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SPECIFICATION 

Gene sequence of recombinant human type II mitochondrial dynein-like GTPase and uses 

thereof 

Field 5 

The invention relates to the field of biological preparations, in particular to the gene sequence 

of recombinant human type II mitochondrial dynein-like GTPase and uses thereof. 

Background 

Autosomal dominant optic atrophy (ADOA) is the most common form of primary hereditary 

optic neuropathy, with an incidence ratio of about 1:12,000 to 1:50,000, and it’s onset is insidious 10 

in childhood. Its clinical characteristics are manifested by mild to moderate gradual loss of vision, 

color vision deficiencies, central visual field defects, and temporal optic disc pallor. Firstly, the 

papillary vascular bundles are injured, followed by the ascending atrophy of optic nerves and the 

loss of the myelin sheaths of optic nerves. 

ADOA is caused by mutations in genes encoding internal mitochondrial membrane proteins 15 

and loci, and foreign scholars have determined that these genes are mainly OPA1-OPA8; among 

them, it has been initially confirmed that about 75% of ADOA patients are related to heterozygous 

and dominant mutations carried by OPA1, in which the site mutations in exons 740 and 2794 are 

most common. OPA1 proteins locate at the inner mitochondrial membranes, control the energy 

metabolism and apoptosis, maintain the integrity of cristae and mtDNA, and have GTPase 20 

activities. The pathogenesis of ADOA lies in that mutant OPA1 encodes a variety of truncated 

forms of proteins usually lacking complete GTPase domains, that is equivalent to the deletion of 

an allele, which will greatly reduce the amount of OPA1, resulting in a so-called haplotype 

insufficiency, thus the mitochondrial functions are impaired. Fragmented mitochondria cannot 

supply ATP normally for optic nerve cells, and RGC cells gradually undergo apoptosis, which 25 

leads to the occurrence of ADOA in patients. 

Currently, there is no treatment means for ADOA, and it is one of the world's recognized 
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hereditary optic neuropathies. With the development of gene therapy, the gene therapy of ADOA 

has become possible, and the difficulties therein are the various forms of OPA1 exon splicing and 

various forms of mutations, which cause a variety of types and mutation forms of pathogenic 

proteins, resulting that it is impossible to use a certain gene drug to treat all patients. 

In foreign studies, people have studied the pathogenesis of ADOA caused by OPA1 mutations, 5 

analyzed the various forms of OPA1 transcription and gene products, and explored the better 

purification methods for recombinant OPA1 proteins. In addition, family medical histories have 

been investigated and analyzed to seek how to screen, identify and diagnose whether a defective 

OPA1 is carried. Furthermore, the prognostic genetic diagnosis and treatment of ADOA caused by 

OPA1 mutations also have been expected. However, there are currently no reports of 10 

recombination of genes of any type of human mitochondrial dynein-like GTPases using adeno- 

associated virus vectors, as well as the production and uses thereof. 

Therefore, there is an urgent need in this field to develop an expression system and preparation 

method for a human mitochondrial dynein-like GTPase having good therapeutic effects. 

Summary 15 

The purpose of the present invention is to provide an expression system for a human 

mitochondrial dynein-like GTPase having good therapeutic effects and a preparation method 

thereof. 

The purpose of the present invention is to provide an optimized nucleic acid sequence for 

encoding a human mitochondrial dynein-like GTPase, a vector and a preparation method thereof. 20 

The first aspect of the present invention provides a nucleotide sequence encoding a human type 

II mitochondrial dynein-like GTPase, and the nucleotide sequence is selected from the group 

consisting of: 

(a) a nucleotide sequence shown in SEQ ID NO.: 1; and 

(b) a nucleotide sequence being ≥95%, preferably ≥98%, and more preferably ≥99% identical 25 

to the nucleotide sequence shown in SEQ ID NO.: 1. 

In another preferred embodiment, the nucleotide sequence includes a DNA sequence, a cDNA 
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sequence or an mRNA sequence. 

In another preferred embodiment, the nucleotide sequence includes a single-stranded sequence 

and a double-stranded sequence. 

In another preferred embodiment, the nucleotide sequence includes a nucleotide sequence that 

is completely complementary to SEQ ID NO.: 1. 5 

In another preferred embodiment, the nucleotide sequence is shown in SEQ ID NO.: 1, wherein 

positions 1-288 are the coding sequence of MIS; 

positions 289-2772 are the coding sequences of a GTPase domain, a central dynein domain and 

a GTPase effector domain; 

and positions 2773-2775 are a stop codon. 10 

In another preferred embodiment, the sequence of SEQ ID NO.: 1 comprises: MIS coding 

sequence as shown in positions 1-288 in SEQ ID NO.: 1; and the coding sequence of the GTPase 

domain, the central dynein domain and the GTPase effector domain as shown in positions 289-

2772 in SEQ ID NO.: 1. 

In another preferred embodiment, the sequence of SEQ ID NO.: 2 comprises: MIS coding 15 

sequence as shown in positions 1-288 in SEQ ID NO.: 2; and the coding sequence of the GTPase 

domain, the central dynein domain and the GTPase effector domain as shown in positions 289-

2772 in SEQ ID NO.: 2. The present invention also provides the nucleotide sequence (positions 1-

288 in SEQ ID No.: 1 or 2) separately encoding the MIS, and the nucleotide sequences (positions 

289-2772 or 289-2775 in SEQ ID No.: 1 or 2) separately encoding the GTPase domain, the central 20 

dynein domain and the GTPase effector domain. 

The second aspect of the present invention provides a fusion nucleic acid comprising the 

nucleotide sequence as described in the first aspect of the present invention. 

In another preferred embodiment, the fusion nucleic acid further comprises a sequence selected 

from the group consisting of a UTR sequence, a promoter sequence or a combination thereof. 25 

In another preferred embodiment, the UTR sequence includes a 3'-UTR and/or a 5'-UTR. 

In another preferred embodiment, the UTR sequence contains a polyA sequence for stabilizing 
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the structure. 

In another preferred embodiment, the fusion nucleic acid has a structure of formula I from the 

5’-end to the 3’-end: 

Z1-Z2-Z3   (I) 

wherein 5 

each "-" is independently a bond or a nucleotide linker sequence; 

Z1 is null or a 5'-UTR sequence; 

Z2 is the nucleotide sequence as described in the first aspect of the present invention; and 

Z3 is a 3'-UTR sequence. 

In another preferred embodiment, the Z1 is a 5'-UTR sequence. 10 

In another preferred embodiment, the length of each nucleotide linker sequence is 1-30 nt, 

preferably 1-15 nt, and more preferably 3-6 nt. 

In another preferred embodiment, the nucleotide linker sequence is derived from a nucleotide 

linker sequence formed by digestion via a restriction endonuclease. 

The third aspect of the present invention provides a vector containing the nucleotide sequence 15 

according to the first aspect of the present invention or the fusion nucleic acid according to the 

second aspect of the present invention. 

In another preferred embodiment, the vector comprises one or more promoters, which are 

operably linked to the nucleic acid sequence, an enhancer, a transcription termination signal, a 

polyadenylation sequence, an origin of replication, a selectable marker, a nucleic acid restriction 20 

site and/or a homologous recombination site. 

In another preferred embodiment, the vector is selected from the group consisting of a plasmid 

and a viral vector. 

In another preferred embodiment, the vector is selected from the group consisting of a lentivirus 

vector, an adenovirus vector, an adeno-associated virus vector or a combination thereof. Preferably, 25 

the vector is an AAV vector. 

In another preferred embodiment, the serotypes of the AAV vector is selected from AAV2, 
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AAV5, AAV7, AAV8 or a combination thereof. 

In another preferred embodiment, the vector includes a DNA virus and a retroviral vector. 

In another preferred embodiment, the vector is an AAV vector containing or inserted with the 

nucleotide sequence described in the first aspect of the present invention or the fusion nucleic acid 

described in the second aspect of the present invention; preferably, the vector is an AAV vector 5 

plasmid pSNaV. 

In another preferred embodiment, the vector is used for expressing the recombinant human 

type II mitochondrial dynein-like GTPase. 

The fourth aspect of the present invention provides a host cell, said host cell contains the vector 

described in the third aspect of the present invention, or the host cell has the nucleotide sequence 10 

described in the first aspect of the present invention or the fusion nucleic acid described in the 

second aspect of the present invention that is exogenously integrated into its chromosome. 

In another preferred embodiment, the host cell is a mammalian cell, and the mammal includes 

a human and a non-human mammal. 

In another preferred embodiment, the host cell is selected from the group consisting of a 293T 15 

cell, a photoreceptor cell (including a cone cell and/or a rod cell), other visual cells (such as a 

bipolar cell), an (optic) nerve cell or a combination thereof. 

In another preferred embodiment, the host cell is selected from the group consisting of a rod 

cell, a cone cell, an on-bipolar cell, an off-bipolar cell, a horizontal cell, a ganglion cell, an 

amacrine cell or a combination thereof. Preferably, the host cell is a (retinal) ganglion cell. 20 

The fifth aspect of the present invention provides the use of the vector described in the third 

aspect of the present invention in preparing a preparation or a composition for restoring the vision 

and/or treating the eye diseases in a subject. 

In another preferred embodiment, the eye disease is retinopathy. 

In another preferred embodiment, the preparation or the composition is used for treating 25 

hereditary optic neuropathy, preferably autosomal dominant optic atrophy (ADOA). 

In another preferred embodiment, the preparation or the composition is used for treating retinal 
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ganglion cell apoptosis. 

The sixth aspect of the present invention provides a pharmaceutical preparation which contains 

(a) the vector described in the third aspect of the present invention, and (b) a pharmaceutically 

acceptable carrier or excipient. 

In another preferred embodiment, the dosage form of the pharmaceutical preparation is selected 5 

from the group consisting of a lyophilized preparation, a liquid preparation or a combination 

thereof. 

In another preferred embodiment, the vector is selected from the group consisting of a lentivirus 

vector, an adenovirus vector, an adeno-associated virus vector or a combination thereof. Preferably, 

the vector is an AAV vector. 10 

In another preferred embodiment, the content of the vector in the pharmaceutical preparation 

is 1 x 109-1 x 1016, preferably 1 x 101-1 x 1013 viruses/mL, and more preferably 2 x 1011-1 x 1012 

viruses/mL. 

In another preferred embodiment, the pharmaceutical preparation is used for treating eye 

diseases, preferably for treating retinal ganglion cell apoptosis. 15 

In another preferred embodiment, the pharmaceutical preparation is used for treating hereditary 

optic neuropathy, preferably autosomal dominant optic atrophy (ADOA). 

In another preferred embodiment, the pharmaceutical preparation can significantly increase the 

expression and/or activity of mitochondrial dynein-like GTPase in eyeball. 

The seventh aspect of the present invention provides a method for increasing the expression 20 

and/or activity of a mitochondrial dynein-like GTPase for a long time, in which the method 

comprises introducing the vector described in the third aspect of the present invention, and/or 

administering the pharmaceutical preparation described in the sixth aspect of the present invention. 

In another preferred embodiment, the method can effectively increase the content of ATP 

produced in a cell and/or inhibit mitochondrial apoptosis. 25 

In another preferred embodiment, the method can continuously up-regulate the expression 

and/or activity of GTPases. 
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The eighth aspect of the present invention provides a treatment method, which comprises 

administering the vector described in the third aspect of the present invention to a subject in need 

thereof. 

In another preferred embodiment, the vector is selected from the group consisting of a lentivirus 

vector, an adenovirus vector, an adeno-associated virus vector or a combination thereof. Preferably, 5 

the vector is an AAV vector. 

In another preferred embodiment, the vector is introduced into the eye of a subject in need 

thereof. 

In another preferred embodiment, the subject in need thereof includes a human and a non-

human mammal. 10 

In another preferred embodiment, the treatment method is a method for treating eye diseases. 

In another preferred embodiment, the eye disease is hereditary optic neuropathy, preferably 

autosomal dominant optic atrophy (ADOA). 

The treatment method can effectively increase the expression and/or activity of mitochondrial 

dynein-like GTPase in eyeball. 15 

The treatment method can effectively increase the expression and/or activity of mitochondrial 

dynein-like GTPase in eyeball for up to 6 months, preferably up to 3 months. 

The treatment method can effectively increase retinal ATP content and/or inhibit mitochondrial 

apoptosis. 

The ninth aspect of the present invention provides a method for preparing a recombinant human 20 

type II mitochondrial dynein-like GTPase, which comprises culturing the host cell described in the 

fourth aspect of the present invention, thereby obtaining the recombinant human type II 

mitochondrial dynein-like GTPase. 

The tenth aspect of the present invention provides a cell model of ADOA (autosomal dominant 

optic atrophy) in which the expression or viability of OPA1 gene is decreased. 25 

In another preferred embodiment, the cell includes a retinal ganglion cell (RGC). 

In another preferred embodiment, the OPA1 gene is not expressed or inactive completely. 
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The eleventh aspect of the present invention provides a method for preparing a cell model of 

ADOA (autosomal dominant optic atrophy), which comprises providing a cell and performing a 

point mutation on the OPA1 gene in the cells to obtain the cells having the point mutation of the 

OPA1 gene; and obtaining the monoclonal cells that have a positive point mutation through 

screening. 5 

In another preferred embodiment, the OPA1 gene point mutation refers to a Q(glutamine) 285 

Stop point mutation. 

In another preferred embodiment, the cell include a RGC cell. 

The twelfth aspect of the present invention provides a non-human mammalian model of ADOA 

(autosomal dominant optic atrophy) in which the expression and/or viability of OPA1 gene in GRC 10 

cells are reduced. 

In another preferred embodiment, the OPA1 gene has a point mutation, specifically, a Q 

(glutamine) 285 Stop point mutation. 

The thirteenth aspect of the present invention provides a method for preparing a non-human 

mammalian model of ADOA (autosomal dominant optic atrophy), which comprises the following 15 

steps: 

(a) providing a non-human mammalian cell, performing a point mutation on the OPA1 gene in 

the cells, thereby obtaining the cells having the point mutation of the OPA1 gene; 

(b preparing an animal model having the point mutation of the OPA1 gene by using the cells 

having the point mutation of the OPA1 gene obtained in step (a). 20 

In another preferred embodiment, the point mutation of the OPA1 gene is heterozygous or 

homozygous. 

In another preferred embodiment, the glutamine site at position 285 of the OPA1 protein is 

mutated for transcription termination. 

In another preferred embodiment, the non-human mammal is a rodent or a primate, preferably 25 

including a mouse, a rat, a rabbit, and a monkey. 

In another preferred embodiment, step (b) includes the step of: 
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(b1) preparing an animal model which has obtained a chimeric point mutation of the OPA1 

gene, and then obtaining an animal model having homozygous or heterozygous point mutation of 

the OPA1 gene through crossing; 

In another preferred embodiment, the method comprises:  

(1) constructing a recombinant plasmid having a mutation of Q (glutamine) at position 285 of 5 

OPA1 into a stop (i.e., Q285 Stop) point mutation by using CRISPR-CAS9 technology, and 

replacing with a DNA sequence having a selectable marker for homologous mutation to obtain a 

monoclonal embryonic stem cell having a positive point mutation Q285 Stop of OPA1; 

(2) preparing and obtaining chimeric mice by using the mouse embryonic stem cell clone 

having OPA1 point mutation obtained in step (1); 10 

(3) allowing the chimeric mice obtained in step (2) to mate with normal wild-type mice and 

breed, and screening heterozygous mice from the offspring that obtained OPA1 point mutation, 

i.e., the mouse model having Q285 Stop point mutation of OPA1. 

In another preferred embodiment, the heterozygous mice are allowed to undergo mating and 

breeding, and homozygous mice that obtained OPA1 point mutation are screened from their 15 

offspring. 

It should be understood that all of the various technical features described above and the various 

technical features specifically described hereinafter (such as examples) can be combined with one 

another within the scope of the present invention, so as to form new or preferred technical solutions. 

Due to space limitations, they will not be repeated here. 20 

Description of the Drawings 

Fig. 1 shows the comparison of open reading frame sequences between the optimized 

nucleotide sequence and the original gene sequence of human type II mitochondrial dynein-like 

GTPase. The homology between the two sequences is 72.25% (2005/2775), among which the 

identical bases are indicated by "|", the upper row is the optimized open reading frame nucleotide 25 

sequence, and the lower row is the original gene sequence of human type II mitochondrial dynein-

like GTPase (unoptimized wild coding sequence). 
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Fig. 2 shows the schematic diagram of the protein structure of the transcript of OPA1 isoform 

2. 

Fig. 3 shows the correct clone with a target band of about 3000 bp screened from the 

recombinant clones, M: protein marker; lane 1: correct recombinant clone of rAAV2/2-hOPA1 

isoform 2; lane 2: positive control; lane 3: negative control. 5 

Fig. 4 shows the schematic diagram of the structure of the recombinant adeno-associated virus 

plasmid pSNaV/rAAV2/2-hOPA1. 

Fig. 5 shows the results of Coomassie Brilliant Blue staining for detecting the purity of 

rAAV2/2-hOPA1 isoform 2 by SDS-PAGE electrophoresis. Among them, lane 1: protein marker; 

lane 2: rAAV2/2-hOPA1 isoform 2. 10 

Fig. 6 shows the fundus photographs of the eye of rabbit under vitrectomy lens, wherein A is 

the group injected with rAAV2/2-ZsGreen (control group), and B is the group injected with 

rAAV2/2-optimized hOPA1 isoform 2 (experimental group A). 

Fig. 7 shows the immunofluorescence detection of eyeball slices of rabbit, in which 

experimental group A is the group injected with rAAV2/2-optimized hOPA1 isoform 2, and 15 

experimental group B is the group injected with rAAV2/2-original hOPA1 isoform 2. 

Fig. 8 shows the OCT photographs of the eye of rabbit under vitrectomy lens. Among them, A 

is the group injected with rAAV2/2-ZsGreen (control group), and B is the group injected with 

rAAV2/2-optimized hOPA1 isoform 2 (experimental group A). 

Fig. 9 shows the retina in HE slice of eyeball of rabbit observed under a microscope. Among 20 

them, A is the group injected with rAAV2/2-ZsGreen (control group), and B is the group injected 

with rAAV2/2-optimized hOPA1 isoform 2 (experimental group A). 

Fig. 10 shows the real-time fluorescent PCR detection results for the relative expression 

amounts of hOPA1 proteins in the retina of eyeballs of rabbits injected with different plasmids; 

experimental group A is the group injected with rAAV2/2-optimized hOPA1 isoform 2, 25 

experimental group B is the group injected with rAAV2/2-original hOPA1 isoform 2, and the 
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control group is the group injected with rAAV2/2-ZsGreen. 

Fig. 11 shows the western blot detection results of hOPA1 proteins in the retina of eyeballs of 

rabbits injected with different plasmids; experimental group A is the group injected with rAAV2/2-

optimized hOPA1 isoform 2, experimental group B is the group injected with rAAV2/2-original 

hOPA1 isoform 2, and the control group is the group injected with rAAV2/2-ZsGreen. 5 

Fig. 12 shows the construction of model mice of ADOA (autosomal dominant optic atrophy). 

Fig. 13 shows the genotype identification of model mice of point mutation of ADOA 

(autosomal dominant optic atrophy). 

Fig. 14 shows the changes of ATP content in the retina of mice after administration detected 

by high performance liquid chromatography (HPLC). 10 

Fig. 15 shows the morphology of mitochondria observed by transmission electron microscope 

(TEM). 

Detailed Description 

After extensive and in-depth research, the inventors have carried out targeted optimization 

design on the gene coding sequence of recombinant human type II mitochondrial dynein-like 15 

GTPase (OPA1), so as to obtain a nucleotide sequence (SEQ ID NO.: 1) which is particularly 

suited to be efficiently transcribed and efficiently express OPA1 protein in mammalian (such as 

human) cells, and construct a recombinant expression vector for the recombinant human type II 

mitochondrial dynein-like GTPase. The experimental results show that, as compared with the 

unoptimized coding sequence, the specially optimized OPA1 coding sequence (SEQ ID NO.: 1) 20 

has slightly improved transcription efficiency, and the expression amount thereof has been 

significantly increased by more than 5 times, which is very suited to be expressed in a mammalian 

(especially a human) cells, and it can effectively treat ADOA and other eye diseases. The present 

invention is accomplished by the inventors on this basis. 

Definitions 25 

Certain terms are firstly defined in order to make this disclosure be more easily understood. As 

used in this application, each of the following terms shall have the meanings given as follows 
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unless expressly stated otherwise herein. Other definitions are stated throughout the application. 

The term "about" may refer to a value or composition within an acceptable error range of a 

particular value or composition determined by a person of ordinary skill in the art, which will 

partially depend on how the value or composition is measured or determined. For example, as used 

herein, the expression "about 100" includes all values between 99 and 101 (for example, 99.1, 99.2, 5 

99.3, 99.4, etc.). 

As used herein, the terms "comprising" or "including (containing)" can be open, semi-closed 

and closed. In other words, the terms also include "essentially consisting of” or "consisting of". 

Sequence identity is determined by comparing two aligned sequences along a predetermined 

comparison window (which can be 50%, 60%, 70%, 80%, 90%, 95% or 100% of the length of the 10 

reference nucleotide sequence or protein) and determining the number of positions where the 

identical residues appear. Usually, this is expressed as a percentage. The measurement of sequence 

identity of nucleotide sequences is a method well known to those skilled in the art. 

As used herein, the terms "subject" and "subject in need thereof" refer to any mammals or non-

mammals. Mammals include but are not limited to human beings, vertebrates such as rodents, non-15 

human primates, cattle, horses, dogs, cats, pigs, sheep and goats. 

OPA1 (optic atrophy 1) 

As used herein, the terms "(recombinant) human type II mitochondrial dynein-like GTPase", 

"optic atrophy protein 1", "OPA1 (protein)", "hOPA1 (protein)", "polypeptide", "polypeptide of 

the present invention” and "protein of the present invention" have the same meanings and can be 20 

used interchangeably herein. OPA1 is a transmembrane protein with GTPase activity located in 

the inner mitochondrial membrane; and this protein comprises an N-terminal transmembrane 

region having a mitochondrial import sequence (MIS), a transmembrane region (TR) and a 

hydrophobic region (HR), a GTPase domain, a central dynein domain, and a C-terminal having a 

GTPase effector domain (GED). The function of MIS polypeptide of OPA1 is to guide GTP protein 25 

into mitochondria. 

ADOA is caused by mutations in genes encoding internal mitochondrial membrane proteins 
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and loci, and foreign scholars have determined that these genes are mainly OPA1-OPA8; among 

them, it has been initially confirmed that about 75% of ADOA patients are related to heterozygous 

and dominant mutations carried by OPA1, in which the site mutations in exons 740 and 2794 are 

most common. OPA1 proteins locate at the inner mitochondrial membranes, control the energy 

metabolism and apoptosis, maintain the integrity of cristae and mtDNA, and have GTPase 5 

activities. The pathogenesis of ADOA lies in that mutant OPA1 encodes a variety of truncated 

forms of proteins usually lacking complete GTPase domains, that is equivalent to the deletion of 

an allele, which will greatly reduce the amount of OPA1, resulting in a so-called haplotype 

insufficiency, thus the mitochondrial functions are impaired. Fragmented mitochondria cannot 

supply ATP normally for optic nerve cells, and RGC cells gradually undergo apoptosis, which 10 

leads to the occurrence of ADOA in patients. 

Adeno-associated virus 

Adeno-associated virus (AAV), also known as Adeno-Associated Virus, belongs to the 

Dependovirus in Parvoviridae. It is the simplest type of single-stranded DNA-defective virus found 

so far and requires a helper virus (usually adenovirus) to participate in its replication. It encodes 15 

the cap and rep genes in the inverted repeats (ITR) at both ends. ITRs play a decisive role in virus 

replication and packaging. The cap gene encodes the viral capsid protein and the rep gene is 

involved in virus replication and integration. AAVs can infect a variety of cells. 

Recombinant adeno-associated virus vector (rAAV) is derived from non-pathogenic wild-type 

adeno-associated virus. Due to its good safety, wide range of host cells (dividing and non-dividing 20 

cells), low immunogenicity, capability of long-term expression of exogenous genes in vivo and 

other characteristics, rAAV is regarded as one of the most promising gene transfer vectors and has 

been widely used in gene therapy and vaccine research worldwide. After more than 10 years of 

research, the biological characteristics of recombinant adeno-associated virus have been deeply 

understood, and a lot of data have been accumulated especially in the aspects of its application 25 

effects in various cells, tissues and in vivo experiments. In medical research, rAAV has been used 

in the research of gene therapy for various diseases (including in vivo and in vitro experiments). 
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At the same time, as a characteristic gene transfer vector, it is also widely used in gene function 

research, disease model construction, and preparation of gene-knockout mice and other aspects. 

In a preferred embodiment of the present invention, the vector is a recombinant AAV vector. 

AAVs are relatively small DNA viruses that can integrate into the genome of the cells that are 

infected by them in a stable and site-specific manner. They are capable of infecting a large range 5 

of cells without any effect on the growth, morphology or differentiation of the cells, and they do 

not seem to be involved in human pathology. The genome of AAV has been cloned, sequenced 

and characterized. AAV contains approximately 4,700 bases and an inverted terminal repeat (ITR) 

region of approximately 145 bases at each end, which region serves as the origin of replication of 

the virus. The rest of the genome is divided into two important regions with encapsidation functions: 10 

a left part of the genome containing the rep gene involved in viral replication and viral gene 

expression; and the right part of the genome containing the cap gene encoding the viral capsid 

protein. 

AAV vectors can be prepared using standard methods in the art. Adeno-associated viruses of 

any serotype are suitable. Methods for purifying vectors can be found in, for example, U.S. Patent 15 

Nos. 6,566,118, 6,989,264, and 6,995,006, the disclosures of which are incorporated herein by 

reference in their entirety. The preparation of hybrid vectors is described in, for example, PCT 

application No. PCT/US2005/027091, the disclosure of which is incorporated herein by reference 

in its entirety. The uses of AAV-derived vectors for transferring genes in vitro and in vivo have 

been described (see, for example, International Patent Application Publication Nos. WO91/18088 20 

and WO93/09239; U.S. Patent Nos. 4,797,368, 6,596,535 and 5,139,941, and European Patent No. 

0,488,528, all of which are incorporated herein by reference in their entirety). These patent 

publications described various AAV-derived constructs in which the rep and/or cap genes are 

deleted and replaced by the gene of interest, and the uses of these constructs for transporting the 

gene of interest in vitro (entering cultured cells) or in vivo (directly entering organisms). 25 

Replication-deficient recombinant AAVs can be prepared by co-transfecting the following 

plasmids into a cell line infected with a human helper virus (such as adenovirus): plasmids 
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containing the nucleic acid sequence of interest flanked by two regions of AAV inverted terminal 

repeat (ITR), and plasmids carrying AAV encapsidation genes (rep and cap genes). The resulting 

AAV recombinants are then purified by standard techniques. 

In some embodiments, the recombinant vectors are subjected to encapsidation into viral 

particles (e.g., including but not limited to AAV1, AAV2, AAV3, AAV4, AAV5, AAV6, AAV7, 5 

AAV8, AAV9, AAV10, AAV11, AAV12, AAV13, AAV14, AAV15 and AAV16). Therefore, the 

present disclosure includes recombinant viral particles (called recombinant because they contain 

recombinant polynucleotides) containing any of the vectors described herein. Methods of 

producing such particles are known in the art and described in US Patent No. 6,596,535. 

Nucleic acid coding sequence 10 

The technical problem to be solved by the present invention is to overcome the technical defects 

of low expression amount and poor therapeutic effects of the recombinant human type II 

mitochondrial dynein-like GTPase in the prior art. The purpose of the present invention is to 

provide an optimized gene sequence of recombinant human type II mitochondrial dynein-like 

GTPase. A gene of recombinant human type II mitochondrial dynein-like GTPase has an optimized 15 

CDS nucleotide sequence as shown in SEQ ID NO: 1 and a size of 2,775 bp, starting with codon 

ATG, and encoding 924 amino acids, wherein 1 to 288 bp is the coding sequence of OPA1-MIS, 

which encodes a peptide chain of 96 amino acids serving to guide the GTP protein to enter the 

mitochondria to exert its physiological functions; 289 to 2,772 bp codes a peptide chain of 828 

amino acids which is served as a GTP functional protein; and the last 3 bp is a stop codon. Studies 20 

have found that the optimized OPA1 gene sequence (SEQ ID NO.: 1) of the present invention 

makes the expression efficiency of OPA1 protein higher, and there are more OPA1 proteins that 

play physiological roles in the patient’s optic ganglion cells. 

The nucleotide sequence of the nucleic acid encoding the human type II mitochondrial dynein-

like GTPase of the present invention is shown in SEQ ID NO.: 1. In another preferred embodiment, 25 

the nucleotide sequence is ≥95%, preferably ≥98%, more preferably ≥99% identical to the 

nucleotide sequence shown in SEQ ID NO.: 1. In the present invention, the nucleic acid encoding 
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the human type II mitochondrial dynein-like GTPase is also called OPA1-optimized gene or 

OPA1-optimized nucleic acid. 

The polynucleotides of the present invention may be in the form of DNA or RNA. In another 

preferred embodiment, the nucleotide is DNA. The forms of DNA include cDNA, genomic DNA 

or synthetic DNA. DNA can be single-stranded or double-stranded. DNA can be a coding strand 5 

or a non-coding strand. The nucleotide sequence of the present invention encodes the amino acid 

sequence shown in SEQ ID NO.: 3. The OPA1-MIS signal peptide directs the protein to enter the 

mitochondria, and after being hydrolyzed by a protease, the mature OPA1 isoform 2 protein enters 

the mitochondria to play a role. 

 10 

The nucleic acid sequence can be a DNA, an RNA, a cDNA or a PNA. The nucleic acid 

sequence can be genomic, recombinant or synthetic. The nucleic acid sequence can be isolated or 

purified. The nucleic acid sequence can be single-stranded or double-stranded. Preferably, the 

nucleic acid sequence will encode a photosensitive protein as described herein. Nucleic acid 

sequences can be derived by cloning, for example, using standard molecular cloning techniques 15 

including restriction digestion, ligation, and gel electrophoresis, as described in, for example, 

Sambrook et al. Molecular Cloning: A laboratory manual, Cold Spring Harbour Laboratory Press. 

The nucleic acid sequence may be isolated, for example, isolated using PCR technology. Isolation 
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means the separation of a nucleic acid sequence from any impurities and from other nucleic acid 

sequences and/or proteins that are naturally found to associate with the nucleic acid sequences in 

its source. Preferably, it will also be free of a cell material, a culture medium or other chemicals 

from the purification/production processes. The nucleic acid sequence may be synthetic, for 

example, produced by direct chemical synthesis. The nucleic acid sequence can be provided as a 5 

naked nucleic acid, or can be provided in a complex with a protein or a lipid. 

The full-length nucleotide sequence of the present invention or its fragments can usually be 

obtained by a PCR amplification method, a recombination method or an artificial synthesis method. 

For a PCR amplification method, primers can be designed according to a published relevant 

nucleotide sequence, especially the open reading frame sequence, and a commercially available 10 

cDNA library or a cDNA library prepared by a conventional method known to those skilled in the 

art can be used as a template; and a relevant sequence is obtained by amplification. When the 

sequence is relatively long, it is often necessary to perform two or more PCR amplifications, and 

then splice the individual amplified fragments together in the correct order. Currently, the DNA 

sequence encoding the polypeptide (or a fragment or derivative thereof) of the present invention 15 

can be obtained completely through chemical synthesis. The DNA sequence can then be introduced 

into various existing DNA molecules (or such as vectors) and cells known in the art. 

The present invention also relates to a vector containing the polynucleotide of the present 

invention, and a host cell produced by genetic engineering using the vector or polypeptide-coding 

sequence of the present invention. The above-mentioned polynucleotide, vector or host cell may 20 

be isolated. 

As used herein, "isolated" refers to the separation of a substance from its original environment 

(if it is a natural substance, the original environment refers to the natural environment). For 

example, a polynucleotide and a polypeptide in a natural state in living cells are not separated and 

purified, but the same polynucleotide or polypeptide is separated and purified when it is separated 25 

from other substances that coexist in the natural state. 

In a preferred embodiment of the present invention, the nucleotide sequence is shown in SEQ 
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ID NO.: 1. 

Once a relevant sequence is obtained, the recombination method can be used to obtain the 

relevant sequence on a large scale. This is usually done by cloning it into a vector, then transferring 

it into a cell, and then isolating the relevant sequence from the proliferated host cells by 

conventional methods. 5 

In addition, the relevant sequence can also be synthesized using artificial synthesis methods 

especially when the fragment length is short. Usually, a fragment having a very long sequence can 

be obtained by firstly synthesizing multiple small fragments and then ligating them. 

The method of amplifying DNA/RNA using PCR technology is preferably used to obtain the 

gene of the present invention. The primers used for PCR can be appropriately selected according 10 

to the sequence information of the present invention disclosed herein and can be synthesized by 

conventional methods. The amplified DNA/RNA fragments can be separated and purified by 

conventional methods such as gel electrophoresis. 

The present invention also relates to a vector containing the polynucleotide of the present 

invention, a host cell produced by genetic engineering using the vector or protein coding sequence 15 

of the present invention, and a method for expressing OPA1 protein using the host cell through 

recombinant technology. 

The host cells (such as mammalian cells) expressing the OPA1 protein of the present invention 

can be obtained using the polynucleotide sequence of the present invention through conventional 

recombinant DNA technology. Generally, the following step is included: transducing the 20 

polynucleotide described in the first aspect of the present invention or the vector described in the 

third aspect of the present invention into a host cell. 

Methods well known to those skilled in the art can be used to construct the expression vector 

containing the DNA sequence encoding the polypeptide of the present invention and appropriate 

transcription/translation control signals. These methods include in vitro recombinant DNA 25 

technology, DNA synthesis technology and in vivo recombination technology. The DNA sequence 

can be effectively linked to an appropriate promoter in the expression vector to direct mRNA 
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synthesis. The expression vector also comprises a ribosome binding site for translation initiation 

and a transcription terminator. 

In addition, the expression vector preferably contains one or more selectable marker genes to 

provide phenotypic traits for selecting transformed host cells, such as dihydrofolate reductase for 

eukaryotic cell culture, neomycin resistance and green Fluorescent protein (GFP), or tetracycline 5 

or ampicillin resistance for E. coli. 

The vector containing the appropriate DNA sequence described above and an appropriate 

promoter or control sequence can be used to transform an appropriate host cell so that it can express 

a polypeptide. 

The host cell can be a prokaryotic cell, a lower eukaryotic cell or a higher eukaryotic cell, such 10 

as a mammalian cell (including human and non-human mammals). Representative examples are 

animal cells such as CHO, NSO, COS7 or 293 cells. In a preferred embodiment of the present 

invention, a 293T cell, a photoreceptor cell (including a cone cell and/or a rod cell), other visual 

cells (such as a bipolar cell) and a nerve cell are selected as the host cell. In another preferred 

embodiment, the host cell is selected from the group consisting of a rod cell, a cone cell, an on-15 

bipolar cell, an off-bipolar cell, a horizontal cell, a ganglion cell, an amacrine cell or a combination 

thereof. 

The transformation of the host cell using recombinant DNA can be performed by conventional 

techniques well known to those skilled in the art. When the host is a prokaryote such as Escherichia 

coli, a competent cell which is capable of absorbing DNA can be harvested after the exponential 20 

growth phase and treated by CaCl2 method, in which the relevant steps used are well known in the 

art. Another method is to use MgCl2. If necessary, transformation can also be performed by 

electroporation. When the host is an eukaryote, the following DNA transfection methods can be 

selected: the calcium phosphate co-precipitation method, and the conventional mechanical 

methods such as microinjection, electroporation, liposome packaging, etc. 25 

The obtained transformants can be cultured by conventional methods to express the protein 

encoded by the gene of the present invention. Depending on the host cell used, the medium used 
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in the culture can be selected from various conventional culture media. The culture is carried out 

under the conditions suitable for the growth of the host cell. When the host cell grows to an 

appropriate cell density, a suitable method (such as temperature conversion or chemical induction) 

is used to induce the selected promoter, and the cell is further cultured for a period of time. 

In the above method, the polypeptide can be expressed in the cell or on the cell membrane or 5 

secreted out of the cell. If necessary, the protein can be separated and purified through various 

separation methods using its physical, chemical properties and other properties. These methods are 

well known to those skilled in the art. Examples of these methods include, but are not limited to: 

conventional renaturation treatment, treatment with protein precipitation agent (salting out method), 

centrifugation, cell breaking via osmosis, ultra-treatment, ultra-centrifugation, molecular sieve 10 

chromatography (gel filtration), adsorption chromatography, ion exchange chromatography, high 

performance liquid chromatography (HPLC) and various other liquid chromatography techniques 

and the combinations of these methods. 

Sequence optimization 

In the present invention, an optimized coding sequence of recombinant human type II 15 

mitochondrial dynein-like GTPase that is particularly suitable for expression in mammalian cells 

is provided, and the coding sequence is shown in SEQ ID NO.: 1. 

As used herein, the "optimized OPA1 coding sequence" and "optimized OPA1 coding gene" 

refer to a nucleotide sequence for encoding the recombinant human type II mitochondrial dynein-

like GTPase, and the nucleotide sequence encodes the amino acid sequence shown in SEQ ID NO.: 20 

3. 

In the present invention, the wild DNA coding sequence (unoptimized DNA coding sequence) 

of the recombinant human type II mitochondrial dynein-like GTPase is shown in SEQ ID NO.: 2. 

The expression amount of the unoptimized wild DNA coding sequence is very low. 

Wild Homo sapiens: OPA1 isoform2 CDS 2775bp 25 
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The present invention has optimized the sequence fragments that affect gene expression and 

protein localization, in which the optimizations of these sequence fragments include, but are not 

limited to, codon usage bias; elimination of secondary structures that are not conducive to 5 

expression (such as hairpin structure); and changing the GC content, the content of CpG 

dinucleotide, the secondary structure of mRNA, cryptic splice sites, early polyadenylation sites, 

internal ribosome entry and binding sites, negative CpG islands, unstable regions of RNA, repeat 

sequences (direct repeat sequences, inverted repeat sequences, etc.) and restriction sites that may 

affect cloning. A specially optimized DNA coding sequence as shown in SEQ ID NO.: 1 is finally 10 

obtained through analysis and experimental screening. This sequence is specially optimized, so the 

transcription level thereof is slightly increased and the expression amount thereof is significantly 

increased. The similarity between the specially optimized coding sequence shown in SEQ ID NO.: 
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1 and the wild coding sequence shown in SEQ ID NO.: 2 is 72.25% (2005/2775), as shown in 

Figure 1. 

Optimized Homo sapiens: OPA1 isoform2 CDS 2775bp 

 

Fusion nucleic acid 5 

The present invention also provides a fusion nucleic acid comprising the nucleic acid sequence 

encoding the human type II mitochondrial dynein-like GTPase described in the first aspect of the 

present invention. 

As used herein, "fusion nucleic acid" refers to a nucleic acid formed by ligating two or more 

nucleotide sequences from different sources, or a nucleic acid formed by ligating two or more 10 

nucleotide sequences from the same source but not ligating to each other in their natural positions. 

In another preferred embodiment, the fusion nucleic acid further comprises a sequence selected 
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from the group consisting of a UTR sequence, a promoter sequence or a combination thereof. 

Preferably, the fusion nucleic acid has a UTR sequence operably linked to the nucleic acid 

encoding the human type II mitochondrial dynein-like GTPase. 

In another preferred embodiment, the UTR sequence includes a 3'-UTR and/or a 5'-UTR. 

In another preferred embodiment, the UTR sequence contains a polyA sequence for stabilizing 5 

the structure. 

In another preferred embodiment, the fusion nucleic acid has a structure of formula I from the 

5’-end to the 3’-end: 

Z1-Z2-Z3     (I) 

wherein 10 

each "-" is independently a bond or a nucleotide linker sequence; 

Z1 is a 5'-UTR sequence; 

Z2 is the nucleotide sequence as described in the first aspect of the present invention; and 

Z3 is a 3'-UTR sequence. 

Expression vector and host cell 15 

The present invention also provides an expression vector for OPA1 protein, which contains the 

optimized OPA1 coding sequence of the present invention. 

With the provided sequence information, a skilled person in the art can use available cloning 

techniques to generate nucleic acid sequences or vectors suitable for transduction into cells. 

Preferably, the nucleic acid sequence encoding the OPA1 protein is provided as a vector, 20 

preferably an expression vector. Preferably, it can be provided as a gene therapy vector preferably 

suitable for transduction and expression in retinal target cells. The vector can be viral or non-viral 

(e.g., a plasmid). Viral vectors include those derived from the following viruses: adenovirus, 

adeno-associated virus (AAV) including mutant forms, retrovirus, lentivirus, herpes virus, vaccinia 

virus, MMLV, GaLV, simian immunodeficiency virus (SIV), HIV, poxvirus and SV40. Preferably, 25 

the viral vectors are replication defective, although it is envisaged that they can be replication 

deficient, they are capable of replication or conditional replication. Viral vectors can usually 



 

24 

maintain an extrachromosomal state without integrating into the genome of target retinal cells. The 

preferred viral vector for introducing the nucleic acid sequence encoding OPA1 protein into retinal 

target cells is AAV vector, such as a self-complementary adeno-associated virus (scAAV). 

Selective targeting can be achieved using a specific AAV serotype (AAV serotype 2 to AAV 

serotype 12) or a modified version of any one of these serotypes (including AAV 4YF and AAV 5 

7m8 vectors). 

The viral vector can be modified to delete any unnecessary sequences. For example, as for 

AAV, the virus can be modified to delete all or part of the IX gene, E1a and/or E1b genes. For 

wild-type AAV, if there is no helper virus such as adenovirus, its replication efficiency is very low. 

For a recombinant adeno-associated virus, preferably, the replication gene and capsid gene are 10 

provided in trans (in a pRep/Cap plasmid), and only the 2ITR of the AAV genome is retained and 

packaged into the virions, while the required adenovirus genes are provided by an adenovirus or 

another plasmid. Similar modifications can also be made to a lentiviral vector. 

A viral vector has the ability of entering a cell. However, a non-viral vector such as a plasmid 

can be complexed with an agent to facilitate the uptake of the viral vector by a target cell. Such 15 

agents include polycationic agents. Optionally, a delivery system such as a liposome-based 

delivery system may be used. The vector for use in the present invention is preferably suitable for 

use in vivo or in vitro, and is preferably suitable for use in human beings. 

The vector will preferably contain one or more regulatory sequences to direct the expression 

of the nucleic acid sequence in retinal target cells. The regulatory sequence may include a promoter, 20 

an enhancer, a transcription termination signal, a polyadenylation sequence, an origin of replication, 

a nucleic acid restriction site and a homologous recombination site operably linked to the nucleic 

acid sequence. The vector may also include a selectable marker, for example, to determine the 

expression of the vector in a growth system (e.g., a bacterial cell) or in retinal target cells. 

"Operably linked" means that a nucleic acid sequence is functionally related to the sequence to 25 

which it is operably linked so that they are linked in such a way that they affect each other's 

expression or functions. For example, a nucleic acid sequence operably linked to a promoter will 
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have an expression pattern affected by the promoter. 

The promoter mediates the expression of the nucleic acid sequence to which it is linked. The 

promoter can be constitutive or inducible. A promoter can direct the ubiquitous expression in inner 

retinal cells or neuron-specific expression. In the latter case, the promoter can direct cell type-

specific expression, for example, the optic ganglion cells. Suitable promoters will be known to 5 

those skilled in the art. For example, a suitable promoter can be selected from the group consisting 

of: L7, thy-1, recoverin, calbindin, human CMV, GAD-67, chicken β-actin, hSyn, Grm6, and Grm6 

enhancer SV40 fusion protein. Targeting can be achieved using a cell-specific promoter, such as 

Grm6-SV40 for selective targeting to the optic nerve cells. The Grm6 promoter is a fusion of the 

200-base pair enhancer sequence of the Grm6 gene and the SV40 eukaryotic promoter, and the 10 

Grm6 gene encodes mGluR6, a metabotropic glutamate receptor specific for optic nerve cells. 

Preferred sources of the Grm6 gene are mice and human beings. Ubiquitous expression can be 

achieved using a pan-neuronal promoter, examples of which are known and available in the art. 

Such an example is CAG. CAG promoter is a fusion of CMV early enhancer and chicken β-actin 

promoter. 15 

An example of a suitable promoter is the immediate-early cytomegalovirus (CMV) promoter 

sequence. The promoter sequence is a strong constitutive promoter sequence capable of driving 

high-level expression of any polynucleotide sequence to which it is operably linked. Another 

example of a suitable promoter is elongation growth factor-1α (EF-1α). However, other 

constitutive promoter sequences can also be used, including but not limited to, simian virus 40 20 

(SV40) early promoter, mouse mammary tumor virus (MMTV), human immunodeficiency virus 

(HIV) long terminal repeat (LTR) promoter, MoMuLV promoter, avian leukemia virus promoter, 

Epstein-Barr virus immediate-early promoter, Rous sarcoma virus promoter, and human gene 

promoter, such as but not limited to actin promoter, myosin promoter, heme promoter and creatine 

kinase promoter. Further, the present invention should not be limited to the applications of 25 

constitutive promoters. Inducible promoters are also considered part of the invention. The use of 

an inducible promoter provides a molecular switch that can turn on the expression of a 
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polynucleotide sequence operably linked to an inducible promoter when such an expression is 

desired, or turn off the expression when the expression is not desired. Examples of inducible 

promoters include, but are not limited to, metallothionein promoters, glucocorticoid promoters, 

progesterone promoters and tetracycline promoters. 

Many expression vectors can be used to express OPA1 protein in mammalian cells (preferably 5 

human cells, more preferably human optic nerve cells or photoreceptor cells). Adeno-associated 

virus is preferably used as the expression vector in the present invention. 

The present invention also provides a method for constructing an adeno-associated virus vector 

for the recombinant application of the gene of recombinant human type II mitochondrial dynein-

like GTPase, which method can quickly and easily construct a recombinant adeno-associated virus 10 

vector carrying the gene of recombinant human type II mitochondrial dynein-like GTPase, which 

is packaged to obtain a replication-defective adeno-associated virus vector. 

The present invention also provides a host cell for expressing the OPA1 protein. Preferably, 

the host cell is a mammalian cell (preferably a human cell, more preferably a human optic nerve 

cell or a photoreceptor cell) which increases the expression amount of the OPA1 protein. 15 

Preparations and compositions 

The present invention provides a preparation or a composition which contains (a) the vector 

according to the third aspect of the present invention, and (b) a pharmaceutically acceptable carrier 

or excipient. 

In another preferred embodiment, the pharmaceutical preparation is used for treating eye 20 

diseases. 

In another preferred embodiment, the pharmaceutical preparation is used for treating hereditary 

optic neuropathy, preferably autosomal dominant optic atrophy (ADOA). 

An "active ingredient" in the pharmaceutical composition described in the present invention 

refers to the vector of the present invention, such as a viral vector (including an adeno-associated 25 

virus vector). The "active ingredients", preparations and/or compositions described in the present 

invention can be used for treating eye diseases. "Safe and effective amount" means that the amount 
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of the active ingredient can obviously improve pathogenic conditions or symptoms without 

producing serious side effects. "Pharmaceutically acceptable carrier or excipient" means one or 

more compatible solid or liquid fillers or gel substances which are suitable for human use and 

moreover must have sufficient purity and sufficiently low toxicity. "Compatibility" herein means 

that the individual components in the composition can be incorporated with the active ingredients 5 

of the present invention and incorporated with one another without obviously reducing the drug 

effects of the active ingredients. 

The composition may be a liquid or a solid, such as powder, gel or paste. Preferably, the 

composition is liquid, preferably liquid for injection. Suitable excipients will be known to those 

skilled in the art. 10 

In the present invention, the carrier can be administered to the eye by subretinal administration 

or intravitreal administration. In either mode of administration, the carrier is preferably provided 

as liquid for injection. Preferably, the liquid for injection is provided as a capsule or a syringe. 

The examples of the pharmaceutically acceptable carrier include cellulose and derivatives 

thereof (such as sodium carboxymethylcellulose, sodium ethyl cellulose, cellulose acetate and the 15 

like), gelatin, talc, solid lubricant (such as stearic acid, magnesium stearate), calcium sulfate, a 

vegetable oil (such as soybean oil, sesame oil, peanut oil, olive oil and the like), polyols (such as 

propylene glycol, glycerine, mannitol, sorbitol and the like), an emulsifying agent (such as 

Tween®), a wetting agent (such as sodium lauryl sulfate), a colorant, a flavoring agent, a 

stabilizing agent, an antioxidant, a preservative, pyrogen-free water and the like. 20 

The composition may include a physiologically acceptable sterile aqueous or non-aqueous 

solution, a dispersion, a suspension or an emulsion, and a sterile powder for reconstitution into 

sterile solution or dispersion for injection. Suitable aqueous and non-aqueous carriers, diluents, 

solvents or excipients include water, ethanol, polyols and suitable mixtures thereof. 

The nucleic acid or fusion nucleic acid encoding OPA1 provided by the present invention can 25 

produce OPA1 protein or OPA1 fusion protein in vitro or in vivo, and the fusion protein or the 

preparation containing the fusion protein can be used to prepare a drug for treating autosomal 
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dominant optic atrophy (ADOA). 

The optimized nucleic acid that encodes human type II mitochondrial dynein-like GTPase has 

a higher expression amount, thereby translating more OPA1 protein, and the MIS sequence in the 

optimized OPA1 protein can accurately make the GTP functional protein enter mitochondria, and 

therefore there are more GTPase being transfected into mitochondria. A medicament containing 5 

the nucleic acid of the present invention is injected into the vitreous cavity of the eye of a rabbit, 

and the medicament maintains activity in the vitreous cavity and the nucleic acid is transfected to 

optic nerve cells. As compared with the prior art, the optimized nucleic acid encoding OPA1 

expresses more OPA1 protein, which can better treat autosomal dominant optic atrophy (ADOA). 

As compared with the prior art, the present invention mainly has the following 10 

advantages: 

1. The gene coding sequence of the recombinant human type II mitochondrial dynein-like 

GTPase (OPA1) of the present invention has been specially optimized, including the optimization 

of the MIS coding sequence and the coding sequence of GTPase domain in OPA1. As compared 

with the unoptimized DNA coding sequence of OPA1, the expression amount is significantly 15 

increased, and more OPA1 protein is transfected into mitochondria. The optimized sequence 

ensures that the OPA1 protein is expressed at a significantly increased amount and has high 

biological activity. 

2. The optimized OPA1 encoding gene (SEQ ID NO.: 1) or the fusion nucleic acid in the present 

invention can effectively treat autosomal dominant optic atrophy (ADOA) with good safety. 20 

3. The present invention provides a non-human mammalian model of ADOA based on the 

inactivation of the gene of type II mitochondrial dynein-like GTPase, which model exhibits the 

pathological manifestations similar to autosomal dominant optic atrophy (ADOA), including 

reduced content of retinal ATP and apoptotic changes of mitochondria, and can be used for the 

experimental research, evaluation or drug screening for autosomal dominant optic atrophy 25 

(ADOA). 

4. The rAAV2-hOPA1 recombinant adeno-associated virus provided by the present invention 
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has significant and efficient improvement effects on the pathological conditions of the model mice 

of point mutation of ADOA (autosomal dominant optic atrophy), and can provide continuous 

improvement effects; and it can completely and effectively reverse the impacts of the disease in 

the model mice 3 months after a single administration. 

The present invention is further illustrated in connection with particular examples as follows. 5 

It should be understood that these examples are merely illustrative of the present invention and are 

not intended to limit the scope of the present invention. The experimental methods with specific 

conditions not specified in the following examples, are generally in accordance with conventional 

conditions, such as the conditions described in Sambrook et al., Molecular Cloning: A Laboratory 

Manual (New York: Cold Spring Harbor Laboratory Press, 1989), or conditions recommended by 10 

the manufacturer. All percentages and parts are calculated by weight unless otherwise indicated. 

Example 1 Construction of recombinant adeno-associated virus vector for the gene of 

recombinant human type II mitochondrial dynein-like GTPase and its virus packaging and 

purification methods 

1. Construction of recombinant adeno-associated virus vector containing the gene of human 15 

type II mitochondrial dynein-like GTPase 

1) Vector construction 

Two restriction digestion sites Kpn I and Sal I were added to the specially optimized gene of 

recombinant human type II mitochondrial dynein-like GTPase (SEQ ID NO: 1); alternatively, 

primers were designed according to this novel gene to amplify the gene by PCR to give a product, 20 

and the product and a pSNaV plasmid vector were respectively subjected to double digestion with 

Kpn I and Sal I; and the digested products were recovered and ligated overnight with T4 DNA 

Ligase, and the ligation products were transformed into competent cells to obtain recombinant 

pSNaV/rAAV2/2-hOPA1 isoform 2 (Fig. 2). 

2) Screening and identification of recombinants 25 

On LB plates after being cultured at 37°C, blue plaques and white plaques appeared, and the 

white plaques were the recombinant clones. The white colonies were picked out and added to a LB 
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liquid medium containing 100 mg/L of Amp and cultured at 37°C at 200 rpm for 8 h. Plasmids 

were extracted from the cultured bacterial suspension , with the plasmid extraction steps referring 

to the instructions from Biomiga. 1 μL of plasmid was taken as the template, and the specific 

primers were: 

1F: 5'-ATGTGGCGACTACGTCG-3' (SEQ ID NO. : 4)； 5 

1R: 5'-TTATTTCTCCTGATGAAGAG-3' (SEQ ID NO. : 5)； 

Procedures for PCR amplification 

Procedures 
1 2 

Temperature Time Temperature Time 

Predenaturation 95°C 3min 95°C 3min 

Denaturation 94°C 30s 94°C 30s 

Annealing 60°C 30s 58°C 35s 

Extension 72°C 60S 72°C 60S 

Repair extension 72°C 8min 72°C 8min 

Number of cycles 25C 25C 

The PCR product was detected by electrophoresis, and the result was shown in Fig. 3. A band 

of interest with a size of about 3000 bp was obtained. The identification results showed that the 

clone contained the gene of interest. 10 

3) Preservation of bacterial suspension, PCR amplification and fragment sequencing thereof 

1 mL of the identified bacterial suspension was pipetted and mixed with sterilized glycerol at 

a ratio of 1:3, and stored at -80°C; the bacterial suspension was subjected to sequencing; the 

sequence obtained by sequencing was aligned with the gene of recombinant human type II 

mitochondrial dynein-like GTPase, and a recombinant adeno-associated virus plasmid 15 

pSNaV/rAAV2/2-hOPA1 with the correct sequence was successfully obtained (Fig. 4). 

2. enveloping of rAAV2/2-hOPA1 isoform 2 recombinant adeno-associated virus 

1) On the day before transfection, 293T cells were inoculated in a 225cm2 cell culture flask 

with a seeding density of 3.0 x 107 cells/mL, wherein the medium was DMEM + 10% bovine serum, 

and cultured in an incubator containing 5% CO2 at 37°C overnight. 20 

2) The medium was changed on the day of transfection, and culture was continued with a fresh 
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DMEM medium containing 10% bovine serum. The culture medium was discarded when the cells 

had grown to 80-90%, and transfection was carried out using PlasmidTrans II (VGTC) transfection 

kit. The specific steps were as follows: 

(a) plasmids pAdHelper, pAAV-r2c5 and pSNaV-hOPA1 were taken from each transfection 

flask and mixed with DMEM+PlasmidTrans II (VGTC) (transfection reagent) according to the 5 

required ratios in a 1.5 mL sterile Ep tube, numbered as reagent A, and then the reagent A was kept 

still at room temperature for 10-15 min; 

(b) the reagent A was mixed with 30 mL of DMEM+10% bovine serum, numbered as reagent 

B; 

(c) the reagent B was evenly added into a cell culture flask, and culture was continued in an 10 

incubator containing 5% CO2 at 37°C; 

(d) complete medium (DMEM+10% bovine serum) was added for change 16 h after 

transfection. 

3) cells were collected 48 h after transfection. 

4) the collected cells were suspended in PBS, and frozen-thawed repeatedly 3 times. 15 

3. Purification and concentration of rAAV2/2-hOPA1 isoform 2 virus 

Three steps of chloroform treatment-PEG/NaCl precipitation-chloroform extraction were used 

to separate, concentrate and purify rAAV2/2-hOPA1 virus. Total recovery rate = number of virus 

particles in final product/number of virus particles in starting material. 

4. Verification of purity and titer of viruses 20 

SDS-PAGE separating gel and stacking gel were loaded, wherein the concentration of the 

separating gel is 10%. 15 μg of samples were respectively added to each sample well. After 

electrophoresis, the gel was stained with Coomassie Brilliant Blue and destained with a 

corresponding destaining solution until clear bands with low background appeared (Fig. 5). 

The results were shown in Fig. 5, VP1/VP2/VP3=1:1:10, the bands were clear and the ratio 25 

was normal, there was no impurity band, and the purity was above 99%. 

As for the determination of the titer of rAAV2/2-hOPA1 isoform 2, a fluorescence quantitative 
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PCR method was employed to determine the physical titer of rAAV2/2-hOPA1 isoform 2. 

Experimental materials: SYBRII (takara); primers for fragment of interest (20 μM); plasmid of 

interest for packaging virus (known concentration); virus to be determined; PCR eight-strip tube 

(Bio-red). 

Experimental method: template 1 μl, SYBRII 7 μl, primer 1 0.25 μl, and primer 2 0.25 μl were 5 

taken, and nuclease-free water was added up to 14 μl. 

PCR reaction conditions: pre-denaturation: 95°C 10 min; cycles: 95°C 15 sec, 60°C 1 min. 

Finally, it was determined that the genome titer was 1 x 1012 vg/mL. 

Example 2: experiment on effects of rAAV2/2-hOPA1 recombinant adeno-associated 

virus on ADOA (autosomal dominant optic atrophy) 10 

1. Injection into vitreous cavity of eye of rabbit 

Twenty-four rabbits were divided into 3 groups, including an experimental group A, an 

experimental group B and a control group. 50 μl of 1 X 1012 vg/mL rAAV2/2-optimized hOPA1 

isoform 2, rAAV2/2-original hOPA1 isoform 2 and rAAV-ZsGreen were respectively drawn, and 

injected into vitreous cavity by puncturing the flat part of ciliary body at 3 mm away from the 15 

corneal limbus. 

2. Slit lamp, intraocular pressure, fundus photography examinations 

Two groups of rabbits underwent slit lamp and intraocular pressure examinations respectively 

at day 1, day 3, day 7 and day 30 after the operation. All rabbits had no obvious abnormalities, no 

conjunctival congestion and secretions, no endophthalmitis, and no increase in intraocular pressure 20 

as shown in fundus photographs one month after the operation. 

The results were shown in Fig. 6: all rabbits had no obvious complications or damages to the 

retinal blood vessels and optic nerves, indicating that a normal standard injection into vitreous 

cavity will not cause obvious inflammatory reactions or other complications. 

3. Fluorescence photography of retina 25 

Thirty days after vitreous cavity injection, fluorescence photography of retina of the ZsGreen 

group (control group) showed that GFP was successfully expressed on retina, indicating that rAAV 
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was used as a vector to carry GFP to transfect into the vitreous body of the eye of the rabbit, which 

demonstrated that rAAV2/2-hOPA1 isoform 2 recombinant gene can be expressed on retina. 

4. Immunofluorescence detection of hOPA1 

Thirty days after vitreous cavity injection, the eyeballs of the experimental groups A and B and 

the control group were peeled off and made into paraffin sections. The paraffin sections were 5 

placed in a 65 °C oven to oven-dry for 2 h, subjected to deparaffinization until they were placed in 

water, and rinsed with PBS three times for 5 min each. The sections were placed in EDTA buffer 

solution to undergo microwave repair, followed by turning off the power after boiling on medium 

heat, standing 10 min as an interval, and placing the sections on low heat until boiling. After natural 

cooling, the sections were washed with PBS 3 times for 5 min each. The sections were placed into 10 

3% hydrogen peroxide solution and incubated at room temperature for 10 min. The sections were 

washed with PBS 3 times for 5 min each, and blocked with 5% BSA for 20 min after spin-drying. 

BSA solution was removed, followed by adding 50 μl of diluted primary antibody to each section 

to cover the tissue and standing overnight at 4°C. Then the sections were washed with PBS three 

times for 5 min each. The PBS solution was removed, 50 μl-100 μl of fluorescent secondary 15 

antibodies of the corresponding species were added to each section, and the sections were 

incubated away from light at room temperature for 50 min-1 h. The sections were washed with 

PBS away from light for 3 times, 5 min each time. The PBS solution was removed. 50-100 μl of 

DAPI was added to each section for staining the nuclei away from light for 5 min. The sections 

were washed with PBS for 3 times, 5 min each time. After the sections were slightly dried, the 20 

sections were mounted with an anti-fluorescence quenching mounting medium, and stored away 

from light at 4°C ready for photographing. 

The results of anti-hOPA1 immunofluorescence of retina were shown in Fig. 7, and the 

fluorescence intensity of the experimental group A was significantly higher than that of the 

experimental group B, with a significant difference and an increase by more than one fold. It was 25 

shown that the expression amount of hOPA1 on the retina of the experimental group A was 

significantly higher than that of the control group and the experimental group B. 
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5. OCT detection 

The results showed that the thickness of the retinal nerve fiber layer of the experimental group 

A and the experimental group B were 67.55 μm and 66.00 μm, respectively, with no significant 

difference (P>0.05, Fig. 8). 

6. HE detection 5 

HE results showed that the number of retinal ganglion cells in the experimental groups and the 

control group were substantially the same, and the structures were complete, indicating that the 

rAAV-hOPA1 recombinant gene was safe and did not cause damage to the retina (Fig. 9). 

7. Real-Time PCR for detecting the expression of hOPA1 

Firstly, an NCBI's conserved domain analysis software was used to analyze the conserved 10 

structure of hOPA1 to ensure that the amplified fragments with the designed primers were located 

in the non-conserved region; and then primers were designed using Primer premier 5 according to 

the primer design principles of fluorescent quantitative PCR: 

Rabbit-actin-F:  

Rabbit-actin-R:  15 

Original hOPA1-F:  

Original hOPA1-R:  

Optimized hOPA1-F:  

Optimized hOPA1-R:  

1) RNA extraction and reverse transcription 20 

A TRIZOL kit was used to extract total RNA from rabbit retina in different experimental 

groups and reverse transcription was performed to produce a cDNA template. 

2) Fluorescence quantitative PCR reaction system and reaction procedure 

Fluorescent quantitative PCR was performed on the Real-time PCR Detection System. 12.5 μL 

of SYBR Green mix, 8 μL of ddH2O, 1 μL of each of a pair of primers, 2.5 μL of cDNA sample 25 

were added into a 0.2 mL PCR reaction tube, and the total system was 25 μL. Each sample was 
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used for the amplification of the gene of interest and the internal reference gene rabbit-actin, and 

the amplification of each gene was done in three replicates. When actually adding samples, in order 

to reduce the error, the reagents which were common in each PCR reaction tube can be added 

together and then aliquoted. Fluorescent quantitative PCR was performed after completing sample 

adding. 5 

Amplification was carried out according to the following reaction procedures: total 40 cycles 

of pre-denaturation at 95°C for 1 s, denaturation at 94°C for 15 s, annealing at 55°C for 15 s, and 

extension at 72°C for 45 s, and fluorescence signals were collected during the extension stage of 

each cycle. The melting curve at 94°C-55°C was analyzed after the reaction was completed. 

The 2-ΔΔCT relative quantitative method (Livak et al., 2001) was used to study the difference 10 

in gene expression amount. This method did not need to make a standard curve; the housekeeping 

gene rabbit-actin was used as the internal reference gene, and the analysis software that comes with 

the instrument can automatically generate the expression values. 

The results were shown in Fig. 10, the relative expression amount of hOPA1 gene mRNA in 

experimental group A and experimental group B were both higher than the relative expression 15 

amount of hOPA1 gene in control group, and the relative expression level of mRNA in 

experimental group A is slightly higher than that in experimental group B. 

8. Western blot for detecting hOPA1 protein expression 

The retinas of eyeballs of rabbits in different experimental groups were peeled off, a RIPA lysis 

solution of corresponding volumes was added according to 100 μL/50 mg tissues, followed by 20 

homogenizing with a homogenizer, and centrifuging to collect the supernatant. After the protein 

concentration was determined by BCA method, the sample-loading volumes of the experimental 

groups and the control group were calculated according to the total protein of 50 μg, and SDS-

PAGE gel electrophoresis and Western blotting were performed. ECL development was performed 

after incubating with an antibody. 25 

The results were shown in Fig. 11, the relative expression level of hOPA1 in experimental 

group A (1.13) by Western blotting was significantly higher than that in experimental group B 
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(0.19) and control group (0.05) with a significant difference P>0.05, indicating that the expression 

level of hOPA1 on retina in experimental group A was significantly increased, which was about 5 

times and 22 times higher than that of experimental group B and control group, respectively. 

Example 3: experiment on long-term effects of rAAV2-hOPA1 recombinant adeno-

associated virus on ADOA (autosomal dominant optic atrophy) 5 

1. Injection into vitreous cavity of eye of mice 

Wild-type C57BL/6J mice were administered via vitreous cavity, and the mice were randomly 

grouped, 2 mice/cage, administered rAAV2/2-OPA1 at a concentration of 2E11vg/ml and a 

volume of 1 μL via sub-vitreous injection. The mice were divided into a 7-day group, a 15-day 

group, a 20-day group, a 30-day group, a 45-day group, a 60-day group, and a 90-day group after 10 

administration. The mice of different groups were sacrificed when the specified date reached, 

eyeball samples were obtained, and relevant detection and analysis were performed. 

2. Real-Time PCR for detecting the expression of hOPA1 

As the methods and steps described in Example 2, total RNA extraction, RNA concentration 

determination and electrophoresis identification, reverse transcription and real-time PCR 15 

identification were performed. 

wherein, the primer sequences used were: 

Primer F:  

Primer R:  

The reaction conditions used: amplification was performed according to the reaction 20 

procedures of 40 cycles of pre-denaturation at 95°C for 3 min, denaturation at 95°C for 10 s, 

annealing at 60°C for 15 s, and extension at 72°C for 25 s, and fluorescence signals were collected 

during the extension stage of each cycle. The melting curve at 95°C-60°C was analyzed after the 

reaction was completed. 

The 2-ΔΔCT relative quantitative method (Livak et al., 2001) was used to study the difference 25 

in gene expression amount. This method did not need to make a standard curve; the housekeeping 
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gene actin was used as the internal reference gene, and the analysis software that comes with the 

instrument can automatically generate the expression values. 

The results were shown in Fig. 11: after injection using rAAV2-OPA1 virus into the vitreous 

cavities of the eyes of the mice, all the genes of interest at day 7, day 15, day 20, day 30, day 45, 

day 60, and day 90 detected by RT-PCR were higher than the level before administration and the 5 

expression amount approximately from day 20 to day 30 was the highest. 

Example 4: Construction and identification of model mice of ADOA (autosomal dominant 

optic atrophy) 

1. CRISPR/Cas9 technology was utilized to carry out mouse OPA1 Q285Stop point mutation, 

and the mutated exon was exon8 (highly conserved GTPase region (exons 8-16)). A target ending 10 

with NGG was designed at the mutation site and cleaved with the action of CRISPR/Cas9. A donor 

of about 120 bp was constructed in vitro, and the exogenous donor was inserted into the cleavage 

site by homologous recombination. The design of guideRNA, the OPA1 structure and the design 

strategy were shown in Fig. 12. 

Among them were: coding region (uppercase), non-coding region (black), and intron region 15 

(lowercase); 
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2. Construction of model mice of ADOA (autosomal dominant optic atrophy) 

(1) a CRISPR-CAS9 technology was used to construct a recombinant plasmid having OPA1 

Q285Stop point mutation, followed by replacing with a DNA sequence having a selectable marker 

for homologous mutation to obtain a monoclonal embryonic stem cell having a positive Q285Stop 5 

OPA1 point mutation; 

(2) chimeric mice were prepared by using the mouse embryonic stem cell clone having an 

OPA1 point mutation obtained in step (1); 

(3) the chimeric mice obtained in step (2) were allowed to mate with normal wild-type mice 

and then breeding, and the offspring were screened for heterozygous mice having the OPA1 point 10 

mutation; 

(4) a homozygous mouse having OPA1 Q(glutamine) 285Stop point mutation was obtained 

through the mutual mating of the heterozygous mice obtained in step (3), thereby obtaining a mouse 

model of OPA1 Q(glutamine) 285Stop point mutation. 

3. Identification of model mice of point mutation of ADOA (autosomal dominant optic atrophy) 15 

3.1 Genomic DNA extraction 

(1) Digestion: a mouse toe of 0.5 cm was cut from a mouse within a week after birth and added 

in a 1.5 ml EP tube, and subjected to a slight centrifugation, followed by adding 500 μl of lysis 

solution (formulation: 100 mM Tris pH 8.0, 5 mM EDTA pH 8.0, 0.5% SDS, NaCl 1.17 g/100 ml), 

0.5 μl proteinase K (concentration: 20 mg/ml, dissolved in 20 mM Tris pH 7.4 and 1mM CaCl2, 20 

50% glycerol buffer, stored at -20°C), mixing evenly and digesting in a water bath at 55° C 

overnight; 

(2) DNA extraction via isopropanol precipitation: 

1) The centrifuge tube was taken from the water bath kettle and allowed standing at room 
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temperature for 10-15 min to lower the sample temperature to room temperature, and the centrifuge 

tube was inverted to mix evenly. Centrifugation was performed at 13,000 rpm at room temperature 

for 15 min. 

2) 400 μl of supernatant was pipetted into another new centrifuge tube. An equal volume of 

isopropanol was added and the tube was immediately turned upside down gently to mix thoroughly; 5 

when a white flocculent precipitate appeared, centrifugation was performed at 12000 rpm at room 

temperature for 10 min and the supernatant was discarded. 

3) 700 μl of ice-cold 75% ethanol was added to the centrifuge tube to rinse the product, and the 

tube was turned upside down gently to mix evenly. Centrifugation was performed at 12000 rpm at 

room temperature for 5 min and all the supernatant was discarded. 10 

4) The centrifuge tube was turned upside down on an absorbent paper to absorb the ethanol. 

After air-drying, DNA was dissolved in 50 μl of sterile ddH2O, dissolution was allowed at 55°C 

for 2 h (if not used immediately, stored at -20°C). 

5) The concentration of DNA was determined and 100-200 ng of DNA was taken out and used 

as PCR template. 15 

3.2 Primers and PCR reaction 

A primer pair was synthesized so as to obtain a nucleic acid amplification product (length of 

530 bp) containing Q285 site through PCR amplification. 

3.3 Identification results 

The total DNA of the mice was extracted and the PCR products were sequenced. 20 

The results were shown in Fig. 13, which showed that the base C at position 285 has mutated 

into T, indicating that the point mutant mouse was successfully prepared. 

Example 5: Experiment on Improvement of model mice of point mutation of ADOA 

(autosomal dominant optic atrophy) with rAAV2-hOPA1 recombinant adeno-associated 

virus 25 

1. Method 

OPA1 mutant mice of 2 mice/cage were taken and divided into 3 groups. The rAAV-OPAl 
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concentration was 2E11vg/ml and the administration volume was 1 μL, and the mice were injected 

subvitreously. The mice in different groups were sacrificed after one month and three months to 

obtain eyeball samples. The OPA mutant group was injected subvitreously with 1 μL of PBS, and 

the wild mice of 2 mice/cage were taken and were injected subvitreously with 1 μL of PBS as the 

control group. Detection and analysis were carried out for the changes of ATP content and 5 

mitochondrial morphology observation. 

2. Changes of ATP content in the retina of mice after administration by high performance liquid 

chromatography (HPLC) 

2.1 The retina of wild-type mice and OPA1 mutant mice after administration was taken and 

washed once with pre-cooled PBS, and placed in liquid nitrogen 10 

2.2 ATP extraction 

(1) Liquid nitrogen grinding 

(2) 1 ml of iced phenol-TE (containing DTT), 200 μl of chloroform and 150 μl of ultrapure 

water were added, followed by shaking and mixing evenly at 4°C for 20 s, and performing 

centrifugation at 10,000 g for 10 min 15 

(3) 200 μl of water phase was taken, filtered with 0.22 μm filter membrane, and loaded onto a 

machine to detect ATP by HPLC 

(4) Protein concentration was determined using BCA method 

2.3 Chromatographic analysis method 

Chromatographic column: Sepax GP-C18, (4.6 mm x 250 mm, 5 μm) 20 

Mobile phase A: 15 mM KH2PO4, 15 mM KCL, and 0.1 M KOH used to adjust the pH to 6.0 

Mobile phase B: 85% mobile phase A mixed with 15% acetonitrile 

Loading volume: 20 μl 

Detection wavelength: 254 nm 

Gradient elution conditions: 25 

Time (min) Mobile phase A (%) Mobile phase B (%) Flow rate 

0 100 0 0.54ml/min 
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0.28 97 3 0.54ml/min 

9.72 91 9 0.54ml/min 

13.89 0 100 0.54ml/min 

19.44 0 100 0.54ml/min 

33 100 0 0.54ml/min 

44 100 0 0.54ml/min 

The results were shown in Fig. 14: HPLC detection found that the ATP content in the OPA1 

mutant mice in the control group was decreased, while in the experimental group that the rAAV2-

OPA1 viruses were injected into the vitreous cavities of the eyeballs of the mice, the content 

increased to a normal level after administration, indicating that the ATP content can be restored 

after OPA1 administration. 5 

It can be seen from Fig. 14 that after 1 month of administration and 3 months of administration, 

the ATP content in the eyeballs of the mice increased with time; the ATP content in the eyeballs 

of the OPA1 mutant mice until 3 months after administration was equivalent to the ATP content 

in the eyeballs of the wild-type mice, suggesting that the use of rAAV2-OPA1 virus effectively 

reversed the occurrence of the disease. 10 

3. Observation of morphology of mitochondria by transmission electron microscope (TEM) 

After the mouse eyeballs were taken, they were respectively immersed in 2.5% glutaraldehyde, 

fixed overnight, washed with 0.1 mol/L phosphate buffer solution 3 times for 15 min each time, 

fixed with osmic acid for 2 h, and washed with 0.1 mol/L phosphate buffer solution 3 times for 15 

min each time, and gradient dehydration was carried out using ethanol (50%, 70%, 80%, 90%, 15 

100%), followed by transiting to use pure acetone and dehydrating with pure acetone twice. Each 

step lasted 15 minutes. Gradient penetration was carried out using 812 resin:acetone with the ratios 

of 3:1, 3:2, and 3:3 with each step lasting 40 minutes, followed by embedding with a pure 

embedding agent at 45°C overnight, polymerizing at 60°C, sectioning, staining, and observing 

under a transmission electron microscope. 20 

The results were shown in Fig. 15, TEM electron microscopy observed the disappearance of 

mitochondrial cristae in OPA1 mutant mice, indicating the occurrence of apoptosis. The recovery 
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of mitochondrial cristae in OPA1 mutant mice was observed 1 month after administration, and 

significant recovery was observed after 3 months, suggesting that the use of rAAV2-OPA1 virus 

effectively reversed the occurrence of the disease. 

Discussion 

With the rapid development of gene therapy in the treatment of eye diseases, the cure of ADOA 5 

will not be difficult. Since human eyes and rabbit eyes are similar in anatomy and volume, the 

present invention used rabbit eye as a model for vitreous cavity injection of rAAV2/2-hOPA1 

isoform 2. This experiment studied the injection dosage, safety level and postoperative 

complications, and provided important references for future clinical trials. All rabbits were 

subjected to slit lamp and intraocular pressure examinations, and had no obvious abnormalities, no 10 

conjunctival congestion and secretions, no endophthalmitis, and no increase in intraocular pressure. 

Fundus photographs taken one month after the operation showed that all rabbits had no obvious 

complications or damages to the retinal blood vessels and optic nerves, suggesting that this 

experiment was safe. 

The results of immunofluorescence, real-time quantitative PCR and Western blot could 15 

demonstrate that hOPA1 can be stably expressed on the retina of the rabbits. Since ADOA lesions 

can cause the apoptosis of retinal ganglion cells around the optic disc, a stable fluorescence 

expression in the retina around the optic disc can be detected in the retinal sections in the rAAV-

ZsGreen group. The fluorescent staining results of hOPA1 could demonstrate that it can reach the 

retinal ganglion cells, indicating that rAAV2/2-hOPA1 isoform 2 can reach the diseased area in 20 

the patient's eye. The results of fundus photography and OCT showed that a single vitreous cavity 

injection of 5 x 1010 vg/mL rAAV2/2-hOPA1 isoform 2 was safe and had no retinal toxicity, and 

could be used in future clinical trials.  

All the documents referred in the present invention are incorporated by reference in the present 

application as if each document was individually incorporated by reference. In addition, it should 25 

be understood that after reading the teachings of the present invention described above, a skilled 

person in the art can make various changes or modifications to the present invention, and these 
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equivalent forms also fall into the scope as defined by the appended claims of the present 

application. 
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CLAIMS 

1. A nucleotide sequence, wherein the nucleotide sequence encodes a human type II 

mitochondrial dynein-like GTPase, and the nucleotide sequence includes one or more nucleotide 

sequences selected from the group consisting of: 

(a) a nucleotide sequence shown in SEQ ID NO.: 1; 5 

(b) a nucleotide sequence being ≥95%, preferably ≥98%, and more preferably ≥99% identical 

to the nucleotide sequence shown in SEQ ID NO.: 1; 

(c) a nucleotide sequence shown in SEQ ID NO.: 2; and 

(d) a nucleotide sequence being ≥95%, preferably ≥98%, and more preferably ≥99% identical 

to the nucleotide sequence shown in SEQ ID NO.: 2. 10 

2. The nucleotide sequence of claim 1, wherein the nucleotide sequence is shown in SEQ ID 

No.: 1. 

3. A fusion nucleic acid, wherein the fusion nucleic acid comprises the nucleotide sequence 

of claim 1. 

4. The fusion nucleic acid of claim 3, wherein the fusion nucleic acid has a structure of 15 

formula I from the 5’-end to the 3’-end: 

Z1-Z2-Z3    (I) 

wherein 

each "-" is independently a bond or a nucleotide linker sequence; 

Z1 is null or a 5'-UTR sequence; 20 

Z2 is the nucleotide sequence of claim 1; and 

Z3 is a 3'-UTR sequence. 

5. A vector, wherein the vector comprises the nucleotide sequence of claim 1 or the fusion 

nucleic acid of claim 3. 

6. The vector of claim 4, wherein the vector is selected from a plasmid or a viral vector, 25 

preferably selected from a lentiviral vector, an adenovirus vector, an adeno-associated virus vector 

or a combination thereof. 
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7. The vector of claim 6, wherein the vector is an AAV vector, and the serotype is selected 

from AAV2, AAV5, AAV7, AAV8 or a combination thereof. 

8. The vector of claim 7, wherein the vector is an AAV vector into which the nucleotide 

sequence or the fusion nucleic acid is inserted. 

9. The vector of claim 5, wherein the vector is selected from a DNA virus vector or a retroviral 5 

vector. 

10. A host cell, wherein the host cell comprises the vector of claim 5, or the exogenous 

nucleotide sequence of claim 1 or the fusion nucleic acid of claim 3 is integrated into the 

chromosome of the host cell. 

11. The host cell of claim 10, wherein the host cell is selected from the group consisting of a 10 

293T cell, a photoreceptor cell (including a cone cell and/or a rod cell), other visual cells (such as 

a bipolar cell), an (optic) nerve cell or a combination thereof. 

12. The use of the vector of any one of claims 5-9, wherein the vector is used for preparing a 

preparation or a composition for restoring the vision and/or treating the eye diseases in a subject. 

13. A pharmaceutical preparation, wherein the preparation comprises (a) the vector of any 15 

one of claims 5-9, and (b) a pharmaceutically acceptable carrier or excipient. 

14. The pharmaceutical preparation of claim 13, wherein the dosage form of the 

pharmaceutical preparation is selected from the group consisting of a lyophilized preparation, a 

liquid preparation or a combination thereof. 

15. The pharmaceutical preparation of claim 13, wherein the content of the (a) vector in the 20 

pharmaceutical preparation is 1 x 109-1 x 1016 viruses/mL, preferably 1 x 1011-1 x 1013 viruses/mL, 

and more preferably 2 x 1011-1 x 1012 viruses/mL. 

16. The use of the pharmaceutical preparation of claim 13, wherein the pharmaceutical 

preparation is used for treating eye diseases, preferably for treating retinal ganglion cell apoptosis. 

17. The use of the pharmaceutical preparation of claim 13, wherein the pharmaceutical 25 

preparation is used for treating hereditary optic neuropathy, preferably autosomal dominant optic 

atrophy (ADOA). 
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18. A method for increasing the expression and/or activity of a mitochondrial dynein-like 

GTPase for a long time, wherein the method comprises introducing the vector of claims 5-9, and/or 

administering the pharmaceutical preparation of claims 13-15. 

19. A treatment method, wherein the method comprises administering the vector of any one 

of claims 5-9 to a subject in need thereof. 5 

20. A method for preparing a recombinant human type II mitochondrial dynein-like GTPase, 

wherein the method comprises culturing the host cell of claim 10, thereby obtaining the 

recombinant human type II mitochondrial dynein-like GTPase. 

  


