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アデノ随伴ウィルス（AAV）カプシド蛋白質の、Chromeo P503蛍
光色素を用いてのCE法による高感度純度解析
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遺伝子治療・細胞治療にベクターとして用いられるアデノ随伴ウィルス（AAV）は、3種類の蛋白
質を主構成成分とするカプシドを持っています。この蛋白質の構成比や純度はAAVの品質において
非常に重要です。
自動化／標準化した手法として、キャピラリーSDSゲル電気泳動による評価が、この解析応用で注
目されています。投与処方の濃度が蛋白質相当で50ng/mL（1×1010 GC [genomic copy] /mL ）と低
濃度のため、蛍光誘導体化による高感度化を併用した事例を紹介します。

蛍光色素として用いたChromeo P503（Active Motif社）は、一級アミン結合時に蛍光が100nmシフ
トする、それ故フリー状態の蛍光が弱い状態で測定できる点が有利です。このため予めサンプルを
pH 8.0のリン酸緩衝液にしておけば、バッファ置換とフリー色素除去が必要ありません。
SciexのSDSゲル分子量解析キット（製品番号390953）を用い、生物製剤解析キャピラリー電気泳
動システム　PA 800Plusで、SDSによる変性（60℃ 10分）・誘導体化（60℃ 20分）後のAAV8カ
プシド構成蛋白質を泳動し、蛍光検出（Ex. 488nm、Em.600 nm）しました。サンプル注入は直前
の水導入によるスタッキング併用の電圧注入です。

3種の主要蛋白質（VP1～3）は良好に分離・検出され、これら以外の不純物ピークも検出されまし
た（Fig. 4）。リン酸緩衝液置換で1×109 GC/mL でも十分検出できました（Fig. 5）。サンプルバッ
ファ及び泳動液中トリスなどのP503誘導体化は、Blank泳動より不純物解析に特に支障ないことが
示されました（Fig. 6）。
熱ストレス付加AAVでは全体のピーク強度は下がりましたが、低分子側の不純物割合が増加してい
る傾向が1×109 GC/mL の濃度で認められました（Fig. 2）。

簡易な前処理・処方濃度以下の感度・良好な分離で、このキャピラリーSDSゲル電気泳動法
は、AAVのカプシド構成蛋白質の純度試験法として極めて適切であると言えます。
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Introduction 

 

AAV or Adeno associated virus (Figure 1) is a popular class of gene 
therapy delivery vehicle used mostly due to non-pathogenicity and 
high stability. Structurally, AAVs are composed of icosahedral 
proteic shell called Capsid or Viral Protein (VP) which contains a 
viral genome. So far, AAV exists in some 13 human and primate 
serotypes which in combination with the primary sequence 
differences mediate the AAV cell and tissue specificity. For 
example, AAV 8 or serotype 8 is efficient in transducing 
hepatocytes. This structure has the ability to carry up to 5 Kb of pay- 
load of single stranded DNA molecule. The capsid or viral proteins 
are translated from the same mRNA encoding overlapping 
sequences of three capsid proteins, VP1, VP2 and VP3 with 
approximately 87, 72 and 62 kDa, respectively resulting in a total of 
60 monomers. In addition, in vivo, these viral proteins are 
synthetized roughly in a ratio of 
1:1:10, respectively.1, 2 

 
As AAV take center stage in gene therapy treatment of many 
genetic conditions, reliable and quantitative assays are critical for 
the proper characterization of these molecules as well as the 
quantitation of impurities. 

Typically, AAV concentration used in gene therapy is in the order of 
1x1010 GC/mL (GC=genomic copies), which equates to 50 ng/mL 

 
 

Figure 2 Overlay of Non-Stressed (red trace) and Heat-Stressed 
(blue trace) Both AAV8 Samples at 1.1x109 GC/mL. Stars indicate 
regions on the electropherogram sensitive to heat treatment. 

 
 

Figure 1. Pictorial representation of an adeno-associated virus. 
 

 
and thus falls well below limit of detection or quantitation of any 
UV absorbance based assays. 

In this technical note, an easy sample preparation and labeling 
scheme is described using commercially available fluorescent 
tag (Figure 3) which doesn’t require buffer exchange nor dye 
clean-up for the low level detection of AAV8. Capillary 
Electrophoresis (CE) with Laser Induced Fluorescence (LIF) 
detection using a commercially SDS-MW chemistry kit and pre- 
assembled bare fused silica cartridge was successfully used to 
separate the impurities and characterize the AAV capsid 
proteins. 

The fluorescent tag used in this work is a pyrilium type of dye 
named Chromeo P503, which is reactive to primary amines. 
Chromeo P503 has very weak fluorescence as free dye; less 
than 1% quantum yield in solution. However, upon conjugation, 
not only does the fluorescence quantum yield rise to 50%, it also 
undergoes a substantial bathochromic shift of 100 nm.3 

 
Key Features 
• Easy two step denature and label sample preparation. 

• No buffer exchange or free-dye clean up required. 

• Sensitive detection of impurities at the 1x109 GC/mL or        
5 ng/mL range, typical of therapeutic products, using 
Capillary Electrophoresis with LIF detection and Stacking 
techniques. 

• Use CE-SDS MW kit with no modifications to the chemistry. 
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Materials, Instrument and Methods 

Materials: The CE-SDS MW kit (PN 390953) and LIF 
Performance Test Mix (PN: 726022) were from SCIEX, 
Framingham, MA. Packaged AAV8 of pAV-CMV-GFP with titer 
at 1.10x1013 GC/mL (titer as supplied by vendor) was purchased 
from Vigene Biosciences (Rockville, MD, U.S.A.). AAV 
formulation buffer (1X PBS with 0.001% Pluronic F68) was also 
from Vigene Biosciences. Chromeo P503 catalog # 15106, was 
purchased from Active Motif (Carlsbad, CA). Phosphate Buffered 
Saline Bioreagent Suitable for Cell Culture 10X, Sigma-Aldrich, 
PN P5493-1L was used as base for CE-SDS custom sample 
buffer. Sodium Dodecyl Sulfate, J. T. Baker, PN 4095-04. 

Sample storage: Upon arrival, 5 µL aliquot of AAV8 sample 
were stored at -80 oC freezer to avoid multiple freeze-thaw 
cycles. 

 
Instrument and software: A PA 800 Plus Pharmaceutical 
Analysis System equipped with LIF detector and solid-state laser 
with excitation wavelength at 488 nm were from SCIEX 
(Framingham, MA) and a 600 nm band pass emission filter from 
Edmund Optics (Barrington, NJ). Data acquisition and analysis 
were performed using 32 Karat softwareTM V10. The separation 
method used in this work has already been described by Li.4 

Briefly, the CE separation method takes advantage of stacking 
technique by introducing a plug of water (20 psi/0.6 min) prior to 
the sample injections (-10 kV/60 seconds). 

 
LIF Calibration: To ensure consistent response of LIF detector 
throughout this study, the LIF detector was calibrated using LIF 
Calibration Wizard and Performance Test Mix (PN: 726022). 

Preparation of Chromeo P503 Working Solution: A vial of 
Chromeo P503 dye comes in 1 mg of lyophilized powder. The 
lyophilized powder was reconstituted by adding 1 mL of 
methanol. Make 10 µL aliquots to prevent contamination due to 
over-handling. After reconstitution, the dye label can be stored  

 

 

at 2-8 oC for six months according to the manufacturer’s 
instructions. 

Sample Dilution Procedure Prior to Labeling: One 5 µL 
aliquot of AAV8 sample was taken out of the freezer and diluted 
as follows: To prepare 1.10x1011 GC/mL: 1 microliter of AAV8 
1.10x1013 GC/mL was added to a 99 µL of 50 mM phosphate 
buffer solution pH 8. To prepare 1.10x1010 GC/mL: 1 microliter of 
AAV8 1.10x1013 GC/mL was added to a 9 µL of 50 mM 
phosphate buffer solution pH 8. 

Sample Denaturing Procedure Prior to Labeling: 5 µL of 
AAV8 diluted as in previous session were mixed with 5 µL of Tris 
sample buffer and 1µL of 1M DTT. Both reaction mixes were 
briefly vortexed for proper mixing and heated to 60 oC for 10 
minutes. After, the reaction tubes were allowed to cool down to 
room temperature. 

 
Sample Labeling Procedure:. In this protocol, the least amount 
of sample possible is used, which may lead to challenges in 
pipetting very small volume. Scaling up the sample prep is 
possible and should be used if sample volume is not an issue. 
0.5 µL of 1 mg/mL of Chromeo P503 Labeling Working Solution 
was added to each reaction tube and briefly vortexed. Once 
again, both tubes were heated to 60 oC for 20 minutes. 
Afterwards, both tubes were first allowed to cool to room 
temperature and then 38.5 µL of DDI water was added to either 
reaction tube. After labeling and dilution, the final concentrations 
are AAV8 1.1X1010 and 1.1X109 GC/mL respectively. 

Dilute

• 38.5 µL of ddi 
Water

Heat

• 60oC
• 20 Min

Label to 
reaction 

mix

• 0.5 µL of P503 
(1 mg/mL) in 
water

Heat 
Denature

• 60oC
• 10 min

Reaction 
Mix

• 5 µL AAV 1011

GC/mL
• 5 µL CE-SDS 

Sample Buffer
•1 µL 1 M DTT

Figure 3: Simple Two Step “Denature and Label” Sample Preparation Scheme of AAV. 
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Results and Discussions 
AAV Process and Product Related Impurities5: Similar to a 
therapeutic monoclonal antibody production, there are stringent 
manufacturing requirements for the removal of product and 
process related impurities. Furthermore, sensitive analytical 
techniques for the detection and quantitation of impurities for 
product safety. This work is focused on the capsid impurities. 

CE-SDS has been used as the gold standard for the 
characterization of therapeutic proteins from manufacturing to lot 
release. Combining the reproducibility and specificity typical of 
CE-SDS with sensitivity of LIF detection and easy to label 
sample preparation, AAV capsid protein purity can be easily 
determined. 

Figure 4 shows a typical profile of P503 labeled AAV8 at the 
target concentration (1010 GC/mL) of clinical formulation 
compared to an absorbance UV. The labeling drastically 
improves sensitivity. 

 
Formulation buffer and the impact on assay sensitivity: The 
type of injection typically used in CE-SDS assays is 
electrokinetic, where a low voltage is applied to drive charged 
ions into the capillary. However, there is an inherit bias towards 
highly charged small ions in electrokinetic injection. The 
combination of a large protein molecule of interest, such as 
capsid proteins, present in formulation buffer with high salt 
content will decrease the sensitivity of the assay, due to the 
dramatic difference in mobilities. Smaller ions move faster during 
electrokinetic injection than their larger protein counterparts. 
Figure 5 shows a comparison of the electropherogram of AAV8 
at the limit of detection (1.1 109 GC/mL) in 2 different formulation 
buffers. Red trace is AAV8 in 1X PBS which has a much higher 
salt content thus lower peak height, compared to AAV8 in 50 mM 
phosphate buffer. Additionally, the higher pH of phosphate buffer 
promotes the labeling reaction. In this figure the signal to noise 
ratio were: 31, 3 and 7 for VP3, VP2 and VP1, respectively. This 
is within the acceptable S/N of 3 for limit of detection. 

Additionally, the relative proportions between the capsids VP3, 2 
and 1 were 10.8:1:1.8 respectively. While we demonstrated a 
separation of trace amounts of AAV with good signal to noise, 
this was accomplished with an increased amount of dye to 
protein ratio than recommended by the manufacturer.3   We 
found this necessary to promote labeling. However, we observed 
a significant tailing effect (Figure 5). This condition may be 
mitigated with buffer exchange and concentration of the initial 
AAV sample to 1011 or higher GC/mL. 

 
When working with labeled protein molecules, it is important to 
run a blank to ensure proper peak assignment. Even though 

 

 
Figure 4. Comparison Between AAV8 1.1x1010 Using UV Absorption 
(red trace) and LIF (black trace). Left Y axis shows RFU units and 
Right Y axis show Absorbance. ? denotes an unknown peak. 

 
P503 dye used in this work has very low quantum yield when 
unbound (<1%)3, it is reactive towards primary amino groups and 
CE-SDS separation gel in a 100 mM Tris sample buffer. For this 
reason, a blank composed of AAV diluent buffer, formulation 
buffer and CE-SDS sample buffer was used. Figure 6 shows an 
overlay of the electropherograms from Blank and AAV8 at 
1.1x109 and 1010 sample analysis. 

 
 
 

Figure 5. Comparison Between Different Salt Levels in Formulation 
Buffer of AAV8 at Low Trace Levels 1.1x109 GC/mL. (Red) 1X PBS; 
(Black trace) 50 mM Phosphate buffer pH 8. *marks an artifact from 
blank. 
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Figure 6. Overlay of Blank (red trace) and AAV8 at 1.1x109 (black 
trace) and 1.1x1010 (blue trace). Note the raise in the blank run 
signifying a labeled product that cannot be attributed to an impurity in 
the AAV. 

 
Even though AAVs are stable, degradation is of great concern in 
any biopharma product. Figure 2 (see front page) showcases the 
comparison between heat stressed at 93 0C for 30 minutes and 
non-stressed AAV8 samples at the same concentration 1.1x1010 

GC/mL. Generally, there is a significant decrease in the overall 
peak intensity for the heat stressed samples. It is worth 
mentioning the considerable change in the profile of the 
electropherogram in the heat stressed samples specially for the 
lower molecular weight peaks presumed attributed to possible 
impurities in the original sample, are sensitive to the heat. 
Demonstrating that the proposed labeling scheme is suitable for 
assessing purity of AAV8 capsid proteins. 

Conclusions 
• CE-SDS MW kit when combined with LIF detection can 

successfully achieve trace levels detection of AAV8 capsid 
proteins, successfully analyzing AAV8 at limit of detection at 
1.1x109 GC/mL. 

• Easy 2 step labeling with P503 dye does not require buffer 
exchange prior to analysis. 

• By using formulation buffer with low salt concentration and 
slightly higher pH, while still keeping AAV8 stability, allows for 
better sensitivity due to favorable electrokinetic injection 
conditions and improved sensitivity due to advantageous 
labeling environment. 
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