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Figure legends 

Figure 1. Sequence information and expression pattern of DAZAP2. (A) The 

cDNA and amino acid sequences of DAZAP2. The sequence was subjected to an 

online SMART analysis. The SH2 (Yxxψ) and SH3 (PxψP) domain-binding motifs 

are respectively double and single underlined, the domain is boxed, and the DAZAP2 

domain is darkened. (B) The DAZAP2 domain and the length of its amino acid 

sequences. (C) Phylogenetic analysis of DAZAP2 and some representative proteins 

from vertebrate and invertebrate species. The neighbor-joining phylogenetic tree was 

built in MEGA v6 (n = 1000 bootstraps). (D) Tissue distribution of DAZAP2. RNA 

samples were extracted from healthy Eriocheir. sinensis crabs, and DAZAP2 

expression studied by RT-PCR (b-actin was the internal reference). Each sample was 

from at least three crabs, and the data are representative of three independent repeats. 

(E-F) Expression profiles of DAZAP2 mRNA in crab hemocytes after their infection 

with Staphylococcus aureus (E) and Vibrio parahemolyticus (F). RNA was extracted 

at each time point. qRT-PCR was used to check the expression of DAZAP2 in each 

sample, with b-actin as the reference. Shown as the mean ± SD. Three independent 

repeats were performed (≥ 5 crabs per sample). ** p < 0.01 (Student t test).  

Figure 2. Protecting the crab host from bacterial infection by DAZAP2. (A) 

Effects of RNAi on DAZAP2. DAZAP2 siRNA (siDAZAP2) was designed to knock 

down DAZAP2 expression, and its expression in crab hemocytes determined 24 h 

post-injection with siDAZAP2, by qRT-PCR (siGFP = control). Shown are mean ± 

SD from three independent repeats (≥ 3 crabs per sample). (B-C) Knockdown of 

DAZAP2 led to crab death. Crabs were each injected with 15 ug of siDAZAP2 

(siGFP = control) and their 5-day survival post-S. aureus (B) and -V. parahemolyticus 

(C) infection recorded from three independent repeats ≥ 10 crabs per sample. (D-E) 

RNAi of DAZAP2 increased bacterial proliferation in crabs treated as described 

above. From each, the hemolymph was drawn at day 3 post-S. aureus (D) and -V. 

parahemolyticus (E) infection and plated onto agar plates for bacterial counting. (F-G) 
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Bacteria induced high expression of antimicrobial peptides (AMPs). Hemocytes were 

stimulated by S. aureus (F) and V. parahemolyticus (G), with PBS as the control. (H-I) 

DAZAP2 regulates AMPs expression. S. aureus (H) and V. parahemolyticus (I) were 

used to stimulate DAZAP2-silenced hemocytes in vitro (siGFP = control). For panels 

(F) though (I) qRT-PCR was used to determine AMPs’ expression at 12 h 

post-stimulation, and shown are the mean ± SD from three independent repeats (≥ 5 

crabs per sample). ** p < 0.01 (Student t test). 

Figure 3. DAZAP2 affects the Toll signaling pathway. (A) DAZAP2 influenced 

Dorsal translocation from cytoplasm into the nucleus. Immunocytochemical staining 

detected Dorsal (left), Relish (middle), and Stat92E (right) translocations in 

DAZAP2-silenced hemocytes post-S. aureus and -V. parahemolyticus stimulation. 

The green fluorescence signal indicated the target protein’s distribution, while blue 

indicated the nuclei of hemocytes stained with 4’-6-diamidino-2-phenylindole 

dihydrochloride (DAPI) (siGFP with bacterial stimulation = control). The data shown 

is from three independent repeats. (B) Effects of RNAi on Dorsal. Dorsal siRNA 

(siDorsal) was designed to knock down Dorsal expression in crab hemocytes, with 

expression determined 24 h after transfection with siDorsal, by qRT-PCR (siGFP = 

control). Shown are the mean ± SD from three independent repeats (≥ 3 crabs per 

sample). (C-D) Dorsal regulates AMPs’ expression. S. aureus (C) and V. 

parahemolyticus (D) were used to stimulate Dorsal silenced hemocyte in vitro (siGFP 

= control); qRT-PCR was used to determine AMPs’ expression at 12 h 

post-stimulation. Shown are the mean ± SD from three independent repeats (≥ 5 crabs 

per sample). Different lowercase letters indicate significantly different means, at p < 

0.01 (one-way ANOVA) or ** p < 0.01, (Student t test). 

Figure 4. DAZAP2 interacts with Sav. (A) Two-hybrid principle (Y2H): Two 

proteins are expressed separately, with a bait protein fused to the Gal4 DNA-binding 

domain (BD) and the prey protein fused to the Gal4 transcriptional activation domain 
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(AD). (B-C) Tests for auto-activation and toxicity of pGBKT7-DAZAP2 (B) and 

pGADT7-Sav (C). (D-E) Confirmation of positive interactions between DAZAP2 and 

Sav, based on the Y2H (D) and the in vivo co-immunoprecipitation assays (E). 

Positive (pGBKT7-53/pGADT7-T) and negative (pGBKT7-Lam/pGADT7-T) 

controls were used in Y2H. SD: medium comprised of a nitrogen base, a carbon 

source, and a DO supplement for yeast. DO: dropout (supplement or solution), a 

mixture of specific amino acids and nucleosides used to supplement the SD base to 

make the SD medium; the DO solutions are missing one or more of the nutrients 

required by untransformed yeast to grow on the SD medium. DDO: double-dropout 

medium, SD/–Leu/–Trp. DDO/X/A: double-dropout medium, SD/–Leu/–Trp 

supplemented with X-a-Gal and Aureobasidin A. QDO: quadruple-dropout medium, 

SD/–Ade/–His/–Leu/–Trp. QDO/X/A: quadruple-dropout medium, 

SD/–Ade/–His/–Leu/–Trp supplemented with X-a-Gal and Aureobasidin A. 

Figure 5. DAZAP2 regulates the Hippo signaling pathway. (A) The upper panes 

show bacteria-induced Hpo phosphorylation. Western blot detected enhanced Hpo 

phosphorylation post-S. aureus and V. parahemolyticus stimulation at 0.5 h and 1 h in 

crab hemocytes, with b-actin as reference; bottom panels represent the statistical 

analysis of phosphorylated Hpo in the upper panels. (B) Bacteria inhibit Yki 

translocation from cytoplasm into nucleus in hemocytes, detected by 

immunocytochemical staining at 0.5 h and 1 h post-S. aureus and -V. parahemolyticus 

stimulation. The green fluorescence signal indicated the distribution of Yki; blue 

indicated the nuclei of hemocytes stained with DAPI (PBS = control). (C) Upper 

panes show that DAZAP2 regulates Hpo phosphorylation. A Western blot detected 

reduced Hpo phosphorylation post-S. aureus and -V. parahemolyticus stimulation at 

0.5 h and 1 h in DAZAP2-silenced hemocytes (siGFP = control; b-actin was used as 

reference); the bottom panels represent a statistical analysis of phosphorylated Hpo in 

the upper panels. (D) DAZAP2 negatively regulates Yki translocation from cytoplasm 

into nucleus of DAZAP2-silenced hemocytes, detected by immunocytochemical 
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staining at 0.5 h post-S. aureus and -V. parahemolyticus stimulation (siGFP plus 

bacterial stimulation = control). Green fluorescence signal indicated the distribution 

of Yki; blue indicated the nuclei of hemocytes stained with DAPI. All data shown are 

from three independent repeats. Asterisks indicate significant differences (* p < 0.05; 

** p < 0.01) analyzed by a Student’s t-test.  

Figure 6. Signal transduction of the Hippo pathway regulates AMPs’ expression. 

(A-B) Effects of RNAi on Hpo and Yki. Hpo and Yki siRNA (siHpo and siYki) were 

designed to knock down Hpo and Yki expression in crabs, respectively. The 

expression of Hpo (A) and Yki (B) in hemocytes was determined 24 h after siRNA 

transfection, by qRT-PCR (siGFP = control). Shown are the mean ± SD from three 

independent repeats (≥ 3 crabs per sample). (C) Hpo negatively regulates Yki 

translocation from the cytoplasm into nucleus. Immunocytochemical staining was 

used to detect Yki translocation at 0.5 h post-S. aureus and -V. parahemolyticus 

stimulation in Hpo-silenced hemocytes (siGFP plus bacterial stimulation = control). 

The green fluorescence signal indicated the distribution of Yki; blue indicated the 

nuclei of hemocytes stained with DAPI. The data are from three independent repeats. 

(D-E) Both Yki and DAZAP2 regulate Cactus expression. Yki- (D) and DAZAP2-(E) 

silenced hemocytes were treated with or without S. aureus and V. parahemolyticus 

stimulations, (siGFP = control). qRT-PCR was used to determine Cactus expression 

at 12 h post-stimulation. Shown are the mean ± SD from three independent repeats (≥ 

5 crabs per sample). (F-G) Hpo regulate AMPs expression. S. aureus (F) and V. 

parahemolyticus (G) were used to stimulate Hpo silenced hemocyte in vitro, with 

siGFP as control. qRT-PCR was used to determine AMPs expression at 12 h 

post-stimulation. Shown are the mean ± SD from three independent repeats (≥ 5 crabs 

per sample). Different lowercase letters indicate significantly different means, at p < 

0.01 (one-way ANOVA) or ** p < 0.01 (Student t test). 
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Figure 7. DAZAP2 and Hpo interact with different domain of Sav. (A) Illustration 

of the wild type and truncated Sav protein. (B) Interaction between DAZAP2 and Sav 

in vivo. (C) Interaction between Hpo and Sav in vivo. In both (B) and (C), lysates 

from S2 cells were transiently transfected with pAc5.1-Hpo-His or together with 

pAc5.1-SAV-V5, or with pAc5.1-SAV lacking the WW domain-V5, or with 

pAc5.1-SAV lacking the SARAH domain-V5; all were subjected to 

immunoprecipitation with anti-His Ab or anti-V5 Ab, followed by a Western blot 

analysis that was applied to the input controls. (D) Tri-molecular complex of Hpo, 

Sav, and DAZAP2. A co-immunoprecipitation (IP) assay showed the interaction 

between Hpo, Sav, and DAZAP2 in crab hemocytes. IgG was used as a control. Data 

are from two independent repeats.  

Figure 8. Schematic representation of DAZAP2-regulated antimicrobial 

activities in crab. Bacteria induced high levels of DAZAP2 expression in crab, with 

DAZAP2 subsequently binding to Sav, a core molecule in Hippo signaling, via the 

association of DAZAP2 and WW domains. This functioned to enhance the 

phosphorylation of Hpo, which in turn can also bind to Sav via the SARAH domain. 

Since the nuclear translocation of Yki was suppressed, the transcription of Cactus was 

inhibited, prompting the acceleration of dorsal nuclear translocation that induced by 

Toll signaling to up-regulate AMP expression. 
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