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JE T A T A R T M B R A
AR LACT [ 30K & % 2 PLIE , A7 4 % 2% B
FEIR RS LACT [ He s A4 IR 4 T X A i 78 A2 i 40
(1% 1B B R0 G A 8 R N % GacAMP-PKA {7 5
S B U 1 1 (L T 2R I R R R B 4
VAR Wil 2 3 PR L T s VAT R AR s T
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tumefaciens-mediated transformation, ATMT) 1f &y — Ff
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732 73 9] > F U T3 00, 3 B BT 30 Bk 4 B 2 40
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KA KK & A7 A T-DNA # Do H ] Je ) PCR
(inverse PCR) #1205 £3 2] T 10 AN 96 1 245 B 1) 8 g
FAB AN BE K o BB Ah, 38 R L 3 Bk % HE 2 40 ) R
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LBA4404 FF B4500FOA [f) %1k, .
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(g e R B A R A A > BEHLEIY DNA bR
il ik 7 & (TaKaRa), R % W U1 B Xbae 1
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DNA &4 1 5200 wL Jx W& 5 1 3 1 (4°C) .
B0 L3 2 7= W 4 SR, Fl T-DNA 514 (p1-8
5"-ACTGGAACAACACTCAACCCTA3 Il pl-A 5°-TG
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AACCTAAGAG3"F p2-A 5-CGCACAATCCCACTAT
CC3") ¥H47 X 1) PCR ¥4, PCR =&V 5 Y
GenBank ¥4 22 v 1) Ko sk /9 BEW Py v K1) o 1) ) 41 ik
AT HEX» iff o 5 HE TR

2 4R

2.1 Z3T#;{K (binary vector) pBI121-URAS5 A9 #4
#

i e AR e HE Rl URAS (1.9 kb) 2 5 3135 1F 5 i
TR FE MR AL - pBI21-URAS J& URAS 45t Xba | #
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Fig. 1  Construction design of binary vector pBI121-URAS.
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ATMT 52— FhAE 8T 7R B8R 1 B v I 2 D 1Y)
Few A i 77k Y XA AT R A A
BEALYEARSOE PE o 4% IO Ry ik b 38 10, 5 A7 i
$i pBI121-URAS (K4 ¥ A& AT B LBA4404 F1 37 A4 [
BRI R BASOOFOA 7E 25°C 4 FHLRE 72 he KAF
R AT TR S 200 I PR 98 5 0 A e A T2 0 0 B O 32k 1% 9 2k

JEC21 LzZM1 LZM2 LZM4

ERFR3 -5 de W ATMT 2 7 N HREL N
200000 (¥ Bl LS A2 SCHE o ML T 30 BR A %
WL PR8I R AR . W B 2 T s s A e I 7 26 W
ST A B 2 P AR bR 0 T v S DL R (B B
O G IR ) 2 1 LIR30, i B AR Y JEC21
T v U S B o T A 2 B 2 T R AR R
(1 348 I 7 ) S 19 8 T o K ] A B ) S A
PRt oy B e e Jn T2 — B AR .
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Fig.2 Melanin biosynthesis assay of glucose derepression mutants of C. neoformans. LZM1,2,4,6,11,14,16,17,
18,19,20,21,28,33,36 and LZ5,6,7,10,11,12,14,18,23,24,27,29,30,35,36. The wild type strain JEC21 as

control.

2.3 HEMEMNGIRT kP T-DNA 2 # U=
H 83 %

i3 Southern blot > #ff & i % ¥ 2 BH & 58 4% Bk
o T-DNA (195 DU K. $RHCAR BRI HE I 40 DNA, 22
it Xba 1T § 46 J5 T Southern blot 4 #1. J5i ki
pBII21 () T-DNA 5 A 8 4» 45 A K I, i %5 b 2 40

228 Bk b, LZMI 1, LZM28, LZ12, LZ24 1 LZ27 4
% % U T-DNA, H R RA S A 8 I T-
DNA . i % Bl 22 400 1) 58 A8 Bk o o 98 DL E R Ok
83% (25/30) (& 3) o T-DNA [ 542 UL4E A 2 i
RAL KL K 2 b5 e g B 8 11 G B
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Fig.3  Southern blot analysis of glucose derepression mutants of
C. neoformans. LZM1,2,4,6,11,14,16,17,18,19,20, 21,28,
33,36 and LZ5,6,7,10,11,12,14,18,23,24,27,29, 30, 35,
36. The wild type strain JEC21 as control.

2.4 REBEERENIEBRENEHER

W3 1) PCR 3R 745 40 25 #2240 1 9 A2 bk T-
DNA 15 5% il J¥ %]. PCR = ¥ & W ¥ J5, 5
GenBank 45 2 1f) 7 S EAT LE X R 1 2 )
0 M IR AR T 2 B TR R I R A R . R
R T RARRE LZ11 2 Ak, oAb s AR bk LS A —
A~ T-DNA # D1 fH 1347 1 2 5848 kk LZM6, LZ7
F1LZ18 i, T-DNA H: 3Kk T LACI ()3 3 1, i W
ATMT 75 T 6 1 B 23 B 56 9 b il S . n |
4 i, S2AR Kk LZ7, LZ18 Fl LZM6 | T-DNA [f) 4
AL 5543 G A TR U % A - B 1412 bp, 1172 bp
581 bpo 25 WYL LACI & 4f % 15 7 1 L Wif 7
HI AT 2 A WO AT 25 R ) 00 ) DR IR A A A .
BT B BT 25 k& T-DNA 5385 DU % 25 Bl 25 40 61
SR HE HUIRAG T 12 Fk T-DNA 55 IS¢ AR bk
P T-DNA (55 %) (£ 1) o J5U IR AT BE 2 A oA 3
fib 13 #k T-DNA Fu 45 D15 A8 Bk 1) 25 A 41 DNA £
Xba | WD) B %E 5 19l BEKOK, 1@ %5 J5, PCR 97
BRBEAS BT F B, X o ATMT J7 ik i — A
T -

F1 KBEAENIBRENHER

Table 1  Genes for glucose repression of laccase
Stain GenBank accession Desription Chromosome No. of introns Protein (aa)
LZM4 CNA00510 Citrate synthase 1 5 464
LZM6 CNGO1240 Lacl 7 13 624
LZM14 CNF02350 Stpl 6 5 594
LZM17 CNB02480 GPI anchor biosynthesis-related prorein 2 6 273
LZM19 CNB04050 Glucose-6-phosphate isomerase 2 5 556
LZM33 CNI03250 GPI anchor biosynthesis—related prorein 9 3 598
LZM36 CNJ00820 Tetraspanin family 10 4 533
LZ5 CNDO01920 PKCHike superfamily 4 5 945
Lz7 CNG01240 Lacl 7 13 624
LZ11" CNA06260 GTPase-activator protein for Rho-dike GTPase 1 10 810
LZ18 CNGO01240 Lacl 7 13 624
LZ23 CNH02270 Chintin synthase 3 8 4 1423
LZ29 CNI02660 Integral to membrame protein 9 2 768

Annotations were obtained from NCBI database (http://www. ncbi. nlm. nih. gov) with additional hand editing based on BLAST searches.

* Based on Southern bolt, mutant LZ11 has two T-DNA insertions, but only one locus was identified.

LZ7 LZ18 LZM6
-1412 -1172 -581 0
ATG

4
Fig.4 T-DNA insertions in the promoter of LACI.

2852
TGA

I #k LZM6, LZ7 #1 LZ18 & T-DNA 7£ LACI B2 F BB &
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GEAZ B LZM14 1 T-DNA B3R T 478 1R 2 1 g
SERE BT IX o KRR A IR S 5 6 B TR IG FA I
o RN, AL ST I A R IE 20 1R RN AR
PP R A Ao SSAS KR LZM14 1 T-DNA B 3K T
STPI JEP () ORF. 7 M B sk % £ b Stpl 2 518 45
2 A0 1 W Y o AR Bk LZMLT7 A1 LZM33
T-DNA B IR T WA 7 4 DR EK) R ) 71X, 3 3 A ik A
%5 GPLJS R I & i o S84 bk LZM19 1 T-DNA
R IR T 461 740 -6 0% 1 S A0 I TN () B B T IK . 5
Ak LZS o T-DNA R T — AN F R 05 8) 71X
AL JE T PKC B 5K . 9848 4k LZ11 H T-DNA
WK T GTP B s T 2E B ORF. 5848k LZ23
T-DNA 38 T JL T B & il CHS3 1) 3 11X 27 .
AR LZ29 Hh T-DNA I8 7 — /N Hi 54 1) ORF,
G IE N G i — Fh B 2 1. 9848 Bk LZM36 1 T-DNA
B BEIR T — AN B 5 (1) ORF, %35 B g 1 Tsp2 UK
B E A KK . BERB AN HERNIS, T-
DNA 5 {6 i) T 0 58 35 B8 #6903 3 11X (9713) &

3 itk

B Y B BRI RE AT DL AR K R R, (H S LR
W F) 25 RS2 ) T80 4 0 A B T S
2 T o] 1Y I A (M HL A RATTA L ATMT #
BT AN R 200000 [ BE AL AR SCPE . fE
VA P 7R W 4 PE R O O B T 30 R T 2 R 2 4 1 58
k. I R ) PCR #1203k 43 T 10 AN 1M ] 25 bl
(1 8 g 2 3 F A IR o 3B R B 3 BR S AR Bk b T-DNA
IR T LACT 1) )3 8l 1 DX e A o T 26 B £ 41 o) E81
(¥ &5 & 07 5o

ATMT 78 3 B Ra Bk i B JEC21 A AL R K
1/5600, 7 B4500FOA wh (¥ % 14 %k % Ky 174602 .
AT BASOOFOA 1y 52 AR B, 153 2 1 %8¢ i 1) e
3R (1/610) « ATMT =4 ) T-DNA 2748 H A5 fifi
MU B2 e PR R0 B4 DL o AT 43 25 3] (1) ] 25
Bl 40 AL KA T Southern blot 43 #7 . 45 & I
83 % 1) ] %5 B 22 I S AR MK 5 A7 B A T-DNA 45 0L,
T-DNA (1585 DU N ) TRAB R %8 E. X
I PCR 45 JLid ke B T-DNA A 1] - 4 56 BT fg
X (9713) o 1% 45 F Ut W] 76 B AL K BR 1 BF

ATMT 75| 2 58 4% 1) it L2 & A6 ) o T-DNA 5878 i
oA T IR 58 AR R A S 1 T-DNA 6 A 2R 3%
1 1Y 5 R ) 2 9 2 AR KIS AR 2 5t BB AL
AR . ATMT 3& & #4) £ K 7% & 1) B HL 58 48 SC 1%, H
REHUMAMERZ » (LB zR) , UF
IXFE A RRAR 25 2 1) D o 0 6t AT A 1) S AR g

A5 B 22 S AR bR LZT, LZ18 Fi LZM6 f T-
DNA 3R T LACT WA 371X o 4l AL 5053 AL T
UG B0 T #1412 bp, 1172 bp 1581 bp (& 4) .
S5 UL LACT 08 300 1 10 B 7 51 & 2 A K
SRR 2B 1 A0 5 R 7 IR A T e TR AR N A 2 B
B2 2 A R B AL B Bk BEALVE 2 DY) LACT 246
BT U2 kb ARG X M T ALY . i
TR BLIX2 kb1 A g 5 X P 75 A 9 AN 39 9 R 7 45 &
N R A TR A e JRATT IR S &5 Ak
—BUEW T LACI & UG 85 7 B2 kbR g i X 7%
A 06T 25K TR S TR T 45 B A

WL H 58 T 10 AR 567 26 W5 14 ¥R Tl 4 1k 41 61
BN o @it 5 NCBI o 8 o Hois e o R B e A A
A ANTE IR T A8 e D5 AR Chy B 18 & 1 I8 R 4] 25 1 —
O IR 7 K W) 5 [ BE & R (Stpl) 5 JL T & K
(Chs3) ; GPT IR 46 & A0 41 ML fs 5 1% b 4555 . H12P
B X 10 AN IERGE T — P 5 k.
CNJ00820 (LZM36) &A1 T\ 48 18 i 5 1) il b 73 3 T
E— I UE . 7RI 2 A HO9 h CHS3 58 ) i % )
VNG YR BT O o % W] Chs3 SR A
)7 AR Rk . R T B R ), LZM36 SR
PRk — 20 5 » R DU 4 1 58 2 11 Tetraspanin JE [A]
TSP2 #: 4 N ) T-DNA #% Wy ( Applied and
Environmental Microbiology, In revision) . Tsp2 ] ¢
S5 T WA G T T ] 8 % E % R
— AN

TEARBEFUH TATE A ATMT %5 10 A
AR T 7 B 1) VAR T A S A R TR o X e 5 K AT D
T 7 B 1Y e TR e B e R R VR R 0A 1L
il 1) Iy e A ) T A P A T E R St

Z 2 3LHR
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Agrobacterium tumefaciens-mediated transformation
(ATMT) for the screening for genes involved in laccase
glucose repression in the pathogenic yeast Crypftococcus
neoformans

Zhongming Li, Jiao Pan, Xudong Zhu
Department of Microbiology, College of Life Sciences, Nankai University, Tianjin 300071, China

Abstract: [Objective] To identify genes in glucose repression of laccase in the human pathogen Cryptococcus neoformans.

[Methods] We created a random insertional mutagenesis library containing over 200000 transformants by Agrobacterium
tumefaciens-mediated transformation ( ATMT). We screened the glucose derepression mutants under high-glucose
condition and obtained the genes for glucose repression of laccase via inverse polymerase chains reaction (PCR) .
[Results] Totally, we isolted 30 glucose derepression mutants from the library. We found that that 83% of the mutants
contain a single T-DNA via Southern blot. We preliminarily identified 10 genes, which fall into a broad range of biological
processes including: carbohydrate metabolism, sterol biosynthesis, chitin biosynthesis and glycosylphatidylinositol (GPI)
anchor biosynthesis. Additionally, we found that three glucose derepression mutants have a single T-DNA insertion in the
promoter region of LACI, which encodes cryptococcal laccase. [Conclusion] As an effective way, ATMT can be utilized
for identifying genes in glucose repression of laccase, which sheds lights on the roles of laccase in virulence and provides
information for laccase production in industry.

Keywords: Cryptococcus neoformans, Agrobacterium tumefaciens-mediated transformation (ATMT) , laccase
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