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Cyanobacterial diversity in biological soil crusts on wastelands of copper
mine tailings
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Abstract: Biological soil crusts are an initial stage of primary ecological succession, and are widely distributed on the
wasteland surfaces of copper mine tailings that are undergoing natural ecological restoration. We investigated the
cyanobacterial diversity and the dominant taxa in biological soil crusts growing on Yangshanchong and Tongguanshan copper
mine tailings. We used conventional cultivation and fingerprinting by polymerase chain reaction-denaturing gradient gel
electrophoresis (PCR-DGGE). Biological soil crust samples were collected from moss-algal crusts of the Imperata cylindrica
community of the Tongguanshan and Yangshanchong mine wastelands, moss-algal crusts of the Yangshanchong mine
wasteland , moss-algal crusts of the Hippochaete ramosissimum community of the Yangshanchong mine wasteland, and moss-
algal crusts of the Zoysia sinica community of the Yangshanchong mine wasteland. The surface layers of tailings samples
from bare wasteland without plant communities were collected for comparison. Conventional cultivation and molecular
methods showed somewhat different cyanobacterial species composition. Microscopic observation showed that Microcystis,
Chroococcus , Oscillatoria, Nostoc, and Planktolyngbya were the main taxa cultivated, and dominant species included

Microcystis aeruginosa, Oscillatoria fracta, and Planktolyngbya subtilis. Different samples showed different species
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composition; however, M. aeruginosa was found in all biological soil crusts from wastelands at different developmental
stages. It was abundant in the crusts of the I. cylindrica community of the Tongguanshan mine wasteland, in the moss-algal
crusts of the Yangshanchong mine wasteland, and in the bare wasteland without the colonization by plant communities.
Three 16S TRNA cyanobacterial-specific primers, CYA359F (forward) , CYA781R(a) and CYA781R(b) (reverse) , were
used to assess the molecular diversity of these communities. The 16S rRNA gene was analyzed by PCR-DGGE. Shannon-
Wiener diversity indices were calculated based on PCR-DGGE banding patterns. The cyanobacterial diversity index of the
same sample had obvious differences as shown by the assignments of the reverse primers, except for the moss-algal crusts
from the Z. sinica community of the Yangshanchong mine wasteland. Twenty-four DGGE bands were excised from the
DGGE gel and sequenced. All the 16S rRNA sequences showed at least 93% similarity with known sequences in the NCBI
database. A phylogenetic analysis indicated that four sequences could be identified as related to Microcoleus (95% —98 %
similarity) , two were affiliated with Lepiolyngbya (95% —96% ), and one grouped with Phormidium (97% ). The other
17 sequences belonged to uncultivated cyanobacteria. Microcoleus was the dominant cyanobacteria in biological soil crusts
from bare wasteland and in the H. ramosissimum community. Leptolyngbya was the dominant taxon in moss-algal crusts and

in crusts from the Imperata cylindrica var. major community.

Key Words: copper mine tailings; biological soil crust; cyanobacteria; diversity; DGGE
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4230 d,AESERIREK R 1390 mm, AESE TR N 75% —81% , ASHFFE e B A K AE 4 B 47 1L i (30°54 "N, 117°
53'E) A E 11 (30°54'N,117°49'E) 2 A4 A K 5 A9 £ 3 i . 1l B R s b 77 B 1308
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W FEAETLE SN Fe(81.25—228. 14 g/kg) .Cu(0.64—1.67 g/kg) .Zn(302.09—741.90 mg/
kg) 1 As(159.32—532. 88 mg/kg) .
2 HH5RFE
2.1 HEACRAE STiAb

SKAE R W) - 3 45 B REA ARG A B LR R PR S P P B D BB IR A 45 2 (TG) Ll b B 1%
FEHh P RIS T EE- SR G S K (YB) A Ll P R I 5 bl rh AR 2 2 OBV TP B BEIR A A5 (YD) L v
B I MR R 75 e -SR B 45 2 (YM) A Ll bl 2 i 2 7 o € BLE -5 IR G 245 B2 (YT |, Rl 7
L o R A I 3 i JCAE A0 AE K BORR R X SR A T R IZ RS (YL) /E TR

FEAS TR IR T8 53 A DX 8 O ) AE A )RR R DX T BEAT LR I © AN SRAE A5, S B2 W 1 3285 B R 1hT 11
& ARG BRI IGRZ A B, IT /N TR R i 25 B T RS BN A B, 6 A RAFE s IR AERE AR A 5
48 PSR AG  AZA vk RIRAR N, 7 B S0 00 % T -20 C VKGRI AE , T I B2 HEPERTF 5T

TEAS W) - 28 Fy SRAEAL | [R) h R A 0 A= ) 3 25 F B (JEE 2 em, THIFR 10 em x 10 em) |, BEAb R
LR FEARNE R — 3 BT FEARZE AR 3H4% I DRI PRI AR P, 4 1] % o8 J5 BRGER A AR AR 14647 1% 7K
HIE ARG N A SRAT a0 e T A A ol o
2.2 HAEPERT T

FrK BT ((105£2) °C) M , A AL R AR ((550+5) °C, 6 h) U , pH {ELRITER F: 3853
SRR R (pHS-3C UK %% pH 31, FIFTR RIS ) M1 DDS-11A B S84 (iR s A R A 7)) T
(Wiy V=1 g :5 mL) , BECR A RE ZIE I , A SSBER P AW H ek e ),
2.3 WEEMZFENESH
2.3.1 EEMREFR S

FEZSRUN 100 mL 19 = AN, A 50 mL ARG 375 (1537 3R T Bristol F1 BBM WIFh) , KT £ T, 4K
JEAEZ 5 g BIZE BRI A R FREE N, SE0 4R ((25+1) °C (180 e/ min) J5 L AOG BB FR 46 P ((25+1) C |
150001x 't/ B JA] 12h/12h B R3S 2 IR) #5597, 1 2—3 AR K h 5 08 (OLYMPUS BX51) # 47
W
2.3.2 5B PCR-DGGE 28t

(1) 5 DNA HyH2H

Z M8 Zhou ™ IR 2245 BOARBOT 5, IR et , B ZE 0 A DNA 4R 2% il 2 7T F 1 XTE PEispEA
2 3 (F 65 C/KHE 10 min, 4000 r/min .00 2 min, Fdi IR |, ZeBREE B P B FE IR (A% B 75, LIS
SEfK) DNA §38

(2)PCR ¥4

27 Nibel 55 12 Boutte %5 (47 18 254 32 FHHL 2L PCR XTHE ¥ 16S tRNA 75 i Bk A7 1 . HAk
451N 16S 359F 23S 30R, 2 —4e P B WK R A .2 pl FUREAR 0. 4 wmol/L EF15 (4 0. 05 mg
1 BSA (bovine serum albumin) 0.2 mmol/L [ dNTPs . 10xPCR buffer (% 2 mmol/LMgCl,) .2U ] TagDNA %
A, NI A R K AME 50 pL, B4 HE A E R .94 CHAEE 5 min 94 C 45 5,54 C 45 s F1 68 C 2
min (30 MEH) , FJG7E 68 C FIEAR 7 min, LIS —H50 RN 7= P AR 617505 401G, 55 —4e 1S N i
UES1¥) GC-16S 359F | FiES 1495 B A 16S 781R (a) F1 16S 781R(b) , RNiiA R 55— AHF . 59"
B4y .94 CHIAEE 5 min 94 °C 1 min 60 °C 1 min A1 68 °C 1 min (30 PMEH) , &5 7E 68 C T LA
7 min,

(3)DGGE 7 #fr

TR P W T DGGE 207 AR MERIBE BE 45% —60% , TN ML e B 6% ,1XTAE buffer Hi,
VKZE M ,30 WLPCR 4734 7= W4 M AEAS  7E 60 °C (100 V HLJE FHLYK 16 h J5, J SYBR Green I ¥ Y4 {4,
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20 min, SR )5 TEBERS BUAH R Gerh A iR DI

(4) DI mfie 50

VI 2 B 25T 1.5 mL BYBSOAF N30 pl B9 IXTE 4 Cid iR 1e . SR)5 FERHITIUAY 4640 HEA T
1 WEBERIT I 16S T84R I 16S 359F , How 4505 LR py ik e sE —4e ¥ AHR] . PCR S 97 H 1% Bt

R RE RS FL PRGN | X6 B A Aty EA T YD R alifb , 4tk = A A T R

2.4 FdEaba

K SPSS16. 0 47 BAL £ L 4347, FH One way ANOVA ( Duncan 56 ) #4725 4 (P<0. 05) ; Shannon-
Wiener $8 80 T34 DGGE iR 459k i ¥ 2 HEME )  MEGA4 I T ARG,
3 FR
3.1 AW sRss N R AR B AR e

AN T ERURE X sk A ) - 38485 e T i DO R BRAR I 3 (38 1) 20 Mr 6 B, g Ll b R 7 1% 5 2B+
L E N R pH H & T4 E LR 5 AR ) 84 i N R eI vp BT e, pH (AR YL >
YT FLYJ > YB Al YM; A9 R HESE B R B Sk B SR AHUR(FERE) SRS EHRIAN TG > YM F
YB > YJ. YT Al YL; 8B 1L R0 R 57 b A= ) 3825 1 F B vh A Rl & & o T4 L0 b B IR e A= ) + 3 2%
KRS 1l iR R S AN A XSRS T R LB AR

F1 TREBEYTEERTEET EUMER

Table 1 Physico-chemical properties of substrates under biological soil crusts ( Mean+SD, n=6)

sk R oK AR Bkt BA R
Samples Water content Electric conductivity pH Loss of ignition Total Nitrogen Available phosphorus
/% /(ps/cm) /(g/'kg) /(mg/kg) /(mg/kg)
TG 17.30+1.65¢ 139+26" 7.76+0.17° 69.24+10.73" 184.93+25.69¢ 2.31+1.240
YB 8.82+2.65" 92421 8.16+0. 13" 13.71+4.90° 41.06+24.26" 0.82+0.37*
YM 13.58+2.58° 11529 8.16+0.15" 13.37+6.39° 41.11+17.89" 1.20=0. 46°
YJ 6.91+1.75" 86+20° 8.29+0.17™ 10. 15+6. 09* 23.18+9.20% 0.55+0.51*
YT 3.3720.42° 72£21° 8.3820.18" 5.51£3.71° 8.43+1.16° 1.07+0.75°
YL 3.7120.67* 84+11° 8.4420.21° 5.56+3.94° 7.55+2.38% 0.75+0. 56

[EIZVEHE 5 A NG FRER R 225215 0. 05 B KF

3.2 YL iR R R A

ORI (3 2) M S R T A A P A B e S R T (KR ( Chroococcaceae ) B
Bl (Oscillatoriaceae ) 1 & ¥ B} ( Microchaetaceae ) . 7% B 3 B} ( Nostocaceae ) Fl £ i i % £l ( Pseudanabaenaceae ) .
O BRIEERL A LI T2 R S R R SR TR B ( Miicrocystis aeruginosa) , HAZSTHE QN (K 358 & 10 Rl & (G BR
##: ( Chroococcus cohaerens) 3 EK & (Aphanocapsa) FHT 3 I8 (Aphanothece ) FURTER & ( Gloeocapsa ) 54 ¢
b BB Y B S BN BB R ( Oscillatoria ) VY 22 3 J& ( Lyngbya ) , He v O $50F 258 32 22 5 Wy 24 801 3
(0. fracta) FELIREREE (O. boryana) ; &ERBERHI I T 2N ERBEIE (Nostoc ) B — Tl O £ SR BERHY = 22
TN YN TR 22 3 ( Planktolyngbya subtilis) , {HAN[RIFREAS 22 8] 1 3 0 4 A7 AE 25 57

M2 ATLUE R LR 3 1 R B (TG) W B i 3 £ 2 9 /NFP 7 1l vp o (0 LA - 28
REEEE(YT) LA Il 85 2 RERE (Y)) P& 11 Rk B2ERE 1 Ll b R IBCRE Y (YM) Bedg Ll i 1 50 9%
(YB) 947 14 FPig se 250, a7 1L b (YL) 547 10 DS R s b B St e e e o MR Iy A i, B
TEFE L A R FE M F RS T (TG) il b (LB 2R 5 45 B (YT) beAz Ll bRt ( YL) v i A
Z s K CORRBEAE A LU b B (LR 2RI S A5 B (YT) M Ll b AR A 7 (YMD) Ktz Ll vb L P RES (YB) HHAF
e, CIKEERHY HAR R RAAAE TR b, AR D s Wi 2B A e e T4 L b i 5 D ETR 25 B, HAE
tp B RO B 2 TITESR B LU R RS PR E T 45 Kb (TG) T8 KB k& 1) — DA e L
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IR (B - BERIR A A B (YT) Sl R (YL) FPRAEAE TR 4 BRI b A, ELYEAZ LI AR I %
FROEEZ TERT IR 6 DRSSP BR T 1l oh 3 (0 HLBE-BEIR B 45 B2 (YT) A A WU 1) 41 1 1 22 35
S Hsr 5 SRR 45 B I A R ATAE

F2 AEEMERPHIER
Table 2 Different biological crusts of cyanobacteria
JiES Species TG YT YM YB YJ YL A1t Total

@EREEFRL Chroococcaceae
LRI AR Microcystis aeruginosa +++++ +++++ +4++ ++ +4+ R

+E B3R EE Aphanocapsa muscicola +

Bad T35 Jm — Aphanothece sp. ++ +

1A= AT 3 Aphanothece caldariorum T+

K% AR E Chroococcus cohaerens +++ + ++

MUNAEREE C. minutus + +

SR EREE Chroococcus

RAABRIEE C. tenax

HERANEREE Gloeocapsa aeruginosa ++

WKL ERIE G. granosa +

HREREEJE — P Gomphosphaeria sp. +

[P J R R B G. aponina +

A FF B —F Gloeothece sp. T+

iR} Oscillatoriaceae

FL i Oscillatoria princes + ++
B Oscillatoria +

RYNEIHE O. acuminata 4

Wi B 0. fracta ++ + et + b
AL RE#EE O. boryana + ++ + ++
WL B 0. anguina +

ARLTLEEE O. rubeccens

BFIEIEE 0. willei

W] FC S 8 Phormidium allorgei +
M EHFE} Microchaetaceae

MEBEE —F Microchaete sp. + +

WORTEBE M. tenera ++ + ¥ 3
EREEF) Nostocaceae

TR B —FP Nostoc sp. + ++++ ++ +4++

B SEREE N, rivulare 44 +

TRVPESERTE N, Paludosum + ++ + ¥
IKAE R 2235 Aphanizomenon flos—aquae +

27 F R #E Anabaena variabilis ++

[E &R A, azotica +

i i #E8} Pseudanabaenaceae

MU ANSE 2238 Leptolyngbya valderiana + 1
T B Y22 Lyngbya hieronymusii + 1
TIPS 2238 Planktolyngbya subtilis ++++ + +4+ T4 +4 3
-S4} Merismopediaceae

H/NFE-Z43E Merismopedia minima + 1
iRl Scytonemataceae

EZ’T’T{#\]H@% Scytonema crustaceum + 1
7K ER PR Hydrococcaceae

JKER#EJE —Fh Hydrococcus sp. + 1
&1t Total 9 11 14 14 11 10

TG: moss-algal crusts from I. cylindrical community of Tongguanshan mine wasteland; YT : moss-algal crust of Yangshanchong mine wasteland; YM .

[ U T T S S Y Y PO T O )

e Y I N

moss-algal crusts from H. ramosissimum community of Yangshanchong mine wasteland; YB: moss-algal crusts from 1. cylindrical of Yangshanchong mine

wasteland ; YJ: moss-algal crusts from Z. sinica community of Yangshanchong mine wasteland; YL: bare wasteland
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DGGE 3% (P 1) KW ARF 5 19 [ CYAT81R (a) FIl CYA78IR (b) 1473 [F] — A= Wy 25 fe A S A5 2 1 2%
HPRLE A A RCR AR, 4 F W31 CYATSIR (a) B, 3501 W H R 750 9059 05 O 00 51 TG 3
A YM6 25 YJ3 45 YB2 55 YT 4 M YL 4 7% 2 FilE5 1908 CYAT81R(b) I 45 45 B A it A5 38 1 i 2%
WA TG 7 % YM 3 4% Y] 3 4. YB 3 % YT 9 %Ml YL 2 4

5T DGGE 3G h & VK1 25 8 5 52 FE AT RS B 29 T 4R 153 19 Shannon-Wiener Z2FEHEFR R (K] 2) & W],
Bk F A7 L b AR S 2 R T s B (YD) BR AN, TRl —RE T 2 B0 1 4 BT 3RAT 14 1 8 22 MR B AR B
AN, e ZER i (YL) A% L b R R TR AT (YM) |, LA CYA781R (a) 51904 14 T 45 31 f 1
ZREVERS B T LA CYATSIR(b) 51904 54 A5 3 ) 5 8 SR FE 0 A 1L o o (0 EBE KRS 45 12 (YT)
AP AERA (YB) UL WL B RS 1 5P s N R T (TG) , LL CYAT81R(b) 5119 14 fir 15 2 i &
B FEMEREHOR T L CYATSIR (a) 51404 5 T 550 1 i 2 FERE RS R
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