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About to erase a Flash file. Console Messages 0 Dropped. Buffer Logging Level info. Buffer
Messages 26 Logged, 26 Displayed, 200 Max. File Logging Level error. File Messages 11 Logged, 51
Dropped. SysLog server 12.1.1.2 Logging warning. Messages 14 Dropped. Console Logging Level
debug. Console Messages 5 Dropped. Buffer Logging Level debug. This article has been cited by
other articles in PMC. Abstract The importance of the phospholipase A 2 domain located within the
unique N terminus of the capsid viral protein VP1 VP1u in parvovirus infection has been reported.
This study used computational methods to characterize the VP1 sequence for adenoassociated virus
AAV serotypes 1 to 12 and circular dichroism and electron microscopy to monitor conformational
changes in the AAV1 capsid induced by temperature and the pHs encountered during trafficking
through the endocytic pathway. Circular dichroism was also used to monitor conformational changes
in AAV6 capsids assembled from VP2 and VP3 or VP1, VP2, and VP3 at pH 7.5. VP1u was predicted
computationally and confirmed in solution to be structurally ordered. This study is the first to
physically document conformational changes in the VP1u region that likely facilitate its
externalization from the capsid interior during infection and establishes the order of events in the
escape of the AAV capsid from the endosome en route to the nucleus. Recent successes in AAV gene
delivery, including the treatment of blindness using AAV2 14 , highlight the clinical potential of
these vectors and generated a considerable amount of media and public interest in the use of AAV
vectors. However, many key questions remain to be answered about the basic biology of these
viruses during infection, including the role of capsid viral protein VP transitions that enable
infection. Understanding such processes can aid development of moreefficacious forms of the AAVs
as vectors for gene delivery.http://www.eibich.de/layout/bilder/innovation-voicemail-manual.xml

1.0.

CryoEM studies of AAV1, AAV2, and AAV4 capsids identified density “globules” located in the
interior of the capsid beneath the icosahedral 2fold axis, which have been interpreted as the
Nterminal regions of VP1 and VP2 23, 27, 28 , but the structural topology of these regions remains
to be elucidated. This is proposed to be due either to low copy numbers of VP1 and VP2 in the
capsids or to the possibility that the N termini of VP1, VP2, and VP3 adopt different conformations in
the capsid. These properties are incompatible with the icosahedral symmetry assumed during
structure determination. The structural topology of the common AAV VP3 region is highly conserved.
The dotted lines show the relative positions of the 5fold filled pentagon, 3fold filled triangle, and
2fold filled oval interfaces of symmetry from the center of the capsid. The white triangle depicts a
viral asymmetric unit bounded by one 5fold axis and two 3fold axes with a 2fold axis between them.
The approximate locations of the icosahedral 2fold 2F, 3F, and 5F axes are indicated by the black
arrows. The positions of the DE and HI loops are indicated by the dashed arrows. Images in panels A
and B were generated using PyMol DeLano Scientific and UCSFChimera 70 , respectively. Following
attachment, the endocytosis of the capsid has been reported to occur by means of clathrincoated pits
41 , though recent studies have described a clathrinindependent mechanism 42 . After endocytosis,
the virus traffics through the endocytic pathway and accumulates in the perinuclear region 43
before delivering its infective genome to the nucleus. However, the exact mechanism of endosomal
escape and nuclear entry remains to be fully elucidated. It has been reported that shortly after
entering the early endosome, the N termini of VP1 and VP2 become externalized on the capsid
surface while the capsid remains assembled 44
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It is known that VP1u contains a phospholipase A 2 domain PLA 2 and two nuclear localization
signals NLSs that modify the endosomal membranes to enable escape and targeting to the nucleus,
respectively. Therefore, the exact trigger of VP1u externalization, which is common to all
parvoviruses, is unclear and requires further investigation. In this study, computational and
biophysical approaches were used to characterize the structural features of the AAV VP1 in the
context of the capsid. The monomer sequence was analyzed to identify possible regions of intrinsic
disorder, and the isoelectric point pI values of the three VP sequences, VP1, VP2, and VP3, were
calculated. The pI value for VP1u was lower than that of the overall capsid, suggesting differential
susceptibility to environmental conditions, such as those encountered in the endosome.
Negativestain EM visualization showed that AAV1 capsids remain intact during pH treatment,
consistent with previous reports of structural integrity for AAV8 capsids incubated at the pHs
associated with the endocytic pathway and characterized by Xray crystallography 54 . This study is
the first to physically document conformational changes in the VP1u region and establishes the
order of events in the escape of the AAV capsid from the endosome en route to the nucleus.
MATERIALS AND METHODS VLP expression and purification. Sf9 cells infected with a baculovirus
construct containing the AAV1 cap gene, expressing VP1, VP2, and VP3, was used to produce
viruslike particles VLPs and purified as previously reported 19 . In addition, two types of AAV6 VLPs,
assembled from VP2 and VP3 only or VP1, VP2, and VP3, were produced from a baculovirus
construct containing the AAV6 cap gene expressing VP2 and VP3 22 or by a double infection with a
construct containing the cap gene expressing VP1 and a second construct containing the cap gene
expressing VP2 and VP3.

The purified samples were buffer exchanged into phosphatecitrate buffers with 150 mM NaCl using
specific ratios of 0.2 M Na 2 HPO 4 and 0.1 M citrate to achieve a final pH of 7.5 or pH 6.0, 5.5, and
4.0 for the lowpH studies described below. Emptycapsid production and purification. Empty capsids
of AAV6, assembled from VP1, VP2, and VP3, were produced in HEK293 cells. The cell pellet was
resuspended in phosphatebuffered saline PBS and purified as described above for the
baculovirusexpressed VLPs. VLP and emptycapsid secondarystructure analysis. The
secondarystructure state of the AAV1 VLPs assembled from VP1, VP2, and VP3 was analyzed at
different pHs and increasing temperatures using CD. The AAV6 VLPs assembled either from VP2 and
VP3 or from VP1, VP2, and VP3 and empty capsids assembled from VP1, VP2, and VP3 were also
analyzed at pH 7.5 by CD. All the CD experiments were carried out on an Aviv model 410 circular
dichroism spectrometer. Preliminary analysis showed that CD data collection below a wavelength of
200 nm drastically overloaded the dynode and created large variations in the data accompanied by
large error values. Therefore, all the data were collected at a wavelength range of 260 to 200 nm.
Standard CD deconvolution programs require data collected to at least 190 nm; therefore, these
programs could not be used to deconvolute the data collected between 260 and 200 nm. To analyze
the experimental data, each spectrum was first scaled to the theoretical CD spectra by wavelength
and then fitted by a leastsquares approach. AAV capsid integrity. The AAV1 capsid integrity
following temperature and pH treatment was checked by negativestain EM studies. Five microliters
of sample was applied to carboncoated copper grids and incubated for 5 min. Computational analysis
of the AAV VP sequence and structure.

http://www.drupalitalia.org/node/71386

The values obtained were subsequently used to calculate the pI values for the entire capsids 60 VPs
based on a VP1VP2VP3 ratio of 1110 using an algorithm developed inhouse. Superposition of these
VP1u models onto the crystal structure of the AAV1 capsid monomer, guided by the structures of
residues 217 to 250 present in both the models and the crystal structure, localized the VP1u directly
beneath the icosahedral 2fold interface Fig. 2D in the capsid interior. These images were generated
using PyMOL DeLano Scientific. The plot shows the disorder disposition y axis plotted against the
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residue number x axis. The residues within the HI loop located on the floor of the capsid surface
depression surrounding the icosahedral 5fold axis are also indicated. This variability was likely due
to the lower number of amino acids used for the calculation than that for the VP1u and VP3
sequence lengths. This value was comparable to the previous experimentally determined value for
AAV1 63 . Open in a separate window Fig 4 Calculated pI values for AAV1 to AAV12. The histogram
of the pI values for the AAV serotypes shows that different capsid sequences have different
electrostatic properties. The VP1u blue pI values are 1 unit lower than the average pI values of VP3
green and the whole net capsid purple. Solution studies reveal an ordered structural state for the
AAV1 and AAV6 VP1u. Intact VLPs or empty capsids were used in the CD experiments. Two other
smaller stretches of helical structure 4 and 5 residues each are observed in the VP3 monomer
structure, accounting for 1.7% of the total secondary structure. Open in a separate window Fig 5
Representative CD spectra of AAV1 VLPs at different temperatures. This suggests an already
transitioned state at the low pHs. Open in a separate window Fig 6 Electron micrographs of the
AAV1 VLPs. At the different temperatures and pHs used for the CD experiments, the capsids are still
intact. RT, room temperature.
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Open in a separate window Fig 7 Temperature transition curves for AAV1 VLPs at different pHs
based on CD signals at 208 nm. Electron microscopy images of the capsids at these acidic pHs
showed no loss of integrity, consistent with crystal structures determined at the different endosomal
pHs for AAV1 Edward Miller and Mavis AgbandjeMcKenna, unpublished data and AAV8 54 . To
determine if the conformational change observed was reversible, AAV1 VLPs were treated at pH 4.0
and then buffer exchanged back to pH 7.5 prior to CD data collection. The observation that the
capsid integrity was maintained at the low pHs indicates that the change in CD signal under these
conditions must be arising from a region of the VP that does not participate in capsid assembly, with
VP1u the most likely candidate. AAV6 was used for these studies because a construct of AAV1
lacking VP1 is currently not available. Significantly, the AAV6 VP1, VP2, and VP3 VLPs were
generated from two baculovirus constructs, one carrying the gene for VP1 and the other encoding
VP2 and VP3. Thus, the observed decrease in CD signal in the VP2 and VP3 VLPs can be confidently
assigned to the lack of VP1. Open in a separate window Fig 9 Representative CD spectra of AAV6
VLPs and empty capsids at pH 7.5. Plots are shown for VLPs and empty capsids assembled from
VP1, VP2, and VP3 cyan and blue and VLPs assembled from VP2 and VP3 only red. Significantly, the
location of VP1u under the icosahedral 2fold axis following the superposition of the Robetta models
onto the AAV1 crystal structure was consistent with previous cryoEM studies reporting density
globules in this region predicted to be VP1u and not observed in capsids assembled with only VP2
and VP3 27, 64 . These helical secondary structure percentages are much lower than the helical
content estimated from the CD data for the AAV1 capsid at pH 7.5 and lower Table 1 .
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A 50% contribution from this region to the CD signal would close the gap between the percentages
deconvoluted from the spectra collected at pH 7.5 and 6.0 and those calculated based on the VP3
structure and VP1u models. While high temperature may not be the biological cause for VP1u
exposure during the infective pathway of the virus, this study shows that exposure of the capsid to
pHs that mimic endosomal compartments results in structural changes in the VP1u similar to those
seen at high temperatures. This may explain how high temperatures are able to induce exposure of
the VP1u, by inducing first the unfolding of the VP1u region and then its externalization. It is
possible that previous reports of the inability of pH changes to induce VP1u externalization in vitro,
based on antibody assays, were affected by altered antibody binding ability at low pHs. The goal of
this study was not to document externalization of VP1u but rather to document the VP dynamics that
could facilitate such a process. The pHinduced unfolding of VP1u would be an important step in the
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externalization process in addition to other biological or chemical factors. A factor that may
contribute to VP1u unfolding relative to the other VP regions and subsequent externalization is its
local low pI value, which is lower than those of the other capsid VP regions and the overall capsid,
including the packaged genome. This difference might be a determinant factor of the VP1uspecific
structural changes at the low pHs of the late endosome and lysosome, while the capsid itself,
assembled from the VP3 common VP region, does not undergo secondary structure changes. The
observed decrease in CD signal, attributed to VP1u unfolding, starts to occur at pH 5.5 and is
slightly further reduced when the pH is dropped to 4.0 Fig. 8 .

It is thus possible that chargecharge repulsion between the interior capsid residues and VP1u and
the DNA as the environmental pH decreases may play a role in triggering VP1u unfolding and
externalization. However, its flexibility, based on its predicted intrinsic disorder state, would be
required to permit a large motion of VP1u for extrusion from the capsid. Given that VP1u is ordered
in solution while located inside the capsid, it becomes more difficult to visualize the process of
externalization while the capsid stays intact. Mutagenesis studies altering residues at the base of
and within the 5fold channel formed by symmetryrelated DE loops have suggested this pore as the
route for VP1u externalization 45 . However, in structural studies of AAV8 capsids at different pHs,
only a minor increase in diameter, 54 . This is too narrow to allow a folded VP1u to be threaded
through, consistent with reports that pH alone likely does not lead to VP1u externalization 44 . In a
more recent study, it was reported that formation of dityrosine adducts across the 2fold axis, which
generated crosslinked dimers, prevented externalization of the VP1u 67 . This observation led to the
suggestion that capsid dynamics at the 2fold axis may also be involved in VP1u externalization.
However, as with the 5fold axis, the lowpH structures of AAV1 and AAV8 showed no major structural
rearrangements at the 2fold axis that would enable VP1u externalization. Only side chain
conformational changes are observed. These structural observations thus invoke the likely
involvement of other factors in this process. In a study by Levy et al.The channel was reported to
open in an irislike rotation of the ring of residues leading to the widening of the top. However, the
widening was also not enough to allow a folded VP1u to be externalized.

Thus, it is possible that receptor attachment or other cellular interactions or conditions, combined
with endosomal acidification, may precede the unfolding of VP1u in the context of endosomal
trafficking of the capsid. It is also possible that the completely unfolded VP1u can thread through an
unexpanded 5fold channel. However, it is difficult to reconcile the externalization of an unfolded
VP1u in the late endosome or lysosome with its PLA 2 function to enable escape from these cellular
compartments when this activity is reported to have a pH optimum of 7.0 69 . Reports on AAV2
trafficking have indicated that capsids can escape from early endosomes 43, 44 . The same could be
true for escape at pH 4.0, although functionality would be expected to be more severely impaired at
this pH. These possibilities require further study. Open in a separate window Fig 10 AAV VP1u
externalization model. A VP pentamer containing one VP1 and 4 VP3s is shown, in which the model
of VP residues 1 to 250, superposed onto the AAV1 VP3 crystal structure 1NG9 monomer, is
localized directly beneath the 5fold and 2fold interfaces. At pH 7.5 or 6.0, the VP1u is folded. When
the correct conditions are encountered, possibly via the lipid membrane or substrate, refolding of
the partially or completely unfolded VP1u to the native functional state occurs. The images were
generated using PyMOL DeLano Scientific. This study provides insights into the potential
mechanism of capsid VP rearrangements in preparation for endosomal escape of the AAV capsid.
ACKNOWLEDGMENTS This project was funded by grants from NIH projects R01 AI081961 M.A.M.,
B.B., R.M., and N.M., NIHFootnotes Published ahead of print 20 February 2013 REFERENCES 1.
Atchison RW, Casto BC, Hammon WM.Buller RML, Janik JE, Sebring ED, Rose JA.Geoffroy MC,
Salvetti A.Gao G, Vandenberghe LH, Alvira MR, Lu Y, Calcedo R, Zhou X, Wilson JM.Mori S, Wang L,
Takeuchi T, Kanda T.



Schmidt M, Voutetakis A, Afione S, Zheng C, Mandikian D, Chiorini JA.Burger C, Gorbatyuk OS,
Velardo MJ, Peden CS, Williams P, Zolotukhin S, Reier PJ, Mandel RJ, Muzyczka N.Davidson BL,
Stein CS, Heth JA, Martins I, Kotin RM, Derksen TA, Zabner J, Ghodsi A, Chiorini JA.Gao GP, Alvira
MR, Wang L, Calcedo R, Johnston J, Wilson JM.Kaludov N, Brown KE, Walters RW, Zabner J, Chiorini
JA.Rabinowitz JE, Rolling F, Li C, Conrath H, Xiao W, Xiao X, Samulski RJ.Walters RW, Yi SMP,
Keshavjee S, Brown KE, Welsh MJ, Chiorini JA, Zabner J.Buller RM, Rose JA.Johnson FB, Ozer HL,
Hoggan MD.Rose JA, Maizel JV, Inman JK, Shatkin AJ.Lerch TF, Xie Q, Chapman MS.Miller EB,
GurdaWhitaker B, Govindasamy L, McKenna R, Zolotukhin S, Muzyczka N, AgbandjeMcKenna
M.Acta Crystallogr. Sect. F Struct. Biol. Cryst. Commun. DiMattia MA, Nam HJ, Van Vliet K, Mitchell
M, Bennett A, Gurda BL, McKenna R, Olson NH, Sinkovits RS, Potter M, Byrne BJ, Aslanidi G,
Zolotukhin S, Muzyczka N, Baker TS, AgbandjeMcKenna M.Nam HJ, Lane MD, Padron E, Gurda B,
McKenna R, Kohlbrenner E, Aslanidi G, Byrne B, Muzyczka N, Zolotukhin S, AgbandjeMcKenna
M.Ng R, Govindasamy L, Gurda BL, McKenna R, Kozyreva OG, Samulski RJ, Parent KN, Baker TS,
AgbandjeMcKenna M.Padron E, Bowman V, Kaludov N, Govindasamy L, Levy H, Nick P, McKenna R,
Muzyczka N, Chiorini JA, Baker TS, AgbandjeMcKenna M.Quesada O, Gurda B, Govindasamy L,
McKenna R, Kohlbrenner E, Aslanidi G, Zolotukhin S, Muzyczka N, AgbandjeMcKenna M.2007. Acta
Crystallogr. Sect. F Struct. Biol. Cryst. Commun. Walters RW, AgbandjeMcKenna M, Bowman VD,
Moninger TO, Olson NH, Seiler M, Chiorini JA, Baker TS, Zabner J.Xie Q, Bu W, Bhatia S, Hare J,
Somasundaram T, Azzi A, Chapman MS.AgbandjeMcKenna M, Kleinschmidt J.Methods Mol. Biol.
Bell CL, Vandenberghe LH, Bell P, Limberis MP, Gao GP, Van Vliet K, AgbandjeMcKenna M, Wilson
JM.Dickey DD, Excoffon KJDA, Koerber JT, Bergen J, Steines B, KlesneyTait J, Schaffer DV, Zabner
J.Shen S, Bryant KD, Brown SM, Randell SH, Asokan A.

Summerford C, Samulski RJ.Wu Z, Asokan A, Grieger JC, Govindasamy L, AgbandjeMcKenna M,
Samulski RJ.Wu Z, Miller E, AgbandjeMcKenna M, Samulski RJ.Asokan A, Hamra JB, Govindasamy L,
AgbandjeMcKenna M, Samulski RJ.Summerford C, Bartlett JS, Samulski RJ.Di Pasquale G, Davidson
BL, Stein CS, Martins I, Scudiero D, Monks A, Chiorini JA.Akache B, Grimm D, Pandey K, Yant SR,
Xu H, Kay MA.Nonnenmacher M, Weber T.Xiao PJ, Samulski RJ.Sonntag F, Bleker S, Leuchs B,
Fischer R, Kleinschmidt JA.Grieger JC, Johnson JS, GurdaWhitaker B, AgbandjeMcKenna M,
Samulski RJ.PopaWagner R, Porwal M, Kann M, Reuss M, Weimer M, Florin L, Kleinschmidt
JA.Bartlett JS, Wilcher R, Samulski RJ.Douar AM, Poulard K, Stockholm D, Danos O.Duan D, Yue Y,
Yan Z, Yang J, Engelhardt JF.Hansen J, Qing K, Srivastava A.Sanlioglu S, Benson PK, Yang J,
Atkinson EM, Reynolds T, Engelhardt JF.Nam HJ, Gurda BL, McKenna R, Potter M, Byrne B,
Salganik M, Muzyczka N, AgbandjeMcKenna M.Grieger JC, Choi VW, Samulski RJ.Greenfield NJ,
Fasman GD.Biochemistry. Gasteiger E, Hoogland C, Gattiker A, Duvaud S, Wilkins MR, Appel RD,
Bairoch A.Walker JM. ed, The proteomics protocols handbook. Jordan DO.Chargaff E, Davidson JN.
ed, The nucleic acids. Xue B, Dunbrack RL, Williams RW, Dunker AK, Uversky VN.Kim DE, Chivian
D, Baker D.Nucleic Acids Res. Emsley P, Lohkamp B, Scott WG, Cowtan K.Acta Crystallogr. D Biol.
Crystallogr. Dijkstra BW, Kalk KH, Hol WG, Drenth J.Okada T, NonakaSarukawa M, Uchibori R,
Kinoshita K, HayashitaKinoh H, NitaharaKasahara Y, Takeda S, Ozawa K.White S, Scott D,
Otwinowski Z, Gelb M, Sigler P.Scott DL, Otwinowski Z, Gelb MH, Sigler PB.Horowitz ED, Finn MG,
Asokan A.Levy HC, Bowman VD, Govindasamy L, McKenna R, Nash K, Warrington K, Chen W,
Muzyczka N, Yan X, Baker TS, AgbandjeMcKenna M.Pettersen EF, Goddard TD, Huang CC, Couch
GS, Greenblatt DM, Meng EC, Ferrin TE.Govindasamy L, Padron E, McKenna R, Muzyczka N,
Kaludov N, Chiorini JA, AgbandjeMcKenna M.

It can be fully recharged in 18 minutes when using a 60W USBC PD charger. It supports USB C PD
and can be charged at a rate of up to 60W. This means the Apollos capacity of 5000mAh can be fully
recharged in 18 minutes! Overcharge, short circuit, and current surge protection are included. The
temperature whilst charging is much lower which lowers the possibility of cell swelling and burning.
I bought a luxury set of the apollo power bank but they only sent to me the standard set. Until now



they havent send the balance to me. Dont buy from this company. C C.l. Excellent It charges insanely
fast, even with a 45W PD charger from a laptop which isnt the fastest charger for this product. It can
charge almost every device iPhone, Samsung, speakers, etc. Its lightweight and comes with a USB C
cable and a pouch, so its convenient to carry around in a purse.Took a little long to arrive because of
COVID.I wish they would make a larger capacity one, I would buy it. V V.M. NOT DELIVERED Due
TO Lockdown My Order Is Stuck And Not Received Yet V V.M. Relatively Good Initially full charge to
about 20 minutes. Please refer to the your system vendors documentation for details on what
devices, driver versions, and firmware are recommended for your particular system.The IO Devices
section of the VCG lists supported driver and firmware combinations for IO devices.The firmware
listed in the Firmware Version column displays the firmware version used at the time of certification.
Over time, partners may ship later versions of firmware. VMware policy is to leave the version in the
Firmware Version column unchanged. Partners are provided the opportunity to list updated versions
in the Additional Firmware column, however, this is not required.VMware does not require partners
to recertify their existing certified driver when releasing a firmware update. We expect that our
partners have done extensive testing of a firmware update prior to releasing it.

As a result, both VMware and the partner will support any certified driver when used with a
firmware version equal to or higher than the level displayed in the Firmware Version column.
VMware provides support only for the devices that are listed in this document.Lifecycle Policies
Partner Verified and Supported Products You can find more information about vMSC EOL in this KB
article.
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