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1.1.1  /~D�x°345�Aspergillus fumigatus�

YJ-407�CGMCC0386)´!�	1234�ÑÒ¡¢
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;�<=~�l pCDA14 �xÈV1>?@¡¢Â
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�O, 0.05% ��P*0.1%çQ
, 0.03% KH2PO4*

0.07% K2HPO4*0.05% MgSO4, 0.001% FeSO4*0.0001% 

ZnSO4*pH 5.0"345�Ru CMUw 37S�� 48 h

@*�TbgÅ& 0.1% Tween 20� PBSlU=b�V

W 2X@YZ"� 100 μLTb[�(1×107Tb/mL) Í

³� 200 mL CM �u���	 37S*250 r/min��" 

1.1.3  ��\]l^_°
í6²�8 ÈX Taq DNA 

polymerasel T4 DNAÌÍ8a>bÑÒcê&
d

e�RNase® Plant Mini kitF	�f1 QIAGEN Sci.

de�gh8F>	1234ÑÒÒi¡¢Â��3
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Y'�45� TrpC Ôùb�y¸ÌÍ} EcoR�/Kpn�

��� pUC19	�� pchiGFP�g EcoR�/Kpn���� 

1.4 kb ¦Å&345 AfchiB1 �Ojkb(PchiB1)ÌÍ}

EcoR�/Kpn���� pchiGFP�� pchiGFP-Stu�g

overlap extending PCR���} AfphoA (XM745014) C-

I� 477 bp���D GFP� C-IcF��¿*�9�

¿ÌÍ} EcoR� /Kpn���� pchiGFP 	��

pGFP/PhoAcF�x"tunoÂg�Ò�r 1" 
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Table 1  Primers used for vector construction in this study 

Primer Sequence�5′→3′� Purpose 

PhoA-mid-5 GGCATGGATGAACTATACAAATCCGTGTCCGCGAACTGG 
PhoA-mid-3 CCAGTTCGCGGACACGGATTTGTATAGTTCATCCATGCC 

Construction of pGFP/PhoA 

   

pGT21GFP-N GGTGGTGATATCGCATGAGTAAAGGAGAAGAAC 
pGT21GFP-C GGTGGTGGGCCCTTATTTGTATAGTTCATCC 

GFP amplification for construction of pGT21: GFP 

   

ChiG-N GGAATTCGAGCCATTGCCTACATCCTTCAC 
ChiG-C GGGGTACCGCGCGCGCCTCCAGATCAGTAC 

PchiB15' amplification for construction of pchiGFP 

   

ChiG-CS GGGGTACCGCTGTTGTCGTTTCAGTCGAGCTTG Amplification of PchiB13�without signal peptide for  
pchiGFP-S construction 
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GTACCATGAGTAAAGGAGAAGAACTTTTCAC-3W>

X PhoA-C=5W-CGGGATCCTTAAAGCAGGTTTAGA- 

GCGAGTCC-3W>TYZ$< Taq DNA polymerase 

(Tiangen, China)-[ 30 \]^�_`=94a 30 s,    

60a 30 s, 72a 45 s>� 

    � 10 μg < KpnI/BamHI b���RS DNA <
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< TBS+0.05% Triton X-100 (TBST)�TBST+0.5 mol/L 
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� pGFP/PhoA � pCDA14 
�
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� 48 h&+,ntu$<� GFP�¬òOPk GFP$
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� 1  GFP ������	(A)
��(B)�
 
Fig. 1  Intra- and extra-cellular expression of GFP in A. fumigatus strain harboring pchiGFP (A) or pchiGFP-S (B). The conidia slurry 

of 100 μL (1×107/mL) was inoculated in 200 mL CM liquid medium and incubated at 37�with shaking of 250 r/min for 7-140 h. At 

intervals, the mycelia were harvested and analyzed under fluorescent light, using Zeiss microscope (×200) equipped with a 460- to 
480-nm excitation filter set, captured with CCD camera. The culture supernatant was taken and analyzed using SDS-PAGE. EC, ex-

tracellular protein; IC, intracellular protein. 
 

 
 

� 2  GFP/PhoA �������
�
 
Fig. 2  Construction and expression of the GFP/PhoA in A. fumigatus. 
In A, the C-terminal sequence used for the chimeric construct is 
shown. Bold letter indicates the ω amino acid that was predicted by 
the Big-Pi prediction program (http://mendel.imp.ac.at/gpi/cgi-bin/ 
gpipred.cgi). In B, PCR and Southern blot were carried out using 
genomic DNA isolated from strain PHOA-7. In C, the membrane 
proteins from strain PHOA-7 incubated at 37°C for 48 h were ana-
lyzed by Western blot. Anti-GFP polyclonal antibodies (Clontech) at 
1:1000 dilution was used for Western blot. 

2.3  GFP/PhoA �������	
�� 

� PHOA-7 ��� CM � 37��	
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�

� GFP/PhoA������
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 GFP ��$JKLM��4ANO
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	\�_`�	Fab8��TUVWX 2 h 7�
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g cd�����

���WX 36 h 79:;<hi5Q>����F

jklWX�	
m���noV4567LM

GFP9:�8�WX 2�76 h� GFP9:;<hi5

Q>��2A��WX�	 76 h 7��4ApPq

J;<�BC�rst� GFP/PhoAhi"D>��

2�E 4-A�FHjul�	
m�����2no

Western5vpwx 30 kDa� GFP/PhoA�WX�	

8 h7fJ�����2A� � 36 h$yzf�{

7|}~q�E 4-B�F��	A������Vn 
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� 3  GFP/PhoA ������	
��
 

Fig. 3  Expression and localization of the GFP/PhoA in CM. The conidia slurry of 100 μL (1×107/mL) was inoculated in 200 mL CM liquid medium 

and incubated at 37� with shaking of 250 r/min for 14-60 h. At intervals, the mycelia were harvested and analyzed under fluorescent light, using Zeiss 

microscope (×200) equipped with a 460- to 480-nm excitation filter set, captured with CCD camera. Plasmolyzed cell is marked with arrow. 
 

 

� 4  GFP/PhoA ��������������	
��
  
Fig. 4  Induced expression and localization of the GFP/PhoA in A. fumigatus. A: the mycelia were grown as described under Materials and 

Methods. At intervals, the mycelia were harvested, treated with 0.5 mol/L sorbitol and then analyzed under fluorescent light, using Zeiss micro-
scope equipped with a 460 to 480 nm excitation filter set, captured with CCD camera and edited with the image analyzer program Image (AxioVi-
sion Rel.4.6) (×1000). Plasmolyzed cell is marked with arrow. B: the membrane proteins from strain PHOA-7 cultivated at 37� after induction 

were analyzed by Western blot. Anti-GFP polyclonal antibodies (Clontech) at 1�1000 dilution was used for Western blot. 
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� 5  �� GFP/PhoA ��� 
Fig. 5  Analysis of GFP/PhoA in culture supernatant. In A, the 
PHOA-7 strain was grown in liquid CM at 37° for 24 h and then 
transferred to induction medium as described under Materials 
and Methods. After 0, 8, 36, 76, and 116 h of induction, 4 mL of 
culture supernatant were taken out and precipitated with 
4-volume of cold acetone. The proteins were collected by cen-
trifugation (12000 r/min for 20 min) and re-dissolved in 150 μL 
of 50 mmol/L Tris-HCl. 20 μL of each preparation were ana-
lyzed on SDS-PAGE. In B, the membrane proteins from strain 

PHOA-7 incubated at 37� after induction were analyzed by 

Western blot. Anti-GFP polyclonal antibodies (Clontech) at 1�

1000 dilution was used for Western blot. 
 

3  �� 

3.1  �������	
��
 

�������	
��
��������

���������� �������!"#$

%&'()*+,--5-.+/01�� pyrG 234

56� pCDA14�pCDA1478#$%9-/9:;<

=>?@ CEA17A�B�C9-/9:;�D=�E

34F=G78H[23]�IJKLMNOB78PQR

SP�T�UV&W�����#$%�����R

XYZ�[\]2^N_��`ab�LM���!

"B#$%cde���� 

Bf��cghij!k�l$%mnopq

1�� glaA rsHtPglaAuQ N-vwxy� pGT21

2LMB#$%cde GFP&IJK�zBl$%c

�{b|de}~��&[gh��� PglaAB#$%

c�����T&���������������
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e��¥ [27,31,32]&gh( pUC19 2¦��z&!

AfchiB1�rsH PchiB1Q§l$% TrpC¨^H©�
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à78áâ�(!"#$%���deÆ´����

7ã/ÝÞä����&å�(!"�~æÊ~��
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Leu�Ô�ß GPI��� C-vwxycω-4óω-1Þôè

ê�õö�÷�+tLysQ Argæøù` Lysu[3, 15,16, 26]�

�}&'¯ GPI�� C-v2úC Ser/Thr�ûü&ôK

��å�ýÝÞ"Ô�Õ&Bñòc 70%(E�Ô�

Õ GPI��� C-vC�þÒ 30%� Ser/Thr [9, 18~20]�

°J GPI ��� C-vûüQ C-vwxy���Ý�

Ô�ÝÞ�[Àñò GPI��ÝÞwxåOB��&

' De Sampaїoä[18]��&�� Gas1p(§
α-�)

o-1·�� Gas1p � C-vwxy�C�	
��

õö�÷�+&[�ù`���ÝÞ"Ô�Õ&Ù

Gas1pQα-�)o-1�
��úC Ser/Thr���&

�h�Ô�ÕÝÞwx�����N�*���}&

N�� GPI��BÔ�ßQÔ�ÕE�����&

�Ù� GPIwxQ���µ��î�� 

AfPhoA ���ijB#$%Ô�ßc��¢�

GPI��[21]&�A�Ô�Õc��[22]&��N�� 

ÝK��BÔ�ßQÔ�ÕEà�OB�!��

AfPhoA� C-vwxyc_�	
��õö�÷�+

ßÝÞwx&IJBω-3 Qω-5 �­� 1 `"#÷�

+t�­2 AlaQ Prou&[�Î°��"ñò�Ô�

ÕÝÞwx���À AfPhoA �ûü	
��A��

� C-v 150`÷�+$�c Ser/Thr�CÜIJT"

10%�Â�#Â&[�%&"ñòÔ�Õ GPI���
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Analysis of acid-phosphatase localization in Aspergillus fumigatus by 
a secreted chimeric green fluorescent protein as reporter  

Xiaomin Chen, Haomiao Ouyang, Guomin Tang, Aoquan Wang, Cheng Jin*  

(State Key Laboratory of Microbial Resources, Institute of Microbiology, Chinese Academy of Sciences, Beijing 100101, China) 

Abstract: [Objective] In yeast glycosylphosphatidylinositol (GPI) anchoring is a signal directing localization of GPI 

proteins to the plasma membrane or cell wall. Some of the cis-requirements for the localization of GPI proteins are now 

understood, however, little is known the signals directing distribution of the GPI proteins in filamentous fungi. Previously, 

AfPhoA, a GPI-anchored acid phosphatase in filamentous fungus Aspergillus fumigatus, was first isolated from the cell 

membrane and latter found to be associated with the cell wall. The actual distribution of the AfPhoA remains unclear. 

Meanwhile, the signature amino acid motif that determines the distribution of GPI protein in yeast is not found in the 

C-terminal sequence of the AfPhoA. We aimed to elucidate the cell distribution of the AfPhoA. [Methods] The green 

fluorescent protein (GFP) was used as reporter to track the localization of the AfPhoA. The C-terminal sequence of the 

AfPhoA was fused to the C-terminus of the GFP. [Results] We first constructed the expression plasmid pchiGFP, in which 

the N-terminal signal sequence of the A. fumigatus AfChiB1 was fused to the N-terminus of the GFP. After transformation, 

a secreted expression of the GFP was achieved in A. fumigatus. Based on this construct, The C-terminal sequence of the 

AfPhoA was fused to the C-terminus of the GFP to construct a chimeric GFP. After the co-transformation of the fusion 

construct with plasmid pCDA14, a transformant was confirmed to harbor the chimeric GFP in its genome and could ex-

press the chimeric GFP. The transformant cultivated with or without chitin induction could express the chimeric GFP 

mainly attached to the cell membrane, a prolonged cultivation led to a minor distribution of the chimeric GFP in the cell 

wall. Although a 30KD of GFP fragment, instead of an intact 43.5KDa chimeric GFP, was also detected in the culture 

supernatant, which might be released by the cleavage between the fusion protein and its GPI anchor. [Conclusion] Our 

results suggest that GPI anchoring determines the distribution of the AfPhoA in the cell membrane. In addition to our 

investigation of the GPI anchoring, an expression vector was also constructed, which would be useful for analyses of the 

function and regulation of the genes and proteins in A. fumigatus. 

Keywords: A. fumigatus; signal; glycosylphosphatidylinositol; localization 
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