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P FLFEC A ZE R AR, R B W] DA 4 Sl 4T 2k
. BN A (hydroxamaces) . JLZ% iy AY
(catecholates) ., FRIREL A (carboxylates))FNR A Y
OURRPIPE R A .

AT HA A Y KRG, A Yk d
PRI I 25 TR AR T R o AR 8% I 104 Y SRR
P, BT A Y AR BT S R T AR L
B SCHRGE TR 78%) s BEXT AL M kA
FIBFSE G T BN (5 SRS T 1 9%) s T
B R BdPE PR B ELAZ A M R AR A 5 T Ak
T2H,

Hhbh, JRAE“Siderophore” H U4 M “BR K
R, SLhr b, BRI A YIFAR U R A Fe
HrERE; BTN, EIITGE A BT
LR B mESEETT LAYt
WE (LA ER MRk GRS HEE
VTP R A AR AR B ) B N
Hilt,

ST UL BT, FRATHT LR = i A e
WS T AR, B A RE ST &
SR A6 FLAR I T B, T Bk AR R T iR A
PRIRE o % TAE ik — 20 T R f 1 A 5% B P k3l Ak
WFFT B Bt

1 ARy

1.1 ¥

1.1.1 A58 : # K7 S (Chrome azurol S,
CAS), T R&EELEEBRILE (HTDMA) ZEDTA
(L ZReVa 2y, ¥ A v E B 25 48 A g i
AN AF . Desferal (HRS R 242k ) A 45 A il
2, [ AAE B AmberchromTM 161C (150 mg,
1 mL45) W F £ [E SupelcoA Al . LA E NI,
Hoh 5035 o0 [ =43 Hrali. LDZX-50KBA. U )
VK FERIE T i 2R Fas i) ; pHX-9272
MBE L 5 35246 I 1L 1 R Sl A B B 2297

BT SUKUN SKY-2102F% K T _F i FE4A H
TR F]; LAMBDA 35 UV/VissOLEETHIE T
3 EPerkinElmer/A F] ;. H 31{LSPEZHLUIX £ Rapid
Trace SPE workstation/ld F-2& [E] Zymark 2y 7] .

1.1.2  BE#R: A SCOOMKRELBE 73 25 1 2 B 44 Bt 18
TH-FEI (= 4 7Kk H.100°39'35" E,26°3527" N,
JeFEPH }18.85-9.05) LA KA~ IH K i o1tk 2 i 1 13
(103°18'12"" E, 23°18’48"' N, 3l +k:pHN
8.64-8.93).

1.1.3  3FFRE: (1) Rl (g/L): 8%
200, mEME20, BAE20, pHHAAR. BLHld Rt S
PRy PR E B30 min, R)E AL
U, (2) THRA R H 3R 2 (g/L): NaNO; 2.0,
K,HPO, 1.0, KC10.5, MgSO,-7H,0 0.5, FHEpH
30, pHH#K.

1.1.4 4£&KXFES (Chrome azurol S, CAS)B
W: FREL60.5 mgdk KTFS, #1550 mLE B F7K
H, RJEIMA 10 mL Fe’ ¥ (1 mmol/L FeCly-
6H,0, 10 mmol/L HCl), +IRAI, iC N
AW ; HRFEFRET2.9 mg 7S & ke SR Ak sk
(HTDMA) % 40 mLEE TK, il g5
ViR, 0B BJE AR S BIRZEIBIR G
5], BAPEXTREYI A . EDTA (L —MeMUZig), H5
PR SHR 20 A ) 1 ; Desferal (F iR 252k
Jie), S KT SYL R S H A0 N o

1.2 BEBRIFE

1.2.1 #: 1003234 (A% He15%150 mm)H1 53
BIBIALYS mLAY TOBA [ 573, 1.0x10° PaK iR
20 min, FREHIZEEG, KOOMRIE L B o
SERTE IR IR h REERMREE 2 E ).
28 °CHHE HEi 777 d, FrlEMIARE AR A K&
B 22K R B B AT EA TR e . 96 LA
FLHIA20 WL K SYM, Z 543 Bl A SF i
PR FRW o IR BT G S R SR M S 4% K
HSPMTRG, IR FEEA N f, &
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o B8 (0 I S SRR, KRR R N TR AR A R AR O R
PR AFEFNA TCER A [CRE TR IEAE A B X R
1.2.2 & 37300 Ik He15x150 mm)H 4
BIEIALYS mLIYTCRRRET 773, #£1.0x10° Pa F K
P20 min, RHEZR, WV 36K A
MR T LA T, R IR O A 1
SR, 28 °CH53R7 d, 96fLAR A AL A 40 pLYs
W, ZJE M SRR SR . gt B A
TR RGN SR E S A MRS, I0RIE
Hlapitd, I HHFRICE T B A0 TS
EFIR] o 200 €8 18 R AR b T i B [ K i i % ] 42
J R TR R RS G R T RN ERTR . AR
FIs 7S et DU B TR 7 SR AR 0 3 P AR AR ) o K S
I P SR . B 20 TR ) TR AR A A B2 0 A 3 TR
BRo AREERN TR IR ILAE B XTI DIt
FEDTA (5 5% K75 SYLIRLT 21 () F P e iR 2=
PR RS R (53 % DR T S Y R i 9 €8 ) VA PR X6 R
1.3 EMERREEYIL e 2 E

500 mLAFI H B/ %A 100 mL A8k A [
Fegedt, 121 °CK#20 min, B H 2 %65 HM
AR AR EM, 28 °C. 200 r/mind%FE5 d .
SRIG AT BIHLS mL35 3R 0.22 pm S FLIE BT g BR
W, ZJ555 mLEEKE SYBIRZIRS, ikl h
JE M2 FODggy (As), VAZEFK xR, HIAHR]
T 0 X RS At (R 2 TR AR 1) TG ke TR AR B 57
SR WOCIENE NS W E (A, BREUR R Bk
ARG PE PR (Siderophore unit, SU)ZEKRN,
SU=[(Ar—As)/Ar]x100%, AbHHFEE 3K, SUEM
K, FoRBRERTE R, — B BRI RE T 8
E T W AS/ ArEAL T0.5,
1.4 SEIERREE I E R0 25 R

1.4.1 REBREKBEICKRBN B (FeCly
test)"™'s 1 mLIEW T INA 1-5 mL 2%58 {4k i
AN N A R BT N F W E S SR SR R
Y. PSRN CEE TR, UNfE420-450 nm
22 8] B S0 DUt B A A S R R Ak 2k A
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142 JIEABRIGEREF AN (FeCl, test) ;
1 mLIER P AIIAL mL 2% 5 L8R, FH4EAMy
SECRETHAGIN , ANTEA95 nm Y I I g 0 D) 5 BH 77
FE LA Bk 3 A4
1.4.3 REREVRBARSEEEERIE (Spectropho-
tometric test)'”: 1 mLIER T HIA 1 mL 250 mmol/L
CuSO, AW A2 mL pH 4.0 R 2% i (847 mL
0.1 mol/LAffR+153 mL 0.1 mol/LESFEREN), FIL4k
AECEETREI, W7E190-280 nm:Z [A] H B Uk
W D50 A AR TR AR R AR
1.5 BRSBTS MY HSPEE £ E

W T Y AR BTSN R IR B B 42 )
B, WA TR SR . BRI
., AWFFORBUE A AL HU(SPE) Jr 1% & i B R 2k
BARTE D) BT ATALBE AT IS g, DAk AP
TRREATE YY) B A T, RS
Yoy e il TAESR MR . BT 0h
1.5.1 [FEMHZEBUEEE: 7505 mLH YR SPE
FEGR B 5.0 mL/min); RS mL288 7Kk
BSPEM:(F i i 5.0 mL/min), 25, KB
B 3%6 dJE B 1% 55 00 D 4% I (R LS 35 O 15 1)
1.3), {25 mLyEVR T SPEALH (AL S BB N
1.5 mL/min); AR ERRISCER (U5 A “T5+SR),
4 °CIR A H . SPEM#E—2 H 10 mL 2 &Kk
V(R % B 410.0 mL/min), #2J5 5 mLH
SPEAE - W BfHA i 158 B (JR i & 4 0.5 mL/min),
FH Sk o Y SR A B (45 S TR 5+ SE”), 4 °Cft
A
1.5.2 XRAE . FHEEIR6 dE Rl IE 4t
UEERRE RO 1.3), H25 mLIgWH ZWR L1k
HEP3W . MR CTFRAEBM G I WMEZE T, H
5 mLH BEIE il (i 5 TS +E”), 4 °CLR&

TR TAR?), 4 CCHUEE o
PA_E AR AR 3 1R P R SUL ORI o 712
[[1.2.1,
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1.6 EIMEKRNBILSREE
1.6.1 TEAPRMERGEMEE: 1 7 PR A il 20,
SRJGH200 pL¥ 5] 0 A 2 2 il 25 I PDA AR I 5
Z R AESEH B RL30—45° M Ak A B K 1Y 55 3%
R, SEMRTE28 °CHE 715 d, iRt RmA K
FHEMTHEZE AR EEI A LRI -5
It o FELF /N0 A BB A R 22 A4 K 55 3% 7 X
W, HCE TR E 105 mm2s B REFEA, 7525
IR TS dfs, S TR 2 RSR M4, BAT
PTG SR (F T B AR 75 ) . Quanta
200, FEIAH], M),
1.6.2 ITSEHEKP ESWE: PGS 5E3-5 mLE;
Y1, 13000 r/mingS.001 min, FIEFEIE, A
P DNASREUCARR300 uL . IAHERTTIE, 65 °C/Kk
%30 min, ARG ADT . FIEEQ24:1),
JEiRA), 13000 r/min5.0>5 min, B E3E, HnAZE
RSN EE, R4, 13000 r/ming.0>5 min,
LW, IMAT0%EESRA], 13000 r/mini.0>1 min.
O, FEEOE, BT IMA30 uL ddH,0,
FEDNA L RT3 FFPCRY Y 5l 20 °C
fFo Hirh, ITSEHPY BEPCR MR RAR N : 5L
10xKOD buffer; 5 uL 2 mmol/L dNTPs; 1 pL
Genomic DNA (100 ng/pL); 1 pL Forward Primer
(10 pmol/L); 1 pL Reverse Primer (10 umol/L);
1 uL KOD DNA Polymerase (5 U/uL); 36 uL
ddH,0, ¥ HEFRFEHN: 94°C3 min; 94°C30s, 58°C
30s, 72 °C 3 min, 35ME¥; 72 °C 10 min,
PCR™ W FH 1 %3 B i EE Me FRL DK HHEA T ARG, P
PHE1450 LR R YPCRIG #EAT =4 M)l . PCR
PR R R s IIAAAEHARFL(800 uL) Y Buffer
CP#I|1.5 mLE U (5 A PCRIUVARFI200 pL); Jil
FURY, RO ; R RS R
W AW AR (BE R 750 ul, B0 R, R
W, PRI A AW AT 0 13000 r/min
#01 min, FEEW; MIAT00 pLYEBIH , 13000

r/min&.0 1 min, FER; MAS00 pLPEA i ,
13000 r/min#§.001 min, FEEW; BRI AL
£, 2413000 r/minZ 02 min, DL BRI
R MR AR BB 1.5 mLE LA,
TEWZFAE FPAC A 30 uL ddH,O, ¥R JHE 1 min,
13000 r/min#5 .01 min, JERENE LA DNA,
PCRMEWIERETHAR . PCRIZY THAKE K R
4: 4 uL 5xReaction Buffer; 10 uL PCR Product;
2 uL pTZ57R/T Vector; 1 ul. T4 DNA Ligase; 3 uL
ddH,0. PCRIZYITEMIERT : BRES), M
BEL, 22°CHUE L h, EE- Y EER . BUR
2RI S A TOPL0, T VK g A
By, UK EICE 30 min, BET 42 °CKIB
90 s, AATHEZN, PREKEFEBKE 12 min, =
JEHCE S min, BFEINS00 nLEA Pt R A LB A
Rigedk, 37 °CHET%545 minE 7. 8000 r/min .0
2 min, # B E#800 L, HEJEWARAE
AmpPitE AR Lo PACE FERKT, BET
37 °CREFEM, WigR12-16 hK Bk . IHAT %
PCREEFIIY

1.6.3 ITSFFISMT: MIFHHIDNAJFSIZNCBI
(National Center for Biotechnology Information)
BLASTH| 848 5 K B SR 8 i 1T S £ A )7
5, HClustalX 1.8FM#HATHES . RGAE AT
IHEERTREE B A i, HISB4%EE (Neighbor-Joining
analysis)IJH RGE L BW . FF A% M Kimura’s
WS AT EY, Bootstrapi 46 47
1000 U o

2 #RAQA

2.1 FEERBRAR BRI LR

HRIGER KT SUSRRAA RIBTE N, OIRK E
B P 26 HH 36 MR B R AE I HLR, 248k
OB SAGLL N, TR B A, STROTE
@, PR IX36bR B 1R S 0 HARRRE
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2.2 PRI PRI - R

WRIITR, AR RS SRR 5% K TSPl
RA 5 AR R A B 75 B ], BRI MRFECH-
595. FECH-998. FEDT-145FIFEDT-866)" 444k
FTE sk, Hoh B FRFECH-595 FIFEDT-8665

CASYLIR N i S PREELT (6, B0 A8 A T it sk [
3903 s (LAEDTAX N Z%); TFRFECH-998 71
FEDT-145 5% R SY SO J5 S I 6, B (AR
LI RE IR 233k 4 s (DL IR 2240 BN 2%
PRI E$E iR At S T A E R IS BEF X 4

®1L FHRBEGERICFLIRE HLIEICR

Table 1. The re-screening record for siderophores producing fungi by using 96-well plate

AS FEDT-031 Red 9 C9 FECH-971 Orange 5
B5 FECH-595 Red 3 D9 FECH-954 Red 5
C5 FECH-356 Red 12 E9 FEDT-092 Purple 18
D5 FECH-406 Yellow 13 F9 FECH-244 Red 7
ES FECH-129 Red 11 G9 FECH-362 Purple 16
F5 FECH-378 Yellow 20 H9 FECH-473 Red 6
G5 FECH-140 Purple 20 All FEDT-045 Orange 8
H5 FECH-948 Orange 7 B11 FECH-357 Yellow 15
A7 FECH-410 Red 9 Cl1 FECH-325 Red 6
B7 FECH-420 Red 7 D11 FECH-221 Red 6
Cc7 FECH-135 Red 9 Ell FECH-464 Red 8
D7 FECH-998 Yellow 4 F11 FEDT-145 Yellow 4
E7 FECH-940 Purple 5 Gl11 FEDT-047 Orange 6
F7 FECH-461 Orange 7 H11 FEDT-005 Yellow 6
G7 FECH-957 Red 18 Al12 FEDT-014 Purple 7
H7 FECH-462 Red 8 B12 FECH-148 Red 7
A9 FECH-407 Yellow 25 C12 FEDT-076 Orange 12
B9 FEDT-049 Red 6s D12 FEDT-866 Red 3

Among the 96 well plates, the corresponding samples as Al, C1, E1 and G1 were composed with solution of “2% Desferal + CAS”; A3,
C3, E3 and G3 were composed with solution of “EDTA+ CAS” (CAS chromogenic reaction time=2s); B1, D1, F1, H1, B3, D3, F3 and

G3 were CAS blank solution.

2.3 EREREEATILE&NE

mFR2PR, Prikatk HERMSURIRT0.5, 1
AS/ABI/NT0.5, XU T Brita bk B Y
BRI TR
2.4 ETRERERERIARSETIR) A

Wz 3758, HERRFECH-595 Pk a2 #l
SRRV, FLE 3R TR BT A R A 5

actamicro@im.ac.cn

P25 PR TN AR AR XA IR IR VR 3R 1A

2.5 HETRERSGERAEEY R EELH
&40 5, BAKFEDT-145F# #RFECH-

59SHEFR P AR AR AT M B o3 B T AR AR IS AH 72

SR, TR AT V- A BT Bl R TR AR P

PRI, RIS U K 20K B 1 R T Pk AR 1

SPRPERRRL, FTREAETEMPE SRR G R
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FEDT-866}1% % & 1 A4 1 14 Ji 43 T 56 42 AN g FH i
2R A R B . AR WK TR R P W AR T R
K, WIEEEIAD AR PER B AL T 5 4R o i
P AKFECH-998, 2F 5 i1 HBEIA BIH 4> & 4 1)
RO . AT RBTESS FR R R TP AR AE 2RI 22 S 0K
MRS PEYI I

2. PAMEHSTSRE A EENE

Table 2. The quantitative determination of
siderophores produced by positive fungal strains

Strains ODgg0 The value of SU The value of As/Ar
Blank 3.843 (Ar) - -

FECH-595 0.575 (As) 0.850 0.150

FECH-998  1.465 (As) 0.619 0.381

FEDT-145  1.548 (As) 0.597 0.403

FEDT-866 1.254 (As) 0.674 0.326

#<3. PHMEEPRF SRS AR L 2 S5 A4
Table 3. The chemical structure detection of
siderophores produced by positive fungal strains

FeCl. test Spectrophotometric
3 test
; Peak at Peak at Peak at
Strains 4557450 nm 495 nm 190-280 nm
hydroxamacescatecholates  carboxylates
type type type
FECH-595 - - +
FECH-998 + - +
FEDT-145 + - +
FEDT-866 + - +
+: indicates absorption peak; - : indicates no absorption peak.

4. BBEMYRSPER £ IEHRELER
Table 4. The siderophore activity substances SPE
enrichment effect comparison of positive fungal strains

Strains R SR E SE
FECH-595 - - -+ 4+
FECH-998 ++ ++ +++ +++
FEDT-145 + _ S it
FEDT-866 +++ ++ + +

+: indicates CAS coloration positive; — : indicates CAS coloration
negative.

2.6 HIFEEHRAIP O TEYFEE

EIXTHFRFEDT-866, HITS DNAJTSIZNCBI
(National Center for Biotechnology Information)
BLAST 25 3R BCH A& fOITSHE 741,
ClustalX 1.88KF#EATHES . R GL K T i HEER
Bl A5, AP 4EE(Neighbor-Joining analysis)
MHERGLEW. HRGIHERTTIL, FPRFEDT-866
51‘/%7&%1‘5{%Aspergillus tubigensisCBS 134.48 ITSF
G e RAR U £ 5199.65% (K1) . Hii IR,
HIPRFEDT-866 5% U 1 75 Jm L L RUAFAE, 7347
THEH VR BT E 22T, T 22 R AR S ERR
2K (T 3% ) o P Ak o0 A= A 14 K A 5 RLBE A R
(K12). 1 ARG IS, ZE R E AT 2 IR
g, AL EER, RUEKFEDT-866)% T il
BB, HS5ERIE Aspergillus tubigensisHfl
IAPER

WAKFECH-595, HITS DNAJF4IZBLASTHY
RGP AR ITSE T8, M ClustalX
L8R AT HES , MBI R G K BR . 4
R EIN, WIRFECH-5955 Penicillium svalbardense
CBS: 122416197 5 f KAHUME I8 51199.46% (IK13)
P BEEER Y], RFECH-595 5 95 558 1
SLAVRRIE(E2), T AN U R i T, H Ay
AT RE L Z AL, 77 AR TLEE R RR B X AR
/M, R AT R moRIR, AT R, Ot
o EHPOLT IS, KEKRERTEEKA
. ZEULER, HEBRKFECH-595)8 TH %
JEEME, SPenicillium svalbardenseF8UNEE S -

B PRFECH-998, JITS DNAJF 4 ZNCBI
BLAST¥ZJm AR BUHC T g FITTSZE N 51,
ClustalX 1.88fFHEATHES, JHABHIEME R G AR
B, g5 ER, WAERFECH-998 5 Aspergillus
nomiusNRRL13 137/ 51 S AR BIPEEE]100%
(El4). FMHBBIIEER,, WIRFECH-998 5 B
B ELR L RUAFAE(1512),  F RO T MR R 2>
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Aspergillus piperis CBS 112811 (DQ900603)
Aspergillus costaricaensis CBS 115574 (DQ900602)
86 [— FEDT-866
Aspergillus tubigensis CBS 134.48 (AJ223853)
Aspergillus vadensis CBS 113365 (AY585549)
99 L Aspergillus foetidus CBS 564.65 (AJ280009)
| Aspergillus niger CBS 554.65 (AJ223852)
Aspergillus lacticoffeatus CBS 101883 (DQ900604)
L Aspergillus brasiliensis CBS101740 (AJ280010)
99 Aspergillus flavus CBS 100927 (AF027863)
Aspergillus ibericus CBS 121593 (AY656625)
Aspergillus carbonarius CBS 111.26 (DQ900605)
o4 | Aspergillus sclerotioniger CBS 115572 (DQ900606)

Aspergillus ellipticus CBS 707.79 (AJ280014)
492|_— Aspergillus heteromorphus CBS 117.55 (AJ280013)
Aspergillus flavus CBS 100927 (AF027863)

75

93

97

—_
0.01

B 1. SEAEMEEEFEDT-866 5 TITSERFIIEN R R L EH
Figure 1. The phylogenetic tree of fungal strain FEDT-866 with siderophore activities based on ITS gene sequences.
The tree rooted was constructed by Neighbor-Joining method with bootstrap values calculated from 1000 resampling.
The numbers at each node that indicated the percentage of bootstrap supporting. The numbers in the brackets after
each strain name are ITS gene sequence accession numbers in GenBank. Bar 0. 01 at the bottom is the sequence
divergence.

10 ym ——

label

01

4 [mag HFW | HV spot. WD | det 50 pm 7/172014 " mag AV spot] WD | det [— T
PM| 1650x 181 kv | 2000 kv 3.0 [11.5 mm ETD Jabel 9:06:11 AM 7000x |20.00 kv, 3.0 | 9.9 mm ETD| label

2. HREFEEERETEHRFESAE$1000-3000%)
Figure 2. The electron microscope of fungal strains with siderophore activities (magnification of 1000-3000x). A:
FEDT-866; B: FEDT-145; C: FECH-998; D: FECH-595.

actamicro@im.ac.cn



TREFERAE | YIS, 2016, 56(6) 1029

FECH-595
Penicillium svalbardense CBS 122416 (GU981603)
Penicillium ochrochloron CBS 357.48 (GU981604)
Pencillium ciegleri CBS 275.83 (GU981601)
4 Penicillium pulvillorum CBS 280.39 (GU981602)
Penicillium vasconiae CBS 339.79 (GU981599)
—— Paecilomyces parvisporus GZDX-TFR-A10 (DQ187954)
99 Penicillium vanderhammenii CBS 126216 (GU981574)
Penicillium penarojense CBS 113178 (GU981570)
Penicillium wotroi Penicillium wotroi

3 Penicillium araracuarense CBS 113149 (GU981597)
Penicillium simplicissimum CBS 372.48 (GU981588)
Penicillium simplicissimum CBS 328.59 (GU981587)

53 Penicillium mariaecrucis CBS 271.83 (GU981593)
Penicillium rolfsii NRRL 1078 (AF033439)

52
88

0.01

3. SKEAEMEEFECH-SSETITSERFFIMENREL BN
Figure 3. The phylogenetic tree of fungal strain FECH-595 with siderophore activities based on ITS gene sequences.
The tree rooted was constructed by Neighbor-Joining method with bootstrap values calculated from 1000 resampling.
The numbers at each node that indicated the percentage of bootstrap supporting. The numbers in the brackets after
each strain name are ITS gene sequence accession numbers in GenBank. Bar 0.01 at the bottom is the sequence
divergence.

72 | Aspergillus parasiticus NRRL 502 (AY373859)
88 Aspergillus parasiticus NRRL 3386 (HQ340110)
Aspergillus sojae ATCC 14895 (AY373867)

- Aspergillus transmontanensis cs20 (JF446613)
Aspergillus sp. NRRL 25517 (AF272574)
79 | Aspergillus pseudotamarii NRRL 443 (AF004931)

40 Aspergillus pseudotamarii TK31 (DQ467985)
65 — Aspergillus caelatus NRRL 25528 (AF004930)

Aspergillus sp. HA2-KHI (KF964040)

Aspergillus tamarii NRRL 20818 (AF004929)

Aspergillus sp. HA35-THA (KF964039)

Aspergillus tamarii NRRL 25565 (AF272576)
I Aspergillus tamarii NRRL 26066 (AF004932)

Aspergillus tamarii KUFS12 (JQ257030)
Aspergillus bombycis NRRL 25593 (AF104445)
| Aspergillus nomius NRRL 13137 (AF027860)
99 | Aspergillus sp. MS570 (JQ905782)

FECH-998
29 " Aspergillus sp. NOF10 (EU232743)

76

36

—
0.002

4. SEMAEEEEFECH-998E TITSEEFFIMEN ARG L ER
Figure 4. The phylogenetic tree of fungal strain FECH-998 with siderophore activities based on ITS gene sequences.
The tree rooted was constructed by Neighbor-Joining method with bootstrap values calculated from 1000 resampling.
The numbers at each node that indicated the percentage of bootstrap supporting. The numbers in the brackets after
each strain name are ITS gene sequence accession numbers in GenBank. Bar 0.002 at the bottom is the sequence

divergence.

A RSO, LAV HER, HERHIRRFECH-998 HHEFEDT-145, HITS DNAJF I ZNCBI
& T EEwE R, LS5 EEIMEUspergillus BLASTH# R 5 AR BUH A 8 MITSEE ¥4, H
nomius)FHITERE . ClustalX 1.8 A-#t17HES, FHSPIEIEME RS A

http://journals.im.ac.cn/actamicrocn



1030

Xiaolong Zhang et al. | Acta Microbiologica Sinica, 2016, 56(6)

B, G5B, WHRFEDT-1455 Penicillium
chrysogenum G617 H 5 KA £5199.5% (&
5)o A B EE R FRFEDT- 1455 B0 75 2 Jm EL 18
BUARVRAE (B12), T AN SO K T, 4r A4

TREIE, REABR ., BRI WEXZER S
AP REREA, A0 EER, HERIFEKFEDT-
1457 T & mw bk, H 5778 % Penicillium
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73 Penicillium raistrickii FRR 1044 (AY373927)
Penicillium raistrickii NRRL 2039 (AF033491)

—
0.01

85
58 ADenicillium simile ATCC MYA-4591 (FI376592)
Penicillium lanosum IBT 6619 (DQ267908)
Penicillium lanosum NRRL 2009 (DQ304540)
—— Penicillium ribium 1BT 16537 (DQ267916)
Penicillium jamesonlandense IBT 31984 (DQ267912)
69 L Penicillium swiecickii NRRL 918 (AF033490)
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99L Penicillium chrysogenum G6 (F1613114)
Penicillium scabrosum DAOM 214786 (DQ267906)
Penicillium soppii 1BT 18220 (DQ267918)
Penicillium brevicompactum NRRL 28120 (AY484916)
Penicillium decaturense NRRL 35636 (EF200091)

5. SREMAEMERFEDT-4SETITSEEFFIMENRG L ERN
Figure 5. The phylogenetic tree of fungal strain FEDT-145 with siderophore activities based on ITS gene sequences.
The tree rooted was constructed by Neighbor-Joining method with bootstrap values calculated from 1000 resampling.
The numbers at each node that indicated the percentage of bootstrap supporting. The numbers in the brackets after

each strain name are ITS gene sequence accession numbers in GenBank. Bar 0. 01 at the bottom is the sequence

divergence.
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Screening siderophore activity of four strains from alkaline
environment

Xiaolong Zhang, Yongxia Wang, Jiangyuan Zhao, Zhanggui Ding, Mengliang Wen,
Minggang Li’

Yunnan Institute of Microbiology, Yunnan University, Kunming 650091, Yunnan Province, China

Abstract: [Objectives] Siderophore is a low molecular iron chelate produced by microorganisms. It has broad
application prospects in medicine, environmental restoration, health food and other fields. According to the literature
survey so far, no siderophore was found from alkaline environment eukaryotes. Therefore, screening of fungi with
high siderophore activity is of great significance. [Methods] By chromium azure S coloration, we screened 99 fungi
isolated from Cheng Hai (an alkaline lakes in Yunnan province) and Datun alkaline tailings (Gejiu, Yunnan province).
By spectrophotometric detection, we investigated the strain capacity of siderophore and type of siderophore. By solid
phase extraction , we investigated the siderophore enrichment effect. Based on electron microscopy morphologic
observation and ITS gene phylogenetic tree construction, we identified the strain. [Results] Strains FEDT-866, FEDT-
145, FECH-998 and FECH-595 were siderophore high-yield ones. Except for strain FEDT-866, the siderophore active
substances were suitable for solid phase extraction (SPE). Strains FEDT-866 and FECH-998 belong to Aspergillus and
have higher similarity with Aspergillus tubigensis and A. nomius, respectively. Strains FECH-595, FEDT-145 belong
to Penicillium and have higher similarity with P. svalbardense and P. chrysogenum. [Conclusion] We isolated and

identified four fungi for possible siderophore production.

Keywords: siderophore, fungi, alkaline environment
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