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A Candida albicans strain expressing GFP/mCherry:
construction and application in the research on
macrophage- C. albicansinteraction

HU Shaohua®, GE Jiaqi*, HAN Qi

School of Life Sciences, Beijing University of Chinese Medicine, Beijing 102488, China

Abstract: The phagocytosis rate of macrophages and the morphological changes of Candida
albicans are the key points in the research on the host-pathogen interaction. [Objective] To
construct C. albicans strains expressing the green fluorescent protein (GFP) or mCherry from
the wild type SC5314, and use them to study the interaction between macrophages and C.
albicans. [Methods] The effects of fluorescent protein expression on the growth, morphology,
and virulence of the strains in mice were determined. Under the co-culture condition, flow
cytometry and fluorescence microscopy were employed to determine the phagocytosis rate of
macrophages and the morphological changes of C. albicans, respectively. [Results] We
constructed C. albicans strains expressing GFP or mCherry. These engineered strains had
consistent phenotype with the wild type and could be used for flow cytometry to determine the
phagocytosis rate of macrophages and the morphological changes of C. albicans in co-culture.
[Conclusion] The constructed strains expressing fluorescent proteins provided a new method
for studying the interaction between macrophages and C. albicans.

Keywords: Candida albicans, macrophages; green fluorescent protein (GFP); mCherry; flow
cytometry
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AR RAW264.7 g B 1 E Rl B LR R 5%
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Table 1

A 2%3iheE; Bl S A /RZIER T YPD
PSR, SHAMIIA 200 pg/mL /R ZH %
1.1.3  FENHF LI

PEAEER Y . 2R R . D-A 20 B B IE W
Jb T 2L AT R 5 A PR F] 5 W R 22 % L RPMI
1640 357358, W A L R A RS ¥ LDH
YA FE AT £ | R e SE R 24 DNA $2EUR
M&, W H AR R R A RS A
CDI11b-PE, W H LT 4R A A BR A
Al B TAES, WA TBINIEIRSERHE A R A
Al PHIREEIR . THIREESRAR, WA R
)5 AEELOPL, WA R A RS
FRAH s sotEMdR, WA NIRRT
BRcH]; daCanpEqs, W H FACSVANTAGE SE.
1.2 EHRREAEE

P SRR FR 10 YPD WA 0, BT
30 °C. 200 r/min ¥R HEEFE 10 h, FRAFX L
o TETR 22375 5000, X BOW Y 1 SR
54 2 RPMI 1640 B5 571K, BT 37 °C IR 7 H5 7% -
RAW264.7 MR IEFRIED 10% K6 a4 MiE
i) RPMI 1640 5¢ 23552 H, JFE T 37 °C. 5%
CO, iU FRA h AT 57
1.3 RAIFIEKRIGE

ARSI 1 B SRR TR R L3R 1.

Candida albicans strains and plasmids used in this study

Strain or plasmid Relevant genotype Source
SC5314 Wild type [11]
Pac1-GFP RPS10/rps10::pACT1-GFP This study
Pacti-mCherry  RPS10/rpsl0::pACT1-mCherry This study
pAG6 SAT1-marked version of CIp10 [12]
pACTI1-GFP SAT1-marked version of CIp10 expressing GFP under ACT1 promoter and URA3 terminator This study
pACT1-mCherry SAT1-marked version of CIp10 expressing mCherry under ACT1 promoter and URA3 terminator ~ This study
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Construction and identification of the strains expressing fluorescent proteins GFP/mCherry. A:

aSAT
pACTI1-GFP

7547 bp

SC5314  P,.,-GFP

GFP s | MCherry

Cdc28

Figure 1

SC5314 P ,.r-mCherry i

PRI R A A PR 5 A B TR PR — B TE TR 22055
0. 1. 4h, Pacri-GFP. Pacri-mCherry FHtkHA
5B R — B 2 A KR (B 20). |
REERFIHDNE I GFP/mCherry AYZFRIA AR
M) 1 0 R T A A R Py BRE SRR R A
2.3 A‘ tZ& H GFP/mCherry FIRIEFT A&
= = yal:op-A

/H HEERE S /D R E R
RAW264.7 LA 3:1 #Y LI 3L 5% 4 h, jd i 4 At
By W mFL R A B (lactate
dehydrogenase, LDH)/GE!, i A (G S ERE X
WELN A EE T AR (] 3A), Az SR @R, A=
Pacri-GFP. Pacri-GFP [tk [0 To B 2514 25 5+

SC531
PAL i~

Q:

600 600

Marke
SC531

CaSATI

- -

Schematic diagram of plasmids pACT1-GFP and pACT1-mCherry. B: PCR identification of the strain genome.
Primer pair 1 is primer 1 (located in the ACT1 promoter) and primer 2 (located in the GFP ORF), primer pair 2
is primer 1 and primer 3 (located at mCherry ORF). C: Western blotting assay of the indicated strains. The
protein content of Cdc28 serves as the loading control. D: Fluorescence observation of Pacti-GFP and

Pacti-mCherry cells. Scale bar=12 pm.
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- SC5314
+ P, r~GFP
& P, -mCherry

0 10 20 30
t/h

P or-mCherry C

scs3is 0 0

RPMI 1640; 37 °C

SCs5314

P,..-GFP

P cr mCherry

2 REERA GFP/mCherry FIRIAXN BB SKEE KSRSHF N
Figure 2 Effect of expression of fluorescent protein GFP/mCherry on the growth and morphology of Candida
albicans. A: Growth curve. B: Growth assay in YPD plate. C: Observation of hyphal growth. Scale bar=12 pum.
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Figure 3 The effects of expression of fluorescent protein GFP/mCherry on the virulence of Candida albicans.
A: Detection of the killing rate of C. albicans against mouse monocyte RAW264.7 macrophage. n.s. represents
no statistical difference. B: Survival rate of mice in a mouse model of systemic infection. C: PAS-HE staining
of renal tissue sections. The black arrow indicates C. albicans cells; Scale bar=60 pm.

A B C D
10001 Q2] g 0221 10%ga:1 02z ] 0%
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GFP

B4 ERMRERDESIKENRIARA
Figure 4 Flow cytometry for phagocytosis of Candida albicans by macrophages. A: Wild type cells
co-cultured with RAW264.7 cells for 0 h without CD11b-PE labeling. B: Wild type cells co-cultured with
RAW264.7 cells for 0 h and labeled with CD11b-PE. C: Pact1-GFP cells co-cultured with RAW264.7 cells for
0 h without CD11b-PE labeling. Pacti-GFP cells co-cultured with RAW264.7 cells for 1 h (D) and 2 h (E),

labeled with CD11b-PE.
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Figure 5 Morphological observation of a strain expressing fluorescent protein GFP/mCherry in co-culture
with macrophages. Candida albicans SC5314 or Pacri-GFP and Pacri-mCherry strains were co-cultured with
RAW264.7 cells for 1 h and 2 h, and observed under a fluorescence microscope. The white arrow indicates C.
albicans cells, the black arrow indicates macrophages; Scale bar=12 um.
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