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Abstract: Background: Age-related macular degeneration (AMD) is a complex disease with a pathophysiology that 
remains incompletely understood. PCSK7 is closely related to the normal development of ocular tissues; however, 
the roles and mechanisms of PCSK7 in AMD have yet to be elucidated. Therefore, the purpose of this study was to 
investigate the specific manifestations of PCSK7 in AMD. Methods: An AMD cell model was established by using 
hydrogen peroxide (H2O2)-treated ARPE-19 cells. The efficiency of PCSK7 overexpression was analyzed by western 
blotting (WB) and quantitative reverse transcription PCR (RT-qPCR). Subsequently, a Cell Counting Kit 8 (CCK-8) 
assay was employed to assess the proliferation of ARPE-19 cells, while flow cytometry and immunofluorescence 
were utilized to examine apoptosis. Iron accumulation and glutathione (GSH) levels in cells were measured using 
Enzyme-linked immunosorbent assay (ELISA), and WB was conducted to evaluate the expression of anti-ferroptosis 
protein. Finally, JC-1 staining was performed to assess mitochondrial membrane potential. Results: Overexpressing 
of PCSK7 enhanced the proliferation and inhibited the apoptosis of ARPE-19 cells treated with H2O2. Additionally, 
increased PCSK7 expression suppressed intracellular iron levels and GSH content, thereby inhibiting the ferropto-
sis process. Furthermore, overexpression of PCSK7 restored mitochondrial membrane potential, alleviating H2O2-
induced mitochondrial damage. Conclusions: PCSK7 might be one of the targets for the treatment of AMD through 
the regulation of retinal epithelial cell death.
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Introduction

Age-related macular degeneration (AMD) is the 
leading cause of low vision and even blindness 
in the elderly population [1]. The clinical symp-
toms of AMD are distorted linear vision, the 
presence of a central dark spot, and reduced 
central vision [2, 3]. These symptoms signifi-
cantly impact the health of the elderly popula-
tion worldwide. AMD is a complex disease, the 
pathophysiology of which is not fully under-
stood. It has been found that there is substan-
tial cell death in the aging retina, including 
pyroptosis, necrotic apoptosis, and autophagy 
involving retinal epithelial cells [2, 4, 5].

Ferroptosis is a newly identified, iron-depen-
dent, regulated cell death pathway. It is trig-

gered by lipid peroxidation, characterized by 
iron-dependent accumulation, and is morpho-
logically and mechanistically distinct from 
apoptosis and other regulated cell death path-
ways [6, 7]. Recent studies have found that 
human retinal cells with concomitant iron accu-
mulation and lipid peroxidation could promote 
cell death, thereby contributing to the patho-
genesis of AMD [8-10]. Therefore, reducing fer-
roptosis and other related cell death pathways 
in retinal epithelial cells is an important strate-
gy for the treatment of AMD.

The proprotein convertases (PCs) constitute a 
family of nine serine-secreted proteases that 
regulate a wide range of biological processes in 
both healthy and diseased states [11]. The sev-
enth member of this family (PC7; gene PCSK7) 
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is a ubiquitously expressed protease with 
potent physiological roles. PCSK7 was involved 
in the regulation of lipoprotein metabolism. 
PCSK7-induced degradation of apoA-V inhibit-
ed the increase in adipocyte LpL activity, there-
by decreasing the TG stores in adipocytes [12]. 
PCSK7 has been reported to be closely associ-
ated with normal eye development. For exam-
ple, previous studies have shown that PCSK7 
deficiency in zebrafish leads to defects in sev-
eral organs, including the brain, eyes, and ear 
sacs [13]. In addition, PCSK7 also regulated 
global iron homeostasis, either by directly 
affecting solubility, regulating the level of 
expressed hemojuvenin (sHJV), which regulates 
iron-modulating hormones, or by maintaining 
iron homeostasis through the direct shedding 
of hTfR1, or indirectly through the activation of 
iron-modulating hormones [14]. However, the 
role of PCSK7 in AMD disease is poorly report-
ed upon and the mechanism is not clear. 
Preliminary sequencing results from our group 
revealed that PCSK7 expression levels were 
significantly altered in H2O2-induced retinal pig-
ment epithelial cells, suggesting that PCSK7 
may be involved in the regulation of AMD.

In the present study, we found that PCSK7 
inhibited oxidative stress-induced apoptosis, 
ferroptosis and mitochondrial damage in hu- 
man retinal epithelial ARPE-19 cells. As a result, 
it promoted cell proliferation and ameliorates 
the progression of AMD.

Materials and methods

Cell culture

Human retinal pigment epithelial ARPE-19 cells 
were brought from American Type Culture 
Collection (ATCC, Manassas, VA, USA). ARPE-19 
cells were grown in DMEM/F-12 medium (Gibco, 
New York, USA) at 37°C in a humidified environ-
ment that contained 95% air and 5% CO2 and 
was supplemented with 10% FBS and 1% strep-
tomycin/penicillin. Cells with a confluence of 
80-90% were chosen for culturing and subse-
quent testing. Then, cells were divided into 3 
groups: MOCK group (without H2O2 or lentivirus 
treatment), H2O2+NC group (treated with H2O2 
and transfected with control lentiviral vector), 
and H2O2+PCSK7 group (treated with H2O2 and 
transfected with overexpressing PCSK7 lentivi-
ral vector). Subsequently, 400 µM of hydrogen 
peroxide (H2O2, Sigma-Aldrich, St. Louis, MO, 

USA) was added to the cells and they were incu-
bated for 6 h. Finally, experiments were per-
formed with H2O2-treated cells.

Lentiviral infection

PCSK7 sequences were amplified using poly-
merase chain reaction (PCR). The PCSK7 
sequence was subsequently cloned into the 
pCDH-CMV-MCS-EF1-copGFP vector (LV-013, 
GeneChem, Shanghai, China) using XbaI and 
EcoRI restriction enzymes to construct a PCSK7 
overexpression lentiviral vector. A blank pCDH-
CMV-MCS-EF1-copGFP vector, named NC, was 
selected for the control group. Overexpression 
sequences of PCSK7 are shown in the 
Supplementary Material. After treatment with 
H2O2, ARPE-19 cells were transfected with 
PCSK7 and NC lentiviral vectors in the pres-
ence of 5 g/mL polybrene (Sigma-Aldrich, St. 
Louis, MO, USA), and then selected after 7 days 
treated with puromycin (Sigma-Aldrich, St. 
Louis, MO, USA), with cells resistant to puromy-
cin being isolated for further studies.

Cell Counting Kit 8 (CCK-8)

Cells from the H2O2-treated ARPE-19 cell line 
were transfected with a lentiviral vector before 
being placed in a 96-well plate at a density of 
2000 cells/well. Then, a solution of Cell 
Counting Kit 8 (CCK8; Beyotime Institute of 
Biotechnology, Beijing, China) was added and 
left for 1 to 5 days. At various time points, the 
OD values were measured at 570 nm using a 
microplate reader (M2009PR, Tecan infinite, 
Australia).

Apoptosis detection

ARPE-19 cells transfected with PCSK7 or NC 
lentivirus were inoculated in 6-well plates at a 
density of 2 × 105 cells/well and cultured. Cells 
were collected and stained in Annexin-V/PE 
Apoptosis Assay Kit (eBioscience, Thermo 
Fisher Scientific, Waltham, MA, USA) for 25 
minutes at room temperature and protected 
from light. Stained cells were analyzed for 
apoptosis using a FACSCanto II flow cytometer 
(BD Biosciences, New Jersey, USA).

Immunofluorescence

For immunofluorescence analysis, cells were 
cultured in 6-well plates and fixed in 4% formal-
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dehyde for 30 min and permeabilized with 0.1% 
Triton X-100 (Sigma-Aldrich) for 10 min. The 
fixed cells were then blocked with 5% BSA  
for 30 min at room temperature and incu- 
bated overnight at 4°C with antibodies target-
ing PCSK7 (1:200 dilution; 12044-1-AP, Pro- 
teintech, Wuhan, China) or Caspase3 (1:200 
dilution; ab208161, Abcam, Cambridge, UK). 
Then, cells were incubated with secondary  
antibody Goat Anti-mouse-FITC (S0007, Affi- 
nity, Changzhou, China) or Goat Anti-rabbit-
Fluor594 (S0006, Affinity, Changzhou, China) 
for 1 h at 37°C and counterstained with  
DAPI (Sigma-Aldrich, St. Louis, MO, USA) for 10 
min. The cells were then visualized under a 
Fluorescence microscope (Zeiss, Jena, Ger- 
many).

Enzyme-linked immunosorbent assay (ELISA)

The concentrations of glutathione (GSH, BC- 
1175, Solarbio Science, Beijing, China), and 
Iron (ab83366, Abcam, Cambridge, UK) in cells 
were measured via respective ELISA kits. The 
optical density (OD) value at 450 nm was evalu-
ated using a microplate reader (Thermo Fisher, 
Waltham, MA, USA).

JC-1 assay

The mitochondrial membrane potential was 
detected by JC-1 assay. JC-10 kits (CA1310, 
Solarbio Science, Beijing, China) 1 ml were sup-
plemented in ARPE-19 cells for 20 min at 37°C 
and rinsed by PBS. The cells were then visual-
ized under a Fluorescence microscope (Zeiss, 
Jena, Germany) to analyze the images of the 
green and red fluorescence intensity in each 
unit. The intensity ratio of red fluorescence to 
green fluorescence referred to the mitochon-
drial membrane potential.

Detection of intracellular reactive oxygen spe-
cies (ROS) accumulation

The cells were transferred to the center of a 35 
mm glass-bottomed Petri dish and washed 
three times with 1× PBS. The samples were 
fixed in 4% paraformaldehyde in PBS solution 
for 15 minutes at room temperature. Samples 
were washed twice in PBS to remove residual 
paraformaldehyde, permeabilized with 0.5% 
Triton X-100 in PBS for 15 minutes, and then 
washed 3 times in 1× PBS. Cells were incubat-
ed with Reactive Oxygen Species Assay Kit 
(Solarbio Science, Beijing, China) at 37°C for  
30 min, washed three times with 1× PBS, and 
then re-stained with DAPI for 5 min at room 
temperature. The staining was observed under 
an immunofluorescence microscope (Leica 
DFC500, Germany).

Quantitative reverse transcription PCR (RT-
qPCR) and western blotting (WB)

For RT-qPCR, TRIzol (Sigma-Aldrich, St. Louis, 
MO, USA) was used to extract total RNA of cells. 
After the integrity was verified by electrophoresis, 
RNA was reversely transcribed into cDNA by 
Hiscript QRT supermix for qPCR (+gDNA WIPER) 
(Vazyme, Shanghai, China). AceQ qPCR SYBR 
Green master mix reagent (Vazyme, Shanghai, 
China) was used for qRT-PCR experiment. The 
primer sequence was as follow: PCSK7: F: 
5’-CATTGCCTAGGTATCCGGGT-3’; R: 5’-GGGCT- 
TCTCATGTGGCAATC-3’ and GAPDH: F-5’-ATCC- 
CATCACCATCTTCCAG-3’ and R: 5’-ATGACCTTG- 
CCCACAGCCT-3’. Relative expression was ca- 
lculated using the 2-ΔCt method. GAPDH were 
amplified as controls for RNA integrity.

For WB, protein extraction from cells was per-
formed by a total protein extraction kit (Goodbio 
Technology, Wuhan, China), and protein resolu-
tion was done on 10% Sodium dodecyl sulfate- 
polyacrylamide gel electrophoresis (SDS-PAGE), 
polyvinylidene difluoride (PVDF) membranes 
(Bio-Rad, California, USA) which were electro-
blotted. The membranes were sealed with non-
fat milk, cultured with the primary antibodies 
(shown in Table 1) for one night, and then 
cleaned with Tris-buffered saline and Tween 
20. The secondary antibody was then added 
and incubated for 1 hour with donkey anti- 
rabbit or anti-mouse IRDye-conjugated IgG 
(1:3000, Abcam). The images were then 
obtained by scanning the blots. With the aid of 

Table 1. Antibody information

Gene name LOT Manufacturer Dilution 
ratios

PCSK7 12044-1-AP Proteintech 1:1000
ACSL4 ab155282 abcam 1:2000
FTH1 ab75972 abcam 1:2000
GPX4 ab125066 abcam 1:2000
Cytochrome C ab18738 abcam 1:2000
COX IV ab202554 abcam 1:2000
GAPDH AF7021 Affinity 1:2000
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a very sensitive ECL chemiluminescence de- 
tection kit, the tagged protein bands were 
examined. 

Statistical analysis

The experimental results are represented as 
mean ± SD from a minimum of three separate 
experiments. Statistical analyses were per-
formed using GraphPad Prims (version 9.5.0) 
and the student’s t-test was utilized to compare 
between the two groups. The statistical signifi-
cance was set at P<0.05.

Results

PCSK7 promoted proliferation in H2O2-induced 
ARPE-19 cells

To investigate the role of PCSK7 in macular 
degeneration, we constructed lentiviruses 
overexpressing PCSK7 and transfected them 
into H2O2-treated ARPE-19 cells. Subsequently, 
PT-qPCR and WB assays were used to confirm 
the efficiency of PCSK7 overexpression. As 
shown in Figure 1A, 1B, H2O2 treatment 

induced a decrease in PCSK7 expression, while 
both mRNA and protein levels of PCSK7 were 
elevated in cells transfected with lentivirus 
overexpressing PCSK7. A CCK-8 was used to 
probe the effect of PCSK7 on cell proliferation. 
We found that H2O2 reduced cell proliferation, 
whereas the overexpression of PCSK7 mark-
edly enhanced cell proliferation in H2O2-induced 
ARPE-19 cells (P<0.001, Figure 1C).

PCSK7 inhibited H2O2-induced apoptosis in 
ARPE-19 cells

Flow cytometry and immunofluorescence were 
employed to investigate the effect of PCSK7 on 
apoptosis in ARPE-19 cells. The results indicat-
ed that H2O2 treatment led to an increase in the 
number of apoptotic cells, whereas the overex-
pression of PCSK7 reduced both the number of 
apoptotic cells at each time point and the over-
all apoptosis rate following H2O2 exposure 
(Figure 2A). Caspase 3, a cysteine-aspartate 
protease, plays a crucial role in the apoptotic 
process and serves as a key mediator of apop-
tosis. We utilized immunofluorescence to 
assess the expression levels of Caspase 3 in 

Figure 1. PCSK7 promoted proliferation in H2O2-induced ARPE-19 cells. A. The mRNA level of PCSK7 in H2O2-induced 
ARPE-19 infected with PCSK7 or NC were performed by RT-qPCR. B. The protein level of PCSK7 in H2O2-induced 
ARPE-19 infected with PCSK7 or NC were performed by WB. C. Cell survival in H2O2-induced ARPE-19 infected with 
PCSK7 or NC was performed by CCK8. ***P<0.001.
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Figure 2. PCSK7 inhibited H2O2-induced apoptosis in ARPE-19 cells. A. Apoptosis Rate in H2O2-induced ARPE-19 infected with PCSK7 or NC were performed by flow 
cytometry. B. The expression of PCSK7 and Caspase 3 in H2O2-induced ARPE-19 infected with PCSK7 or NC was performed by immunofluorescence (Magnification: 
200; Scale bar: 100 μm). **P<0.01, ***P<0.001.
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ARPE-19 cells. The findings presented in Figure 
2B demonstrated that H2O2 treatment en- 
hanced the fluorescence intensity of Caspase 
3, while the overexpression of PCSK7 enhanc- 
ed the fluorescence intensity of PCSK7 and 
concurrently decreased the fluorescence inten-
sity of Caspase 3. The above results revealed 
that PCSK7 expression negatively regulated 
cell apoptosis of ARPE-19 cells subjected to 
H2O2.

PCSK7 regulated ferroptosis in H2O2-induced 
ARPE-19 cells

Ferroptosis is a novel mode of cell death. Since 
ferroptosis was associated with retinal pigment 

epithelium (RPE) death [8], we further explored 
whether PCSK7 induces ferroptosis in RPE-19 
cells treated with H2O2. Firstly, the H2O2-treated 
group exhibited increased intracellular iron 
content and decreased levels of glutathione 
(GSH) compared to the control groups. Mean- 
while, overexpression of PCSK7 significantly 
suppressed ferrous ions (P<0.001) and en- 
hanced GSH expression (Figure 3A, 3B). 
Additionally, we characterized the expression of 
anti-ferroptosis-related proteins and found that 
increased expression of PCSK7 enhanced the 
protein expression of ACSL4, FTH1, and GPX4 
(Figure 3C). The above results revealed that 
overexpression of PCSK7 inhibited ferroptosis 
in ARPE-19 cells treated with H2O2.

Figure 3. PCSK7 regulated ferroptosis in H2O2-induced ARPE-19 cells. A. Intracellular iron content in H2O2-induced 
ARPE-19 cells infected with PCSK7 or NC was performed by ELISA. B. GSH content in H2O2-induced ARPE-19 cells 
infected with PCSK7 or NC was performed by ELISA. C. The protein expression of ACSL4, FTH1, and GPX4 in H2O2-
induced ARPE-19 infected with PCSK7 or NC was performed by WB. ***P<0.001.
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PCSK7 inhibited mitochondrial damage in 
H2O2-induced ARPE-19 cells

Next, the role of PCSK7 in mitochondrial func-
tion was investigated in H2O2-induced ARPE-19 
cells. To assess mitochondrial function, ARPE-
19 cells were stained with JC-1, a dye that 
reflects the membrane potential of mitochon-
dria. When the cells are healthy, they exhibit 
JC-1 aggregates which display red fluores-
cence. Conversely, when cells are damaged, 
the number of aggregates decreases while the 
number of monomers increases, resulting in 
green fluorescence. As shown in Figure 4A, the 
H2O2-induced increase in green fluorescence of 

JC-1 indicates heightened cellular damage. 
However, overexpression of PCSK7 reversed 
the H2O2-induced cellular damage, as evi-
denced by the red fluorescence of JC-1. 
Additionally, intracellular ROS levels were cor-
related with mitochondrial damage, so we also 
assayed ROS levels. The results showed that 
H2O2 increased ROS levels, while overexpres-
sion of PCSK7 mitigated this H2O2-induced 
increase in ROS (Figure 4B). Furthermore, WB 
results indicated that H2O2 decreased Cyt C 
expression in the mitochondria and increased 
Cyt C expression in the cytoplasm, suggesting 
a translocation of Cyt C from the mitochondria 
to the cytoplasm, indicative of mitochondrial 

Figure 4. PCSK7 inhibited mitochondrial damage in H2O2-induced ARPE-19 cells. A. Mitochondrial membrane poten-
tial in H2O2-induced ARPE-19 infected with PCSK7 or NC was performed by JC-1 staining (Magnification: 200; Scale 
bar: 100 μm). B. ROS levels in H2O2-induced ARPE-19 infected with PCSK7 or NC were performed by IF (Magnifica-
tion: 200; Scale bar: 100 μm). C. The protein expression of Cyt C in H2O2-induced ARPE-19 infected with PCSK7, or 
NC was performed by WB. **P<0.01, ***P<0.001.
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collapse. In contrast, overexpression of PCSK7 
reversed this effect. These results suggested 
that overexpression of PCSK7 alleviated H2O2-
induced mitochondrial damage in ARPE-19 
cells.

Discussion

Age-related macular degeneration (AMD) is the 
leading cause of low vision and even blindness 
in the elderly population [15]. However, AMD is 
a complex disease whose pathophysiology is 
not fully understood. Persistent cell death may 
be a major factor contributing to the pathogen-
esis of AMD, in which cell necrosis is catego-
rized into various types such as necrotic apop-
tosis, autophagy, pyroptosis, ferroptosis, and 
so on. The purpose of this study was to investi-
gate the effect of PCSK7 on retinal epithelial 
cell death.

The seventh member of proprotein convertas-
es family PCSK7 is a ubiquitously expressed 
protease with potent physiological roles. 
PCSK7 is closely related to normal develop-
ment of animals, especially eye development 
[13], so this study constructed PCSK7 overex-
pression cell models to investigate its effect on 
AMD-related processes. Previous studies have 
shown that oxidative stress-mediated apopto-
sis was one of the mechanisms of retinal epi-
thelial cell death [16, 17]. Exogenous H2O2 ulti-
mately led to the formation and accumulation 
of intracellular ROS by mimicking the endoge-
nous ROS signaling pathway, which inhibited 
cell growth and triggered mitochondria-depen-
dent apoptosis [18]. As shown in this study, 
H2O2 exposure promoted apoptosis in ARPE-19 
cells, while overexpression of PCSK7 sup-
pressed the apoptosis rate of H2O2-induced 
ARPE-19 cells and reduced the expression of 
the apoptosis regulator Caspase 3. This result 
suggested that PCSK7 might exert anti-AMD 
effects by inhibiting oxidative stress-induced 
apoptosis in retinal epithelial cells.

In addition to exploring the apoptotic effects of 
PCSK7 on ARPE-19 cells, we also explored 
other cell death types like ferroptosis. Fer- 
roptosis is characterized by the iron-dependent 
accumulation of lipid ROS and is morphologi-
cally and mechanistically distinct from apopto-
sis or other programmed cell death pathways 
[7, 19, 20]. With age, the retinal epithelium 
leads to an increase in oxidative stress [9], 

which in turn leads to the accumulation of  
iron, a hallmark of AMD. In this study, we found 
that H2O2 induced iron accumulation and in- 
hibited the expression of anti-ferroptosis pro-
teins, which was reversed by overexpression of 
PCSK7. Interestingly, previous studies have 
found that PCSK7can regulate global iron 
homeostasis [14], and our results confirm the 
previous studies.

Under oxidative stress, overproduction of in- 
tracellular ROS leads to mitochondrial dysfunc-
tion and increases mitochondrial membrane 
permeability, resulting in depolarization of the 
mitochondrial membrane potential as well as 
release of cytochrome c from the mitochondria 
into the cytoplasm [21, 22]. The lack of mito-
chondrial function also contributes to the mas-
sive death of retinal epithelial cells and is asso-
ciated with early AMD [23, 24]. The results of 
the present study showed that H2O2 induced a 
collapse of the mitochondrial membrane poten-
tial in ARPE-19 cells, resulting in mitochondrial 
damage, which was alleviated by overexpres-
sion of PCSK7.

This study has a few limitations. On one hand, 
we have not demonstrated the death-regulat-
ing effect of PCSK7on retinal epithelial cells in 
an animal model; on the other hand, the spe-
cific molecular mechanism by which PCSK7 
regulates cell death had not been elucidated in 
detail. Therefore, the focus of the next study 
needs to further elucidate the role of PCSK7on 
the pathogenesis of AMD in vivo, and the effect 
of PCSK7on downstream signaling pathways 
which may regulate cell death.

In conclusion, the present study found that 
PCSK7 inhibited oxidative stress-induced apop-
tosis, ferroptosis and mitochondrial damage in 
human retinal epithelial ARPE-19 cells, thereby 
promoting cell proliferation and ameliorating 
the AMD progression. PCSK7 might be one of 
the targets for the treatment of AMD through 
the regulation of retinal epithelial cell death.
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Supplementary Material

Sequence of the gene overexpressing PCSK7

ATGCCGAAGGGGAGGCAGAAAGTGCCACACTTGGATGCCCCCCTGGGCCTGCCCACCTGCCTCTGGCTGGA- 
ATTAGCCGGGCTCTTCTTACTGGTTCCCTGGGTCATGGGCCTGGCAGGGACAGGTGGGCCTGATGGCCA- 
GGGCACAGGGGGGCCGAGCTGGGCTGTGCACCTGGAAAGCCTGGAAGGTGACGGGGAGGAAGAGA- 
CTCTGGAGCAGCAGGCGGATGCCTTGGCCCAGGCAGCAGGGCTGGTGAATGCTGGACGCATCGGAG- 
AGCTTCAGGGGCACTACCTCTTTGTCCAGCCTGCTGGGCACAGGCCGGCCCTGGAGGTGGAGGCCAT- 
CCGGCAGCAGGTGGAGGCTGTGTTGGCTGGGCATGAAGCTGTGCGCTGGCACTCAGAGCAGAGGCTGCT- 
AAGGCGGGCCAAGCGCAGCGTCCACTTCAACGACCCCAAGTACCCGCAGCAATGGCACCTGAATAAC- 
CGACGGAGCCCGGGCAGGGACATCAACGTGACGGGTGTGTGGGAACGCAATGTGACTGGGCGAGGGGT- 
GACGGTGGTGGTAGTGGATGACGGAGTGGA ACACACCATCCAGGACATTGCACCCA ACTATAGCCC- 
TGAGGGTAGCTATGACCTCAACTCTAATGACCCTGACCCCATGCCCCACCCGGATGTGGAGAATGGCAACCA- 
CCATGGCACGCGATGTGCAGGAGAGATCGCGGCTGTGCCCA ACA ACAGCTTCTGTGCCGTGGGCG- 
TGGCCTACGGGAGCCGCATCGCAGGTATCCGGGTACTGGATGGACCTCTCACAGACAGCATGGAGGCAGTG- 
GCGT TCA ACA AGCACTATCAGATCA ATGACATCTACAGCTGCAGCTGGGGACCAGATGACGATG - 
GGAAGACAGTGGATGGCCCCCATCAGCTTGGAAAGGCTGCCTTACAACATGGGGTGATTGCTGGTCGCCAGGG- 
CTTTGGGAGCATCTTTGTGGTAGCCAGTGGCAACGGAGGCCAACACAACGACAACTGCAACTACGAT- 
GGCTACGCCAACTCCATCTACACCGTCACCATAGGAGCTGTGGATGAGGAGGGACGCATGCCTTTCTATGCA- 
GA AGA ATGTGCCTCCATGCTGGCAGTCACCT TCAGTGGTGGGGACA AGATGCT TCGGAGCAT TGT- 
GACCACTGACTGGGACCTTCAGAAGGGCACTGGCTGCACTGAGGGCCACACAGGGACCTCAGCTGCAGCGCCT- 
CTGGCAGCTGGCATGATAGCCT TA ATGCTGCAGGTGCGGCCCTGCCTCACGTGGCGTGACGTCC - 
AGCACATCATTGTCTTCACAGCCACCCGGTATGAGGATCGCCGTGCAGAGTGGGTCACCAACGAGGCAGGCTTC- 
AGCCATAGCCACCAGCACGGTTTCGGCCTCCTCAACGCCTGGAGGCTCGTGAATGCAGCCAAGATC- 
TGGACATCTGTCCCTTACTTAGCATCCTACGTCAGTCCCGTGTTAAAAGAAAACAAGGCGATTCCGCAGTCCC- 
CCCGT TCCCTGGAGGTCCTGTGGA ATGTCAGCAGGATGGACCTGGAGATGTCAGGGCTGA AGAC - 
CCTGGAGCATGTGGCAGTGACAGTCTCCATCACTCACCCACGGCGCGGCAGCTTGGAGCTGAAGCTGTTCTGC- 
CCCAGTGGCATGATGTCCCTCATCGGCGCCCCCCGCAGCATGGACTCGGATCCCA ACGGCT TCA - 
ATGACTGGACCTTCTCCACTGTGCGATGCTGGGGGGAGAGAGCCCGAGGGACCTACAGGCTTGTCATCAGGG- 
ATGTCGGGGATGAGTCAT TCCAGGTCGGCATCCTCCGGCA ATGGCAGCTGACCCTATATGGCTCTG- 
TGTGGAGTGCAGTAGACATCAGGGACAGACAAAGGCTGTTAGAGAGTGCCATGAGTGGAAAATACCTGCAC- 
GATGACTTCGCCCTGCCCTGCCCACCGGGGCTGAAAATTCCTGAGGAAGATGGTTACACCATCACCC- 
CCAACACCCTCAAGACCCTGGTGCTGGTAGGCTGTTTCACCGTCTTCTGGACTGTTTACTACATGCTGGAAGTAT- 
ATTTGAGCCAGAGGA ATGTGGCTTCCA ATCA AGTTTGTAGGAGTGGACCCTGCCACTGGCCCCATC- 
GGAGCCGGAAAGCCAAGGAGGAAGGGACAGAGCTAGAATCAGTGCCACTTTGCAGCAGCAAGGATCCAGAC- 
GAAGTGGAAACAGAGAGCAGGGGCCCTCCCACCACCTCTGACCTCCTTGCCCCAGACCTGCTGGAG- 
CAAGGGGACTGGAGCCTGTCCCAGAACAAGAGCGCCCTGGACTGCCCTCATCAGCACCTAGACGTACCGCA- 
CGGGAAGGAGGAGCAGATCTGCTGA


