEREL Pkt P
&R EENZ S — [20,22]
) FEREHE XMkch BAERI N 72 h (8]
MR Bt B 5 AT ] 188 0 7 380 K — [23]
4 EWRMHONE
Table 4 Mechanisms of biosorption of uranium
EER ] Sk
FREHEEE BOBN BREEFEOAETSERFOSRHEETE V02 ) NS aER FHEBEMEYEE [4]
- MR E A YA SR 0 T B S A L R AR I AR AR IR K o S MS ) A X [27]
% EHUBCRE b A8 70 40 MO AE SR AN BL P9 LI BERR 20 B MRk LR AL DS 0B o B A IR IR E LB [23]
FALEE RARERANEERRS, THEEERERRRR U()~U(V) [27]

- ERMEEREMEEAT S, R ERUEMEEETGE.

3.2 HWRHHIE

HAEREYRESERES HENE5ERETFZHH
fERARR, AR X 548 3¢ 5 B8 & A7 5 6 i (EDXRF) . 4L
SREIEE(IRYMEA#HBEEL (SEM) A HIMBEKETEE T
FHHR EERNEREURE FEREE T HIEBAMN
&ﬁ[“],#?%‘Efﬁmﬁmxﬂ&mﬁ_ﬂzm&ﬂwmn&mmﬂo
LA BF T AR T V344 % 4 o1 W B L BB R L\ E LR JE AT 4
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EF-R BN, BE—MRB &R S, 0T B8R af £ 7 — R
JURHLE . 1 Young B 17 ML, o 000 4 47 40 ML 7 AR O BE PR G
BABIEPER HPO, . 5 H 5 V0 &4, AT &K
(HUO,PO,-4H,0) UL ¥ X M, MR LB IR M Desulfovibrio
vularis 1 Geobacter metallireducens & 7 EL W WR {18 Th B8 9 40 g
B cMEILE EHEERLERRN RS FHRE, 28
Fe( 1) .UCVD) MBS BRELIE MR, J5 P & 3L BV BOE R, T R U
B E 1k, Strandberg %“”ZEEH‘E"ME@&% S. cerevisiae 48
R RN R, BUIREARRE, B 0.2 mm SMER
SRAFER, XM B TREMEEZIFENEWR W, 0 pH.
BE HKEBHFHTFRE; M T Pseudomonas aeruginosa , L]
MPREDRATE, EA R REGHR N, O ATEERAA
BRpt R, A XMPEEXTE TR KT %
AUy B IR X LR BT,
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RY , FH— By 77 vk 5h oI R R A YR R R R B 2 R
BT EAETUEEMA, LB T KBRS, ¥HMNR

WAE LR AR BLBR R B EDTA B M A 3~5 K

CAE RER R R RN, Sar FOREARBER

WRH A AR P, R A 4 0K, M A R R
0.01 mol/L HYRK AR & I LA R 3R 8 (92% ) 3 W (A T 471 5 (A
X, EHLBR N o AR 560, R E S A RE) , RS
WA o Gene E1H 0.01 mol/L HCI f#R B R M 4889 Tram-
etes versicolor  Phanerochate chrysosporium  Carboxymethy cellulose B
et 25 RIRM—BREAYPE, BB XD 98% , REH
FEEARZALRENEYRBAEEBEE,XE 2%

%o
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Z—o BTHMARHRE,EFERET MR E A &%
BEALHEIREANTEAMFREN ZXE3, BRE
BEBENEREARBHTRE L. SBETUAUTHEFE
FRIE.

MEHRABER, B BN ¥FHE S HRIHERTESE
AREgRA™, BPF A SEM #1 EDXRF %4 AR X 4138 # 47 40 5
WHIR, 1SN AR FTEAHWBMLER CERA B FEER
(Langmuir, Freundlich B &1 — . — & , ¥k — . — R HEF#)
EYREBENRFINFREER, REEERREY BN
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Efficiency of biosorption in treatment of sewage
containing uranium of low concentration

HU Lian', XIE Shui-bo'-2, ZHAGN Xiao-jian?, LI Shi-you'

(1 School of Urban Construction, University of South China,
Hengyang 421001, Hunan, China; 2 Department of Environmental
Science and Engineering, Tsinghua University, Beijing 100084, Chi-

na)

Abstract: This paper is aimed at giving a comprehensive survey over
the sources and biosorption capacities of different kinds of microor-
ganisms. Radioactive pollution of sewage containing nuclides has be-
come one of the most serious environmental problems, which has
made biosorption one of the most promising technologies in treating
sewage with lower concentrated uranium residue. The results of our
study shows that the biosorption capacities of uranium by bacteria,
actinomycete, fungi, algae were degressive in nature, whose order
can be listed as follows: 400 -9 000 mg/g (by bacteria) > 440 mg/g
(by actinomycete) > 170 - 215 mg/g (by fungi) > 1.6 - 560 mg/g
(by algae) . This paper has also analyzed the influential factors and
mechanisms of biosorption, coming to conclude that the pretreatment,
pH, interference ions and initial concentration of uranium can be tak-
en as main factors affecting biosorption. Its capacities are likely to be
enhanced after pretreatment. Nevertheless, the influences of co-ions
are varied from case to case. While there may come an increase in
biosorption concomitant with an increase in pH and initial concentra-
tion of uranium, the structure of cells, such as active groups on the
cell wall and intracellular groups, can play an important role in the
biosorption process. In addition, the electrostatic sorption, enzymatic
catalysis, abio-micro-precipitation, redox, etc. are also the main
mechanisms of the biosorption. Due to the influence of the above fac-
tors, the uranium residue is likely to get easily recovered from the
metal-loaded biomass by elution with desorption materials, such as
0.01 mol/L hydrochloric acid and so on. And, finally, the paper has
made a forecast of the orientation of the development of biosorption of
uranium in the time to come.
Key words: wastewater treatment; biosorption; uranium; microor-
ganisms; mechanisms; regeneration
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