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Figure S1. Sequence and characterization of the anti-GnRH antibody SMI41. 
(A) DNA and protein sequences of anti-GnRH SMI41 antibody, as designed for expression in the AAV2/8 vector described by Balazs et al. [S1]. The coding sequence (Genbank, KT336475) is organized from 5' to 3' as human growth hormone signal sequence - heavy chain variable region - heavy chain constant region - 2A sequence mediating ribosome skipping to 3' coding region. The 3' coding region consists of a human growth hormone signal sequence, light chain variable region, light chain constant region. Sequence components are separated by color. (B) Surface plasmon resonance binding data for GnRH binding to SMI41. Sensograms in various colors are shown for binding of injected GnRH at various concentrations (64nM, 32nM, 16nM, 8nM, 4nM, 2nM, and 1nM) to a surface coated with goat-anti-mouse IgG, and subsequently bound with SMI41. Fits for a single-site binding model are shown as black lines. (C) Dose-dependent inhibition of progeny number in females expressing SMI41, and fertility of age-matched controls. Embryo number is plotted as a function of SMI41 titer at week 12, four weeks after the first mating. The control females are the same as those indicated in (D), aged four months. (D) Four-month old non-injected females (controls for AAV-injected females at week 8 post injection) and 12-month old females, (controls for AAV-injected females at 44 weeks post injection) were introduced individually to a four-month old CD1 male. The number of embryos generated over a one-month period is plotted. The fertility of 4-6 month old and 12-14 month old males was assayed similarly following introduction to a 2-month old non-injected CD1 female. (E) Testes area is plotted for 15 SMI41 sterile males, three of the six SMI41 fertile males, and for 18 age-matched controls. (F) Testes area is plotted with respect to SMI41 antibody titer at final time point for each male. 
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Figure S2. Sequence and characterization of the anti-murine ZP2 antibody IE3. 
(A) DNA and protein sequences of anti-ZP2 IE3 antibody. The coding sequence (Genbank, KT33647) is organized from 5' to 3' as human growth hormone signal sequence - heavy chain variable region - heavy chain constant region - 2A sequence mediating ribosome skipping to 3' coding region. The 3' coding region consists of a human growth hormone signal sequence, light chain variable region, light chain constant region. Sequence components are indicated by color, and are arranged for expression in the AAV2/8 vector described by Balazs et al. [S1]. (B) Eggs were superovulated from control and AAV-IE3 females (Supplemental Experimental Procedures). An egg superovulated from a control female shows ZP staining when pre-incubated with IE3 (upper right), followed by incubation with the fluorescently labeled secondary anti-mouse IgG, but not when incubated with the secondary antibody alone (upper left). In contrast, an egg superovulated from an AAV-IE3 female shows ZP staining when incubated with secondary alone (lower left), or following incubation with IE3 in vitro (lower right), consistent with binding of IE3 to the ZP in vivo. Note that while the ZP from control females is smooth, the ZP from AAV-IE3 females is not uniform in texture, and contains gaps or rips, as well as clumps of IE3-reactive material (lower panels). Scale bar = 20 m. (C) Progeny numbers of five initially fertile IE3-expressing mice as compared with fertility of age-matched control females. (D) IE3 titers of female mice injected with AAV-IE3 are plotted over time, as in Figure 1. Symbols are as in Figure 1. The blue line indicates a female (#74) who gave birth twice (see main text and Table S1 for details). 
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Identity of each mouse, sex, AAV dose, antibody titer, and number of progeny if fertile. Times post AAV injection in weeks are noted as column headings. Male mice that were assayed for serum testosterone and testes area are also indicated.
Supplemental Background
There is a need for long-term or permanent non-surgical methods of contraception [S2,S3], and for non-lethal methods of population control for captive and free roaming animals [S4-S6]. Reproduction requires the production, action and regulation of multiple hormones, production of gametes, fusion of sperm and egg, and maintenance of pregnancy. Many peptides and proteins required for these processes are located in the extracellular space or at the cell surface, and are therefore accessible to antibodies expressed in vivo. Vaccination with proteins or peptides important for reproduction has been known for many decades to be able to cause infertility. Often this is thought to be due to the development of antibodies that bind to one or more proteins or carbohydrate epitopes, blocking or otherwise modifying the function of molecules important for fertility [S5-S8]. These, and related observations demonstrating that infertility in some couples is associated with the generation of anti-sperm antibodies in one or the other partner [S9], and that passive infusion of monoclonal antibodies targeting the zona pellucida results in infertility in mice [S10,S11], argue that antibody titers can be sufficient, in otherwise healthy individuals, to inhibit fertility.

These positive results notwithstanding, contraception through vaccination (immunocontraception) is inherently challenging because the kinetics, magnitude, and nature of the immune response to vaccination shows individual variability. First, some individuals never mount a strong immune response, while others may require multiple boosts to achieve adequate antibody titer. Second, antibody titer often decreases over time, resulting in restoration of fertility. However, one cannot predict if or when this will occur. Finally, vaccination can also result in more permanent reproductive tissue damage when antibody effector- and/or T-cell-mediated pathways are activated. This diversity in response is not unexpected given the inherently stochastic nature of immune responses in individuals with diverse genetic backgrounds and immunological histories, and the fact that the antigens being targeted are self-antigens, tolerance to which must be broken. But it does mean that the outcome of vaccination is often unpredictable [S5-S8]. 

Several efforts have been made, with varying degrees of success, to increase the effectiveness of immunocontraception through vaccination of animals with live viruses that express proteins involved in reproduction [S12]. Examples include mice [S13,S14], rabbits [S15], foxes [S16,S17], and cats [S18]. Live virus-based immunocontraception has been particularly successful in mice, with subfertility or infertility being induced at high frequency when mice were exposed to ectromelia virus or murine cytomegalovirus designed to express protein components of the ZP [S12-S14]. However, in contrast to the results described in the current manuscript, infertility in these experiments was often associated with progressive loss of follicles and disruption of developing follicles. These results highlight the fact that while infection resulted in infertility of varying duration, the exact composition of antibody types (which each have distinct effector activities), and/or T-cell mediated responses induced, is not easily controlled, and may result in unwanted tissue damage. Finally, we note that use of a replication-competent virus, even one that has been attenuated, raises a number of ecological and regulatory issues relating to possible recombination between the modified virus and wild counterparts, the host range of the virus, and the possibility of virus spread to other individuals and/or outside the area in which fertility control is desired. 

In the current manuscript we bypassed reliance on the natural immune system by providing recombinant monoclonal antibodies likely to inhibit reproduction directly to the individual, from a transgene introduced into skeletal muscle in a recombinant, replication-incompetent AAV. AAVs are non-pathogenic, naturally replication-deficient parvoviruses. Wildtype AAV requires co-infection in the same cell with helper viruses such as Adenovirus or Herpes Simplex virus for productive infections. An AAV consists of a linear single-stranded DNA genome surrounded by a non-enveloped capsid. The genome comprises rep and cap genes flanked by two inverted terminal repeats (ITRs). Recombinant AAV (rAAV) vectors carry only the ITRs, with the gene of interest located between them. The rep, cap and Adenovirus or Herpes functions required for viral particle synthesis and assembly are provided from other sources, such as plasmids [S19]. As such, rAAV are blocked from replication through several different mechanisms when introduced into a host cell, and are classified as Risk Group 1 agents for lab and animal studies in the US [S20]. Importantly, because rAAV has a very limited packaging capacity, of about 4.7 Kb, it is not physically possible for recombination between rAAV and wildtype AAV, in an individual infected with wildtype AAV, to create a rAAV that carries a transgene and viral genes essential for replication (which would still require co-infection with Adenovirus or Herpes Simplex). Most copies of the rAAV genome remain episomal, and can maintain stable levels of gene expression in animals and humans for many years [S21-S23]. These features, in conjunction with the observations that greater than 70% of people are seropositive for one or more AAV serotypes [S24,S25], and that AAV is not associated with any human or animal disease [S20], have made AAV an attractive DNA delivery platform for many contexts, including the first gene therapy treatment approved for use in humans [S19]. That said, we emphasize that the approach to vectored contraception described herein is not mechanistically dependent on the use of AAV. A number of non-viral DNA delivery systems could in principal be used to achieve the same effect [S26,S27].

The peptide hormone GnRH is an attractive target for contraception in animals because it is required for both male and female fertility, and identical in sequence in most mammals. In consequence, inhibitors of GnRH should inhibit reproduction in both sexes of many species. One approach to inhibiting GnRH function temporarily involves the use of stable GnRH peptide mimetics that have agonist or antagonist activity. Agonist binding initially results in stimulation of FSH and LH secretion, leading to a surge in testosterone or estrogen levels, which can stimulate reproduction. However, prolonged exposure results in GnRH receptor downregulation, resulting in a hypogonadal state. Antagonists achieve the same result by binding to the receptor without activating it. Both agonists and antagonists are used in a variety of long-term settings in animals and in humans. In humans these include regimes that last for one or more years, for conditions such as precocious puberty and prostate cancer. Use of early generation agonists and antagonists was associated with some side effects, but current generation versions are generally well tolerated, with side effects limited to those associated with loss of reproductive hormones [S28-S31]. Slow release implants can provide agonists or antagonists for many months, and have been used in several animal species to reversibly inhibit fertility [S32,S33]. Alternatively, many groups have used vaccination to inhibit GnRH function in a variety of animals so as to inhibit reproduction [S7,S18,S34]. As with the use of small molecule inhibitors, side effects have been generally confined to those expected from loss of reproduction-associated hormones [S7,S18,S34]. GnRH vaccination has also been used to temporarily reduce testosterone production in men with androgen-dependent prostate cancer [S35]. While vaccination with GnRH can result in long-term infertility in some contexts, in others it is more transient and/or variable in onset. 

Supplemental Results and Discussion
In the main text we showed that rAAV-mediated delivery and expression of the anti-GnRH monoclonal antibody SMI41 results in a dose-dependent, long-term decrease in fertility in male and female mice (Figure 1, Figure S1 and Table S1). We use the word “infertile” to refer to those individuals who had titers at which no individuals became pregnant; we use the word “subfertile” to refer to those individuals who had titers that resulted in decreased numbers of progeny as compared with controls. In females, titers > 200 g/ml were, with several exceptions, associated with infertility, while females with lower titers showed dose-dependent subfertility (Figure S1C,D). The four exceptional females with titers greater than 200 g/ml who became pregnant (Figure 1A, Table S1) each suffered a drop in anti-GnRH titer during the month in which pregnancy was scored, which likely explains their return to fertility. The basis for these drops is unknown, but may reflect a general decline in health, such as that observed in the two starred females, one of whom suffered a dramatic drop in titer in the month prior to death at week 48. Several females with titers moderately lower than 200 g/ml also failed to become pregnant. This could be due to individual variability in the strength of the GnRH pulse that gives rise to the LH surge that drives ovulation, and/or the responsiveness of the pituitary or gonads of these females. Individual variability in characteristics of feedback pathways that regulate the hypothalamic-pituitary-gonadal axis in response to other physiological variables such as early life exposures, adipose content, age, and overall energy homeostasis may also play a role, topics that require further study [S36-S39]. Related to these points, we also observed that the titers of SMI41 required to inhibit male fertility were lower than those required in females (Figure 1A,B, Table S1). The basis for this difference is also unknown, but could simply reflect sex-dependent differences in the threshold levels of FSH and/or LH required for gamete differentiation and/or mating behavior in males versus females. Regardless, our results suggest that a threshold anti-GnRH titer does exist, and can be achieved through AAV-dependent expression. We emphasize, however, that the threshold titer needed to inhibit reproduction is likely to be species specific, and depend on details of brain and pituitary anatomy and vascularization (see below), and the magnitude and sign of the feedback signaling pathways that influence the hypothalamic-pituitary-gonadal axis [S36-S39]. 

Our observation that relatively high titers of SMI41 are required to induce infertility in mice may provide some explanation for why achieving permanent infertility through vaccination with GnRH has been challenging. GnRH acts within roughly a minute of its release from the hypothalamus [S40], in a very local environment, the portal capillary circulation, and is then rapidly degraded [S41]. Therefore, the only anti-GnRH antibodies in circulation relevant for inhibition of fertility are those present in the modest volume of the portal capillary circulation during a very brief window of time. In consequence, serum antibody titers need to be high, and the antibody-GnRH binding on-rate needs to be fast. It is likely to be challenging to stimulate the immune system through vaccination to continuously generate high titer anti-GnRH antibodies with these characteristics, particularly since GnRH is a self-antigen expressed continuously in all individuals. It may be possible to bring about infertility through VC at lower antibody titers by using engineered anti-GnRH antibodies with faster on-rates, or through the use of proteins that antagonize FSH and/or LH [S42-S45], which regulate fertility following entry into the general circulation.

Our work on ZP-based VC focused on use of the rat monoclonal antibody IE3 because it recognizes the N-terminus of mouse ZP2, which is particularly important for sperm-egg interactions in mammals in several contexts. First, an N-terminal domain of ZP2 is a critical ligand for sperm-ZP binding, and mediates taxon-specific interactions between mouse and human gametes [S46]. In addition, cleavage of the N-terminus of ZP2 post fertilization by the cortical granule protease ovastacin mediates the block to polyspermy [S47]. Finally, as noted above, passive infusion of IE3 into mice results in transient infertility in the absence of any ovarian pathology [S10,S11]. Together, these facts make the IE3-ZP2 interaction a model system for exploring antibody-mediated long-term inhibition of fertility in mammals. As discussed further below, an important consideration in VC is that the antibody utilized has minimal ability to cause tissue damage in the ovary or elsewhere. Our IE3 construct utilized the murine IgG1 Fc domain, which has very limited ability to activate complement or recruit other effectors [S48, S49], so as to reduce the possibility of antibody-dependent tissue damage (Supplemental Experimental Procedures).

When female mice exposed to IE3 for five weeks were entered into mating experiments, seven of twelve were infertile, while five were fertile with reduced litter sizes (Figure S2). Interestingly, the antibody titers of subfertile and infertile females were not significantly different from each other (Table S1). The basis for this initial difference in fertility is unclear. However, because the ZP is a multi-protein complex, we speculate that IE3 might prevent fertility, at least in part, through interactions that occur as the ZP is assembled during the multi-week process of follicle development. In such a model, reduced fecundity of some females at 5 weeks post-injection would reflect an interaction between increasing antibody titer and follicle stage, such that some developing follicles escaped IE3-dependent effects on ZP assembly or structure, but as mature follicles were not yet exposed to sufficient IE3 to block all sperm binding sites. This hypothesis requires further exploration, but is consistent with several observations. First, the five initially fertile females subsequently failed to give rise to any progeny, with the exception of one individual, who had a litter of one (Figure 1, Figure S2C, Table S1). Second, we superovulated eggs from 11-month old, control and infertile females exposed to AAV-IE3 for six months (Supplemental Experimental Procedures). Similar numbers of eggs were isolated from both groups, consistent with the lack of effect of IE3 on follicle maturation, as observed in histological sections of AAV-IE3 ovaries (Figure 1J,K). However, while the ZP of eggs from control females was smooth and uniform in texture, the ZP of eggs from AAV-IE3 females was rough, and often showed apparent gaps and/or clumps of IE3-reactive material, consistent with the possibility of developmental alterations to ZP assembly and/or structure (Figure S2B). The exact nature of these defects and their origin requires further study.

Our data show that long-term infertility can be brought about using gene delivery in a laboratory setting. However, a number of issues remain to be addressed. First, while mice constitute an appropriate system in which to demonstrate initial efficacy of transgene-based approaches to inhibition of fertility, mice are not long-lived as compared with many species of interest. rAAV-dependent expression of proteins for many years has been observed in large animals such as dogs and humans [S21-S23], but it remains to be demonstrated that the levels of antibody expression needed to achieve infertility can be achieved and maintained for extended times. It is also important to note that some humans and animals have pre-existing immunity to various serotypes of AAV [S50]. This can impede gene delivery and limit transgene expression. Various strategies are being developed to reduce or eliminate these effects, and include the identification of novel capsid serotypes, capsid engineering, and the use of capsid decoys [S51,S52]. It also remains to be seen if the cost of rAAV production can be brought down to a level that makes this approach to VC economically feasible. The use of non-viral gene delivery systems can, in principle, reduce or eliminate many of the problems associated with pre-existing immunity and cost. 

A contraceptive that has the potential to produce long-term infertility must meet a number of criteria in addition to efficacy. First of course it must be safe. Antibodies, as with other drugs, may have off-target binding. In addition, if immunogenic they could promote the creation of anti-idiotypic antibodies that may themselves bind other targets. Either of these scenarios can result in pathology [S53-S55]. Thus, with monoclonal antibodies used for contraception, as with the many monoclonal antibodies already in use to treat a variety of human and animal diseases such as cancer, rheumatoid arthritis, irritable bowel disease, autoimmune disease, and infectious disease [S56], it will be important to carry out extensive safety testing and antibody optimization before use [S53-S57] (see also the discussion below, of reversibility). Vectored expression of monoclonal antibodies is under development as immunoprophylaxis for a number of infectious diseases in humans [S58]. Ongoing phase I clinical trials involving vectored expression of the anti-HIV antibody PG9 in humans will begin to provide important data, albeit antibody-specific data, on these issues [S59].

Another issue that needs to be addressed is species-specificity. For many proteins considered as targets for VC, such as components of the ZP or sperm, it may be possible to create antibodies that recognize epitopes present in a target species, such as dogs or cats, but not distantly related species such as humans. For example, cat ZP2 has 83% identity to that of dog and only 67% identity to ZP2 of humans. That said, cat ZP2 is very similar to ZP2 from the Amur tiger (97% identity), and human ZP2 is almost identical to ZP2 from chimpanzees and gorillas (99%), suggesting that contraceptives meant to be used in one species could have effects in closely related species. Anti-GnRH antibodies constitute a special case, since GnRH is identical in most mammalian species. Immunogenicity of contraceptive antibodies utilizing framework and constant regions derived from the target species in a non-target species may limit antibody effectiveness in non-target species through neutralization, as is commonly observed when mouse monoclonal antibodies are introduced into humans [S60]. Nonetheless, the uncertainty associated with this issue argues that DNAs used for VC should be unable to replicate in vivo, and draws attention to the topic of reversibility.

It is not generally possible to simply “turn off” a vaccine-induced (or otherwise induced, as in autoimmune disease) immune response if desired. In consequence, the length of time vaccine-induced contraceptive antibodies are generated, and the timing of a drop in titer, is not generally under human control. We believe that in considering the possibility of VC in humans, and in some scenarios in other species, it is essential that it be possible to "turn-off" contraception, permanently eliminating production of the infertility-inducing protein, at will, in response to side effects or a desire to return to fertility. While speculative, we suggest several methods for achieving this goal. We emphasize that for each of these a whole set of issues related to safety of the reversal methodology must also be addressed, which is beyond the scope of this manuscript to discuss. Here our focus is simply technical feasibility given current technologies. First, a second injection at the same site as the first contraceptive vector injection could be carried out. This could introduce RNA or protein that brings about homing endonuclease or Cas9-mediated sequence changes to the transgene, inactivating it. It could also result in the introduction of a site-specific recombinase that brings about separation of the coding region from regulatory sequences, or a vector that drives the expression of transgene-silencing small RNAs [S61-S63]. Alternatively, one could take advantage of the ability of skeletal muscle to regenerate following damage [S64]. In this scenario the vector carrying the coding region for the contraceptive protein would also carry a transgene encoding a protein that responds to the presence of an otherwise benign compound (delivered orally or through injection) by promoting the elimination of transgene-expressing cells. Such systems are already in use as a component of cancer therapies, and as a safety feature in genetically engineered T-cells introduced into patients [S65]. This approach has the useful characteristic of not requiring a second injection at the same site as the first contraception-inducing injection. However, it would probably require the use of a non-AAV-based DNA delivery method given AAV's limited packaging capacity. In any of these, or other reversal methods, the fact that all individuals express the same antibody may make it possible to develop low cost finger stick-type assays to monitor titer-dependent progression to infertility, and its reversal, as with home testing for HIV [S66].

Finally, we touch on the topic of how to develop species-directed (if not absolutely species-specific), more efficacious (higher specific activity/transgene copy number) recombinant antibodies for VC. Traditional immunocontraception work has made great strides in identifying antigens and methods of delivery and presentation that result in the generation of a robust and antigen-specific immune response, associated with inhibition of fertility to varying degrees [S5-S8]. This large literature can be turned to the goal of creating better candidates for VC as follows. Following vaccination in the target species, animals with robust infertility would be focused on to the exclusion of others, with the primary focus becoming identification of B cells or blastocysts producing high affinity antibodies to the antigen/epitope of interest. These cells and their encoded antibodies can be isolated from many species following a blood draw [S67-S69]. Cells expressing antibodies that bind a molecule of interest can then be isolated through cell sorting with fluorescently labeled antigen [S70]. With these candidates in hand, focused experiments can be carried out, testing the efficacy of a homogeneous, cloned product - the actual contraceptive agent desired - delivered in various ways, at various titers. Related approaches have been used to isolate potentially contraceptive antibodies from infertile patients who spontaneously make anti-sperm antibodies [S71,S72]. Potentially contraceptive antibodies could also be isolated using the above approaches from men who have undergone a vasectomy, many of whom also produce anti-sperm antibodies [S9]. Finally, fully human antibodies can also be generated, without the use of human subjects, following vaccination of recently developed mice that carry a complete set of human germline immunoglobulin loci in place of their mouse counterparts [S73-S75].

Supplemental Experimental Procedures

Antibody cloning
Coding regions corresponding to the heavy and light chains of the mouse anti-GnRH monoclonal antibody SMI41 [S76], and the rat anti-mouse ZP2 antibody IE3 [S10], were generated as follows. The hybridoma expressing IE3 was obtained from ATCC (CRL-2463). Cells were initially cultured in Dulbecco’s modified Eagle’s medium (DMEM, ATCC) with 20% FBS, 4mM L-glutamine, 1.5 g/L sodium bicarbonate, 4.5 g/L glucose, 10 mM HEPES, 0.15 mg/ml oxaloacetate, 0.05 mg/ml pyruvate, 0.0082 mg/ml bovine insulin and 0.05 mM 2-mercaptoethanol, and then adapted to Hybridoma Serum-Free Medium (SFM, Life Technologies). Rat IE3 IgG2a was then purified using protein G (Pierce). Purified antibody was digested with PNGase F (peptide-N-glycosidase F, New England Biolabs), separated on an SDS-PAGE gel, and bands corresponding to heavy and light chains were isolated. Proteins were digested in-gel with trypsin, and then extracted for mass spectrometry, as detailed below. 

In parallel, total mRNA was isolated from IE3-expressing cells using the mirVanaTM miRNA Isolation Kit (Ambion). After extraction, RNA was treated with Ambion Turbo DNase to remove all DNA from the samples (Ambion/Applied Biosystems, Austin,TX). The quality of RNA was assessed using the Bioanalyzer 2100 (Aglient Technologies, Santa Clara, CA) and the NanoDrop 1000 UVVIS spectrophotometer (NanoDrop Technologies/Thermo Scientific, Wilmington, DE). RNA was used to carry out 5’-RACE using the FirstChoice® RLM-RACE Kit (Invitrogen), in order to obtain potential heavy and light chain variable sequences. The reverse primers used in 5’-RACE were generated from the constant regions of rat IgG2a (GenBank: BC091257.1) heavy chain and kappa light chain (GenBank: FQ234151.1). 

mRNA was also prepared for sequencing using the Illumina mRNA-Seq Sample Preparation Kit (Illumina San Diego, CA). A paired end library was produced and sequenced using the Illumina HiSeq 2000 sequencer. Following sequencing, the raw poly(A)+ transcriptome reads (27,014,898 total reads) were used to build a de novo transcriptome using Oases v0.2.08 and Velvet v.1.2.10 [S76]. The Oases and Velvet analyses were performed by using k-mer sizes ranging from 73 to 93 with an insert length of 230bp. The resulting FASTA formatted de novo transcriptome was then assembled into a Blast database using default settings for NCBI Blast Version 2.2.28. To identify the specific IE3 antibody sequences, we queried the IE3 database by blasting the variable sequences derived from 5'-RACE. The resulting Blast outputs were then manually analyzed to identify the final sequence. Putative heavy and light chain immunoglobulin sequences thus identified were then entered into the database used for analysis of mass spectrometry as predicted proteins. Mass spectrometry data from IE3 was searched against these new predicted protein sequences using MaxQuant, and peptide spectrum matches were identified. From a combination of the above procedures - mass spectrometry, 5’-RACE and RNA-seq - consensus protein sequences were arrived at for both heavy and light chains (see Figure S2A for sequence). These were tested as described below.

For SMI41, anti-GnRH antibody was first purified from mouse ascites fluid (Covance) using streptavidin-coated magnetic beads bound with biotinylated GnRH (US Biological Life Sciences) as an affinity reagent. Heavy and light chains were processed as above and digested with 3 endoproteinases, trypsin, chymotrypsin and GluC, in order to generate differently overlapping peptide products. The digests were analyzed by LC-MS/MS and the resulting raw data were sent for de novo antibody sequencing using CHAMPS, Bioinformatics Solutions Inc. (Waterloo, Canada). DNA corresponding to coding regions for the derived heavy and light chain protein sequences, optimized for expression in mice was gene synthesized by GenScript (see Figure S1A for sequence), and tested as described below. 

Liquid chromatography-mass spectrometry 
Mass spectrometry experiments were performed on an EASY-nLC 1000 (Thermo Scientific) connected to a hybrid LTQ-Orbitrap Elite with a Nanospray Flex Ion Source (Thermo Scientific). An aliquot of 200 ng of the digested peptides was separated on a 15-cm silica analytical column (75 µm ID) packed in-house with reversed phase 3 µm ReproSil-Pur C18AQ resin (Dr. Maisch GmbH, Ammerbuch-Entringen, Germany). Samples were analyzed using a 5% to 60% gradient at a flow rate of 300 nL/min over 85 min. Solvent A was 97.8 % water, 2% acetonitrile and 0.2% formic acid; solvent B was 80% acetonitrile, 19.8% water and 0.2% formic acid. Data were acquired in data-dependent mode using the top 15 peaks as previously described [S78]. 
Survey scan MS spectra (from m/z 400 to 1,600) and MS/MS spectra were acquired in the Orbitrap. AGC target for MS was 1 x 106 and AGC target for MS/MS was 5 x 105. Resolving power for MS and MS/MS was set at 240,000 and 30,000, respectively. 

Peptide ions were fragmented by HCD with a minimum signal of 5,000, a normalized collisional energy of 30%, an activation time of 100 ms and isolation width of 2 Da. Precursor ion charge state screening was enabled and singly charged and unassigned charge states were rejected. The dynamic exclusion duration was set to 90s; early expiration was disabled.

Mass spectrometry Data Analysis
Thermo raw data files were analyzed by MaxQuant (v 1.4.1.2) [S79,S80], and were searched against all mouse immunoglobulin sequences in UniProt as well as a database constructed from RNAseq data and an in-house contaminant database (247 sequences), including human keratins and proteases. MaxQuant options included variable modification on methionine oxidation (+15.9949), and protein N-terminal acetylation (+42.0106), deamidation of asparagine and glutamine (+0.9840), formation of pyro-glutamic acid from glutamine and glutamic acid (-17.0265 and -18.0106 respectively), and fixed modification on cysteine of carbamidomethyl (+57.0215). Trypsin-digested samples were specified with semi-specific tryptic digestion with up to two missed cleavages. Initial precursor mass tolerance was 7 ppm. After recalibration by MaxQuant, tighter individual precursor tolerances were calculated with a maximum tolerance of 4.5 ppm. Fragment ion tolerance was 20 ppm. Peptide and protein false discovery rates were fixed at 1% using the target-decoy approach with a reversed database. Additional analysis was performed using the CHAMPS antibody sequencing service, from Bioinformatics Solutions Inc. (Waterloo, Canada).

Gene synthesis and recombinant antibody expression
DNA designed to encode the variable regions from the heavy and light chains of SMI41 and IE3 were synthesized by GenScript, optimized for expression in mouse (Figure S1A and Figure S2A, respectively), and cloned into vectors containing the mouse IgG1 constant regions from InvivoGen (pFUSE2ss-CLIg-mk for the light chain; pFUSEss-CHIg-mG1 for the heavy chain). These vectors allow expression of secreted versions of antibody heavy and light chains.  Pairs of heavy- and light chain-expressing plasmids were transfected into HEK293-6E suspension cells and secreted antibodies were isolated from the medium, as above, using protein G affinity columns. 

Recombinant antibody characterization
Recombinant SMI41 was characterized for GnRH binding using the Biacore T200 system. Goat anti-mouse IgG (H+L) was immobilized to the CM5 chip surface using an amine coupling kit. In brief, N-hydroxysuccinimide (NHS) and 1-ethyl-3-(3-dimethylaminopropyl) carbodiimide hydrochloride (EDC) were mixed and pumped across the chip to activate the carboxymethyl-dextran surface. 1µM Goat anti-mouse IgG in 10 mM acetate buffer pH 5 was injected over the chip surface at the flow rate of 1 µl/min for 420s. Ethanolamine was then injected to block the remaining activated NHS-ester groups on the sensor chip. Kinetic measurements (Figure S1B) were performed with constant flow of HBS-EP+ buffer, which also served as the diluent for antibodies and GnRH. One cycle of Antibody-GnRH binding begins with the injection of 200 nM SMI41 over the chip surface at the rate of 5 µl/min for 80s, followed by injection of GnRH at a series of 2-fold dilutions, beginning at 1024 nM. The chip surface was then regenerated by three times injection of 10 mM glycine pH 1.5 at a rate of 30 µl/min for 30s before the next cycle. The surface response on the chip was recorded by a Biacore T200 (Supplement Figure 2). Kinetic and affinity analysis was performed by the Biacore T200 evaluation software. For SMI41, the affinity KD was 5.920*10-10(M), the kon was 4.760*106 (1/Ms), and the koff was 2.818*10-3 (1/s).

IE3 recognizes the peptide epitope TIKVVGGYQVNIRVGDTTTDVRYKDDMYHFFC, present in mouse ZP2 [S10]. This 32 amino acid peptide was inserted into the multiple cloning site of the pGEX-6P-1 vector (GE Healthcare Life Sciences) and expressed in BL21-Gold cells (Agilent Tech). The bacterial culture was lysed using B-PER Protein Extraction Reagents (Thermo scientific) and the GST-ZP2 fusion protein was purified from the supernatant by affinity binding to glutathione agarose beads (Thermo scientific). GST alone, expressed from the empty vector, was purified similarly. pAAV-IE3, generated as described below, was introduced into 293T cells and culture supernatant isolated. This supernatant bound GST-ZP2, but not GST, in a dose-dependent manner (data not shown), demonstrating that recombinant IE3 recognizes the ZP2 peptide. Further evidence that recombinant IE3 binds the zona pellucida in vitro and in vivo is provided in Figure S2B, the methods for which are provided below.

AAV vector synthesis and purification of viral particles
Coding regions for SMI41 and IE3 were gene synthesized by GenScript, optimized for expression and secretion in the mouse, and oriented such that the heavy and light chains were encoded in tandem, with the two chains separated by a ribosome skipping 2A sequence (Figure S1A and Figure S2A, respectively). These coding sequences were introduced into an AAV2/8 vector optimized for high-level expression in muscle [S1]. 

To generate viral particles carrying the above coding regions, 293T cells were seeded in 15 cm plates at 3.75X10^6 cells per plate in 25 ml DMEM medium supplemented with 10% fetal bovine serum, 1% penicillin–streptomycin mix and 1% glutamine in a 5% CO2 incubator at 37 °C. After three days of culture, medium was changed to 15 ml of fresh medium. Two hours later, the AAV backbone vector containing one of the coding regions was co-transfected with helper vectors pHELP (Applied Viromics) and pAAV 2/8 SEED (University of Pennsylvania Vector Core) at a ratio of 1:4:8 using BioT transfection reagent (Bioland Scientific). Culture supernatant was collected at 36, 48, 72, 96 and 120 h after transfection, and these fractions pooled. 

A first virus batch was purified by filtering the virus culture supernatant through a 0.2 µm filter, followed by centrifugation at 110,000g for 1.5 h. The virus pellet was dissolved in MEM and stored at -80 °C. Additional virus was obtained from the supernatant after spinning. PEG solution (40% polyethylene glycol in 2.5M NaCl) was added to the supernatant at a volume ratio of 1:4, and gently mixed at 4°C overnight to precipitate virus. Precipitated virus was pelleted at 4,000g for 30 min and re-suspended in 10 ml MEM. To remove PEG residue and concentrate, the virus solution was loaded onto 100 kDa MWCO centrifugal filters (Millipore) and spun at 3220g at 4°C until ~1 ml retentate remained. Fresh MEM was added to the filter and this process was repeated three times. Final virus solution was about 2 ml total and stored at -80°C. ELISA (not shown) confirmed that culture supernatants from these virus preparations contained antibodies that bound to GnRH (SMI41) and ZP2 (IE3) peptides, respectively. 

Mice and AAV injection 
Animals were cared for under established protocols and IACUC guidelines from the California Institute of Technology. All experiments were carried out using CD1 mice, an outbred wildtype strain obtained from Charles River Laboratories. Where indicated, these included proven breeder males and/or females. Males were housed singly until mating experiments were initiated. Females were housed in groups of three until mating experiments were initiated.

Two-month old male and female mice were anaesthetized and injected with 50 µl of viral particles in MEM, at several different doses (see Table S1 for details). Blood was collected from animals through a tail bleed at weeks 1, 2, 4, and 8 post-injection, and subsequently at one-month intervals. SMI41-expressing animals that became pregnant were euthanized to count embryo numbers before progeny birth, and blood was collected. IE3-expressing females that became pregnant were allowed to produce progeny and were housed with mating partners continuously. Blood and tissue was also collected from infertile animals following euthanasia at various time points. 

Antibody titer determination and testosterone determination
The ELISA assay used to determine anti-GnRH antibody concentrations in serum was as follows: 96-well plates were allowed to bind streptavidin at a concentration of 100 ng/well, in carbonate buffer pH 9.6, at room temperature for 3 hours. Plates were then washed 3 times with PBST. Biotin-GnRH in PBS was added to plates at a concentration of 17.5 pmol/well and incubated at 4°C overnight. Following this incubation plates were washed again to remove unbound biotin-GnRH. 200 µl of 1% BSA in PBS was added to all wells as a blocking solution to prevent non-specific binding of antibodies to the plates. After several washes, serum samples and IgG standard (recombinant SMI41) at known concentrations were diluted in 1% BSA-PBST and incubated in wells (60 µl/well) for 2 hr. After washing, peroxidase-labeled goat anti-mouse IgG (H+L) was diluted 1:10000 in 1% BSA-PBST and introduced into each well at 100 µl/well, for 30 min. Plates were then washed 4 times with PBST. Finally, the enzyme substrate Amplex® UltraRed Reagent (Invitrogen) was added to plates at 100 µl/well for 15 min. Amplex® Red/UltraRed Stop Reagent was then added to the plates at 20 µl/well to stop the reaction and stabilize the fluorescent signal. Plates were read at 540/590 nm using a FlexStation 3 Multi-Mode Microplate Reader (Molecular Devices). IE3 antibody titers were determined in a similar manner, using known concentrations of recombinant IE3 as a standard, and plates coated with GST-ZP2 at 150 ng/well.

Testosterone was measured using an ELISA, performed according to the manufacture’s protocol (Abcam, ab108666). All samples were run in duplicate. The manufacturer reports an assay sensitivity of 0.07 ng/ml, with intra-assay and inter-assay coefficient of variation of were 5.8% and 10.5%, respectively. 

Histology
Ovaries, testis, and epididymes were trimmed from the tracts and fixed in modified Davidson's fixative overnight. Tissues were processed for paraffin embedment, blocked, sectioned in 4-5 µm sections, and stained with a Periodic Acid Schiff method with increased staining times to provide optimal staining for Davidson’s-fixed tissues. Stained sections were examined using light microscopy and pictures taken with a digital microscope. In ovaries of age-matched controls for SMI41 injections (10 month, n=3; 14 months, n=3) multiple stages of oogenesis were observed, and all ovaries contained multiple corpora lutea. In contrast, while ovaries of sterile SMI41 treated females (10 months, n=3; 14 month, n=3) contained primary and antral stages, no pre-ovulatory stages or corpora lutea were observed.

The testes and epididymis of age-matched control males (10 months, n=2; 14 months, n=2) and high titer SMI41-expressing males (10 months, n=2; 14 months, n=2) were examined similarly. All stages of spermatogenesis were observed in control testes, and sperm were abundant in the epididymis. Leydig cell islands, located between tubules, were large and abundant. In high titer SMI41-expressing males spermatogenesis was not observed to progress beyond the round spermatid stage in testis tubules, and sperm were not observed in the epididymis, which was atrophied. Leydig cell islands were small and rare.

In ovaries of age-matched controls for IE3 injections (7 months, n=3) multiple stages of oogenesis were observed, and all ovaries contained multiple corpora lutea. Similar observations were made for sterile IE3-expressing females (7 months, n=3).

Testes size was determined by measuring testes area. Testes were photographed along side a ruler, which was used to set the scale for measurement. An outline of each testis was drawn using ImageJ, and the outlined area calculated. The testes areas indicated in the figure are the average of both testes for each male. 

Superovulation and isolation of eggs
11-month-old normal (n=3) and AAV-IE3-injected (n=4) female mice were stimulated with 7.5 iu each of equine chorionic gonadotropin (eCG), followed by 7.5 iu of human chorionic gonadotropin (hCG) 46 hrs later. To isolate ovulated eggs, mice were euthanized 1 day after hCG administration. Eggs were released from oviducts by mechanically tearing the ampulla. They were then treated with type IV-S hyaluronidase (300 ug/ml, Sigma) for 1-2 minutes to remove cumulus masses. 20 eggs were isolated from controls, while 22 eggs were isolated from AAV-IE3 females. Eggs were kept in M2 medium (Zenith Biotech) with 0.4% BSA during this procedure.

Immunocytochemistry and confocal microscopy
Isolated eggs were fixed for 15 min at room temperature in 4% formaldehyde in PBS, followed by three washes in PBS with 1% BSA, for 10 min each at room temperature. Eggs were then incubated with 10 ug/ml of purified IE3 (treatment) or no primary antibody (control) in PBS with 1% BSA at 4°C overnight. After three washes, eggs were incubated with Alexa Fluor® 405-conjugated Goat Anti-Mouse IgG H&L (8 ug/ml, Abcam) in PBS with 1% BSA for 1 hour at room temperature. After four washes eggs were transferred to VECTASHIELD Antifade Mounting Medium (Vector Laboratories) for imaging. Imaging was performed on a Zeiss LSM 780 confocal microscope (Carl Zeiss). A diode 405nm laser was used to excite Alexa Fluor 405 with an excitation filter at 405 nm and the detection filter set to collect photons at 410-460 nm. Differential interference contrast (DIC) microscopy images were taken on the same system using a single channel transmission detector. Settings were optimized for visualizing the normal zona pellucida (ZP), and those settings were used to image the ZP from AAV-IE3-injected female mice.

Female fertility assays
Female fertility in anti-GnRH experiments was determined as follows. Two-month old CD1 females obtained from Charles River were either injected with AAV-SMI41, or kept as controls. Control and AAV-SMI41 females were kept separate from males for 8 weeks post AAV injection. They were then placed 2:1 into a cage with a CD1 male of similar age. Females were monitored daily. Females that became pregnant were euthanized, embryo numbers counted, and serum isolated for antibody titer determination. Females that failed to give birth remained with the original male until four weeks before euthanasia, at which time they were introduced to a new male. Introductions occurred at week 28, 36, or 44, as detailed in Figure 1A and Table S1. Control experiments to evaluate fertility of age-matched CD1 females were carried out with four-month old non-injected females (controls for AAV-injected females at week 8 post injection) and 12-month old females, (controls for AAV-injected females at 44 weeks post injection). In each experiment females were introduced to a four-month old proven breeder CD1 male, as above (Figure S1D).

Female fertility in anti-ZP2 experiments was determined in a similarly, except that AAV-IE3-injected females were introduced to males 5 weeks post injection (Figure 1I; Figure S2D; Table S1). This experiment proceeded as above, for five months, with the females being introduced to new four-month old males at week 25. Several AAV-injected animals became pregnant and gave birth to pups ~4-8 weeks following the initial introduction to males. For these females, pups were removed and euthanized, and the females returned to their mating partners. Fertility of 8 month old, non-injected control females was determined as above (Figure S2C).

Male fertility assays
Male fertility was characterized as follows: Eight weeks post AAV injection, two non-AAV-injected 2-month old females were introduced into each male cage, and females monitored for progeny, as above. New females were rotated into the male cages four weeks prior to euthanasia, at week 28, 36, or 44, as above. The fertility of males from these experiments was compared with that of age-matched control males, introduced to 2-month old CD1 females at ages 4-6 months and 12-14 months (Figure S1D). 

Statistical analysis
[bookmark: _GoBack]Statistical analysis was performed using GraphPad Prism 5.0 (GraphPad Software, San Diego CA). The relationship between SMI41 titers and female progeny numbers was analyzed by Spearman’s correlation analysis. Other data were analyzed either by one-way ANOVA with Tukey’ multiple comparison test (testes area comparison) or nonparametric t test (IE3 female fertility). A p-value <0.05 was considered statistically significant.
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0.7
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0.5
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0.4
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SMI41	female Titers	(ug/ml)	at	weeks	after	AAV	injection

ID AAV	dose Progeny	number 1 2 4 8 12 16 20 24 28 32 36 40 44 48

1 1.10E+11 0 28.0 91.7 578.1 801.5 787.8 658.4 503.6 542.9 540.6 485.6

2 1.10E+11 0 232.2 464.2 1219.0 1816.4 1528.6 1215.7 1697.1 1342.6 1240.6 1504.2

3 1.10E+11 0 10.7 40.4 219.9 466.4 399.8 382.3 343.7 326.6 281.3 339.2

4 1.10E+11 0 10.8 79.4 295.7 475.8 386.0 312.4 313.0 241.1 251.7 319.4

5 1.10E+11 0 14.1 70.9 322.6 664.4 646.8 664.0 527.7 644.2 588.2 282.9

6 1.10E+11 4 16.1 63.5 301.3 554.4 511.8 341.3 325.2 308.4 266.2 64.6

7 1.00E+11 0 89.2 124.1 973.2 2718.1 1227.4 1350.1 1236.9 1065.7 1004.0 1005.6 885.9 787.9 704.2 749.5

8 1.00E+11 0 127.8 241.7 1458.0 3571.1 2597.1 2631.5 2324.9 2537.2 1838.6 1779.6 1626.7 1392.1 1351.7 1260.8

9 1.00E+11 0 43.6 130.3 744.4 2454.0 1194.5 1403.1 1246.2 1408.6 1031.3 887.3 938.1 705.7 636.0 519.6

10 1.00E+11 0 46.7 96.9 827.9 2185.9 1216.8 962.7 854.4 1056.0 863.9 498.3 228.8 302.7 207.7 212.5

11 1.00E+11 0 27.4 127.5 731.9 1237.7 866.0 942.5 489.6 410.0 473.9 328.1 348.3 330.1 357.3 286.9

12 1.00E+11 12 43.0 144.0 195.8 1347.6 797.3 274.8 201.7 186.0

13 5.00E+10 0 5.0 0.6 14.8 198.1 383.9 355.3 344.8 379.9 346.6 269.9 238.9 266.4

14 5.00E+10 0 9.8 52.9 269.1 421.9 379.8 434.6 359.5 380.4 290.8 249.1 261.7 235.1

15 5.00E+10 8 20.9 14.9 195.7 433.8 475.1 417.4 397.2 361.8 360.2 269.1 219.2 30.3

16 2.00E+10 0 68.1 146.1 629.7 2334.4 1455.2 1476.7 1137.9 1149.4 1190.8 753.8 810.7 707.2 718.8 529.5

17 2.00E+10 0 3.6 34.3 139.8 569.1 297.8 154.7 160.0 203.6 201.7 189.7 167.3 138.1 137.1 129.7

18* 2.00E+10 0 14.4 8.5 137.6 1062.5 747.0 785.9 637.2 537.3 369.3 109.9

19 2.00E+10 0 12.7 72.7 274.7 991.2 716.9 512.4 448.1 483.4 395.4 344.4 291.4 235.7 226.2 194.4

20* 2.00E+10 0 18.4 25.7 281.4 944.0 592.6 469.1 400.6 374.0 333.0 348.4 278.6 220.7 36.4 1.0

21 2.00E+10 6 7.0 19.2 121.2 379.7 45.6

22 1.00E+10 15 0.2 0.4 0.4 0.7 0.5

23 1.00E+10 15 0.1 0.6 2.4 1.3 1.0

24 1.00E+10 10 1.0 0.3 0.1 0.5 0.4

25 1.00E+10 12 1.1 0.1 2.7 5.5 5.7

26 1.00E+10 8 0.9 1.7 4.5 20.4 15.8

27 1.00E+10 13 0.5 1.5 0.2 0.4 0.4

28 5.00E+09 6 1.8 11.4 60.1 179.1 15.7

29 5.00E+09 11 1.0 1.2 6.4 21.7 0.9

30 5.00E+09 10 1.7 2.9 0.3 1.0 6.6

31 5.00E+09 12 1.3 0.4 8.6 30.7 9.2

32 5.00E+09 14 2.3 0.1 0.3 1.0 0.4

33 5.00E+09 11 1.2 8.7 28.4 27.0 4.7

34 2.00E+09 13 0.2 1.6 0.2 0.6 0.7

35 2.00E+09 12 0.1 0.1 0.1 0.7 0.5

36 2.00E+09 15 0.0 0.4 2.9 0.4 0.5

37 2.00E+09 18 0.1 0.1 0.4 0.3 0.9

38 2.00E+09 14 1.0 4.0 0.1 1.0 1.0

39 2.00E+09 12 0.5 0.8 0.5 0.3 0.2

40 1.00E+09 11 3.0 0.1 0.5 7.0 2.7

41 1.00E+09 12 0.7 3.8 10.2 18.3 8.7

42 1.00E+09 17 0.5 3.5 1.5 0.3 0.4

*:	died	for	unknown	reasons

SMI41	male Titers	(ug/ml)	at	weeks	after	AAV	injection

TestosteroneTestes	area ID AAV	dose Progeny	number 1 2 4 8 12 16 20 24 28 32 36 40 44 48

YES 43 2.60E+11 0 197.0 468.5 1955.8 1060.6 3238.1 1054.3 914.0 885.2 716.6 709.6 582.7 641.0 705.2 663.9

YES 44 2.60E+11 0 228.3 710.9 3144.8 1770.1 4297.6 1695.6 1215.2 1242.8 830.7 794.6 942.9 969.3 856.8

YES 45 2.60E+11 0 392.5 1563.5 3962.4 2596.1 3409.3 1917.5 1253.0 1359.0 1253.5 1071.5 1054.5 899.1 1065.6 893.5

YES 46 2.60E+11 0 123.0 633.6 1637.7 1404.5 1861.3 941.5 987.9 862.0 750.9 671.7 694.2 703.2 867.5 739.9

YES YES 47 2.60E+11 0 517.2 1923.9 4145.5 995.4 902.8 457.2 524.6 404.4 272.5 339.7 323.9 182.6 300.6 324.8

YES YES 48 2.60E+11 0 140.1 798.7 1790.1 1991.6 3281.5 1586.4 1968.1 1392.3 1576.4 1227.0 1287.9 1145.3 1344.9 1276.6

YES YES 49 1.10E+11 0 153.2 508.0 984.4 1624.2 1625.1 1473.4 1434.3 1296.9 1341.1

YES YES 50 1.10E+11 0 44.2 229.8 368.1 564.0 635.5 649.3 610.5 613.0 587.6 593.9

YES YES 51 1.10E+11 0 23.7 122.8 267.6 278.7 387.2 494.1 438.3 225.3 380.2 318.9

YES YES 52 1.10E+11 0 49.5 198.1 293.7 348.9 623.0 391.1 421.4 422.0 506.9 510.9

YES YES 53 1.10E+11 0 180.2 426.1 768.6 1265.3 1043.8 1144.2 956.5 1108.3 1088.3 1050.6

YES YES 54 1.10E+11 0 8.3 40.7 78.1 147.8 149.4 137.7 152.9 168.9 200.4

YES 55 5.00E+10 0 9.3 22.8 27.5 157.1 195.8 136.5 208.2 236.7 199.9 197.8 185.6 156.4

YES 56 5.00E+10 0 6.8 56.6 259.3 212.4 223.2 255.7 292.9 226.8 231.7 236.3 229.3 182.8

YES 57 5.00E+10 0 2.3 32.5 115.4 179.0 143.1 153.5 124.9 140.3 116.7 122.7 146.6 111.7

YES YES 58 1.00E+10 13 1.6 11.8 16.9 20.5 20.1

59 1.00E+10 15 0.3 6.0 12.2 12.6

YES 60 1.00E+10 13 1.0 8.0 25.6 22.7 22.3

61 2.00E+09 12 0.2 0.9 2.7 0.7 0.4

62 2.00E+09 13 0.7 0.3 0.6 1.5 7.0

YES YES 63 2.00E+09 13 0.1 0.5 0.4 0.3 0.2

IE3	female Titers	(ug/ml)	at	weeks	after	AAV	injection

ID AAV	dose Progeny	number 1 2 4 8 12 16 20 24 28 32 36

64 5.00E+09 0 2.0 3.8 4.3 7.5 9.3 5.7 4.4

65 5.00E+09 0 2.4 3.2 4.2 7.6 7.5 11.2 3.8 4.4 4.4 6.6 3.8

66 5.00E+09 0 2.5 6.5 9.0 12.5 11.9 12.6 6.2 4.0 4.5 7.8 3.9

67 5.00E+09 0 9.1 15.1 11.4 23.8 16.7 19.6 11.1 6.0 7.8 7.6 9.9

68 5.00E+09 0 3.3 4.4 3.4 8.8 8.4 7.2 3.2 3.7 3.8 5.2 5.0

69 5.00E+09 0 1.4 2.6 3.1 6.4 4.9 5.0 3.3 2.8 7.0 7.1 10.4

70 1.65E+10 9 5.3 7.9 6.6 16.7 11.0 10.7 5.6 6.7 6.3 5.8 6.6

71 1.65E+10 2 4.5 5.7 11.2 25.6 19.3 16.1 14.8 14.8 12.1 15.0 13.5

72 1.65E+10 4 2.5 3.5 9.6 15.5 14.4 13.5 9.5

73 1.65E+10 2 1.8 5.4 10.1 8.5 7.8 12.5 7.5 7.4 6.3 6.6 7.6

74 1.65E+10 3 3.8 6.3 13.1 9.6 16.6 13.2 12.7 13.5 11.6 15.5 15.3

75 1.65E+10 0 3.1 8.4 7.8 13.9 17.6 13.7 2.7
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