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Abstract: The effects of host factors ADP-ribosylation factor 4 (ARF4) and ADP-ribosylation
factor 5 (ARFS5) upon Zika virus (ZIKV) infection in vivo were characterized by construction of
gene knockout mice via CRISPR-Cas9. Firstly, ARF5 and ARF4 genes were modified by the
CRISPR-Cas9 system and then microinjected into the fertilized eggs of C57BL/6JGpt mice.
Fertilized eggs were transplanted to obtain ARF4 or ARF5 knockout (ARF4KO or ARF5KO) mice,
and ARF4/5 double knockout mice were achieved by the mating between ARF4KO and ARF5KO
mice (ARF4KO/ARF5KO). Then, the mouse genotypes were identified by PCR to identify the
positive knockout mice, and RT-qPCR was employed to examine the knockout efficiency. The mice
were then infected with ZIKV and the blood and tissue samples were collected after 2, 4, and
6 days. RT-qPCR was then employed to determine the virus load, and hematoxylin-eosin staining
was employed to observe the pathological changes in the tissue. The results showed that expected
PCR bands were detected from ARF4KO ", ARF5KO”, and ARF4KO'"/ARFSKO '~ mice,
respectively. The results of mRNA transcription measurement indicated the significant knockdown
of ARF4 by 37.8%-50.0% but not ARF5 in ARF4KO " compared with the wild-type mice.
Meanwhile, complete knockout of ARF5 and no changes in ARF4 were observed in ARFSKO ™
mice. Additionally, completed knockout of ARF5 and down-regulated mRNA level of ARF4 in the
lung, kidney, and testis were detected in ARF4KO/ARF5KO"mice in comparison with the
wild-type mice. The virus load in the serum decreased in ARF4KO ™" mice, while it showed no
significant change in ARFSKO ™ or ARF4KO""/ARF5KO™ mice compared with that in the wild
type. Meanwhile, ARFAKO™" mice showcased no significant difference in virus load in various
tissues but attenuated pathological changes in the brain and testis compared with the wild-type
mice. We successfully constructed ARFAKO and ARF5SKO mice by CRISPR-Cas9 in this study.
ARF4 rather than ARFS5 is essential for ZIKV infection in vivo. This study provided animal models
for studying the roles of ARF4 and ARFS in ZIKV infection and developing antivirals.

Keywords: CRISPR-Cas9; gene knockout mice; ADP-ribosylation factor 4; ADP-ribosylation
factor 5
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Table 1  Primers and probes used in this study

Gene Primer name Sequence of primer (5'—3") Product size (bp)

ARF4 ARF4 F1 GGACTTGGTGAGAATGCTTCTG WT 7 656 bp
ARF4 R1 CAGCCTAGGAACAACAGTATGGA KO 307 bp
ARF4 F2 GGCATCCTTAGCCACATAATGAG WT 377 bp
ARF4 R2 ACCGATGGTTTCCTATCTGTGC KO 0 bp
ARF4 F3 CAGTATGGGATGTTGGTGGTCAA 125 bp
ARF4 R3 AGCTGCTCCTTCCTGGATTCTT

ARF5 ARF5 F1 AGCAGGAATGTCGCTTTGAGCCTT WT 1223 bp
ARF5 R1 TTCATTGCTGAACGTCAACACGG KO 326 bp
ARF5 F2 AGGATAAGATTCGGCCTCTGTGGC WT 324 bp
ARF5 R2 CCTGGTCTCACTTCTCCCATCTTGA KO 0 bp
ARFS5 F3 TGTTGGAGGCCAGGATAAGATTC 130 bp
ARF5 R3 CATCTTCTGGAGTTCATCAGCAGAC

NS5 ZIKV-ASF GGTCAGCGTCCTCTCTAATAAACG 147 bp
ZIKV-ASR GCACCCTAGTGTCCACTTTTTCC
ZIKV-Probe FAM-AGCCATGACCGACACCACACCGT-BQI1

ATG
witeone ) (- 32§

(WT) 1 2 3 1 6
ATG

Knock-out / :II i

®o) " .

°%CRISPR-Cas9 |:| Uncoding region D Coding region

E 1 CRISPR-Cas9 T §H ARF4 #1 ARF5 &g
BN R B4 2 TR B

Figure 1 The schematic diagram of CRISPR-Cas9
mediated establishment of ARF4 and ARF5
constitutive knock-out (KO) mice.
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Figure 2 Genotype identification of ARF4 and ARF5 KO mice by PCR. A: The schematic diagram of
genotyping strategy. Wild type: PCR reaction with primers-F1/R1 obtains a single WT band; PCR reaction
with primers-F2/R2 obtains a single WT band; Heterozygote: PCR reaction with primers-F1/R1 obtains a WT
band and a KO band; PCR reaction with primers-F2/R2 obtains a WT band; Homozygote: PCR reaction with
primers-F1/R1 obtains a single KO band; PCR reaction with primers-F2/R2 without product. B: Genotype
results of ARF4 KO mice. C: Genotype results of ARF5 KO mice. KO: Positive control; WT: Wild-type
control; N: Negative control; M: DNA marker.
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Figure 3 Genotype identification of ARF4KO/ARF5KO mice by PCR. A: The schematic diagram of

genotyping strategy. B: Genotype results of ARF4KO/ARF5KO mice. KO: Positive control; WT: Wild-type
control; N: Negative control. M: DNA marker.
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Figure 4 Detection of ARF4 and ARF5 mRNA levels in multiple tissues of KO mice by quantitative
RT-PCR. A: Detection of ARF4 and ARF5 mRNA levels in ARFAKO™" mice by quantitative RT-PCR. B:
Detection of ARF4 and ARF5 mRNA levels in multiple tissues of ARF5KO ™ mice by quantitative RT-PCR.
C: Detection of ARF4 and ARF5 mRNA levels in ARF4KO '"/ARF5KO ™~ by quantitative RT-PCR. All data
were expressed as X xS, Student’s t-test was performed to analyze the significance. *: P<0.05; **: P<0.01;
*Ex: P<0.001; ****: P<0.000 1.
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Figure 5 Detection of ZIKV infection in KO mice. A: Schematic diagram of the experimental design. B-D:
Detection of viremia of WT and KO mice at 2, 4, and 6 dpi by quantitative RT-PCR. E: Detection of viral
load in various tissue of WT and ARF4KO " mice at 2, 4, and 6 dpi by quantitative RT-PCR. F: HE staining
of ZIKV infected brain and testis collected from WT and ARFAKO " mice at 6 dpi. Scale bar=100 pm. All

data were expressed as Xt S, two-way ANOVA was performed to analyze the significance. *: P<0.05; **:
P<0.01; ***: P<0.001; ****: P<0.000 1.
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