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            ( )  

          ( )  

              ( )  



i 

 

    

 

  ( Etanercept, Enbrel ®)   (polypeptide)  

  ( Asn, asparagine )  N-  (N - glycan)  

   (therapeutic glycoprotein) . 

  N- glycan    , 

  (stability),  (efficacy),  

(immunogenecity)         

 N- glycan   (heterogeneity)     

      (QC, quality 

control)    .  

     Etanercept   N-

glycan      .    

N-  F (PNGase  F)   N- glycan   , 

 N- glycan  2-  (2 - AB, 2 - aminobenzamide) 

  (fluorescence labeling)   ,   (SPE, solid 

phase extraction)   2- AB  N- glycan  

(mixture)    .  2- AB N- glycan 

mixture  -   
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 (HPLC - HILIC, high performance liquid 

chromatography - hydrophilic interaction liquid chromatography)  

 ,   (FLD, fluorescence detector)  

 (MS, mass spectrometry)  .     

   (retention time, RT, min)      

(glucose  unit)    2- AB    ( 2- AB 

labeled dextran  ladder)  . 2- AB N- glycan   

  glucose  unit  online database    , 

Q- TOF - MS        (   

0.01 Da  )   ,    

 (exoglycosidase)      

       N- glycan  

 . 3        

   (relative peak intensity, %)   

(relative intensity, RSD, %)      

 (RSD < 10%).  

: , N - glycan, exoglycosidase, fluorescen ce, 

mass spectrometry  

: 2013 - 23465  
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I.  

 

 (recombinant DNA technology)   

  .    

   , , ,  

       . ,  

   (post - translational modification)    

      ,    

  . 

  , , ,   

 (1) .  ,  (sialic acid)    

     (recombinant human 

erythopoetin)       (2) ,  

(mannose)        (3) . 

  ,      

       (heterogeity)  

 .         

  ,       

       . N-

glycan    N-  (GlcNAc, N -
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acetylglucosamine)  3   (mannose)  

   ,      

 high mannose type, complex type, hybrid type  . 

Glycan      N- glycan   

   .  

 (Etanercept, Enbrel ®)  ,  , 

  ,     (TNF -  , tumor 

necrosis factor Ŭ˾) .  TNF receptor 2   

(IgG1, immunoglobulin G1)  Fc  (Fc fragment)   

 (fusion protein)  N- glycan     

(glycosyla tion site)   6  .   HPLC -

FLD  HPLC - MS   Etanercept   N- glycan  

      . ,   

 exoglycosidase   N- glycan    

.         

     . 
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II .   

 

1.  

 

-  Etanercept (Enbrel ®)  

 

2.    

 

2- 1.   

 

-  Water (J.T. Baker, USA)  

-  Acetonitrile , ACN  (J.T. Baker, USA)  

-  Ethanol (Sigma Aldrich, St. Louis, Mo, USA)  

-  Acetic acid (Sigma Aldrich, St. Louis, Mo, USA)  

-  Dimethyl sulfoxide, DMSO (Sigma Aldrich, St. Louis, Mo, USA)  

-  Sodium cyanoborohydride (Sigma Aldrich, St. Louis, Mo, USA  

-  2- Aminobenzamide (Sigma Aldrich, St. Louis, Mo, USA)  

-  Peptide N - glycosidase F, PNGase F  (New England Biolab, Inc., 

P0705S)  

-  Streptococcus pneumonia sialidase, NAN1 ( ProZyme , Inc., 

Hayward, CA, USA, GK80020)  

-  Arthrobacter ureafaciens sialidase, ABS ( ProZyme, Inc., 
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Hayward, CA, USA, GK80040)  

-  Bovine kidney - fucosidase, BKF ( ProZyme, Inc., Hayward, 

CA, USA, GKX- 5006)  

-  Bovine kidney - galactosidase, BTG ( ProZyme , Inc., Hayward, 

CA, USA, GKX- 5013)  

-  Streptococcus pneumonia - galactosidase, SPG ( ProZyme, 

Inc., Hayward, CA, USA, GKX- 5014)  

-  Streptococcus pneumonia hexosamidase, GUH ( ProZyme, Inc., 

Hayward, CA, USA, . GK80050)  

-  Jack bean mannosidase, JBM ( ProZyme, In c., Hayward, CA, 

USA,  GKX- 5010)  

-  Dextran calibration ladder standard ( Waters Corp., Miliford, MA, 

USA, 186006841)  

 

2- 2.    

 

-  Centrifuge  5415R  (Eppendorf AG, Hamburg, Germany)  

-  Vacuum Oven OV - 01 (Jeio Tech, Seoul, South Korea)  

-  Automatic Environmental SpeedVac System AES 2010 (Thermo 

Savant)  

-  Amicon Ultra - 0.5 Centrifugal Filter Unit with Ultracel - 10 

membrane  (Merck Millipore, Darmstadt, Germany)   
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-  Amicon Ultra - 0.5 Centrifugal Filter Unit with Ultracel - 3 

membrane (Merck Millipore, Darmstadt, Germany)   

-  Glyko ® GlycoClean  S Cartridges ( ProZyme, Inc., Hayward, 

CA USA, GKI - 4726)  

-  PerkinElmer Flexar ® FX- 10 UHPLC system  with PerkinElmer 

Series 200a Fluorescence detector  

-  Agilent 1260 HPLC instrument coupled with a 6530 Q - TOF 

mass spectrometer  

-  Waters Acquity UPLC Glycan BEH Amide column (1.7 m 

particle, 2.1 x 100 mm)  
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3.    

 

3- 1. Enbrel  Etanercept     

 

  Enbrel   Etanercept (  51 ,234.9) 

  (  182.2) ,  (  342.3) ,  

(  121.1)    .     

Etanercept      1,000   , 

  10,000       

   10 K Amicon   Enbrel   ( 1 g/L )  50 

L  14000 x g  15     Etanercept  

  (Figure 1) .  

 

Figure 1 . Enbrel   
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3- 2.   (protein denaturation)  

 

Etanercept  N- glycan      50 

g  EP tube  , PNGase F  ( NEB)   denaturing buffer 

(10 x)  10     10 L  .  heat 

block  100 , 10    . 

Denaturing buffer     sodium dodecyl 

sulfate ( SDS, 0.5% )   dithiothreitol ( DTT , 0.4  mM)  

 (Figure 2).   

 

 

Figure 2. Etanercept   
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3- 3. Etanercept  N- glycan  ( Enzymatic 

deglycosylation )  

 

 asparagine (Asn)    N- glycan  

        

,         (4) . 

 Etanercept     , PNGase F (NEB)  

 10 X GlycoBuffer 2  (0.5 M sodium phosphate, pH 7.5) 2 L, 

10% NP - 40 2 L, PNGase F 1 L (500 U)   37 C  

18    (Figure 3) .  

 

 

Figure 3 . PNGase F    

 



9 

 

3- 4.    N- glycan  ( Ethanol 

precipitation )  

 

PNGase F   N- glycan    N-

glycan        

    . 300 L cold ethanol 

    - 75 C       

 (5)   (Figure 4).   4 C, 15,000 rpm  

2   ,  pellet   N- glycan   

 (supernatant)     EP tube    

speedvac    (centrifugal evaporation) .  

 

 

Figure 4 .    N- glycan  
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3- 5. 2- AB  labeling  

 

N- glycan   chromophore     

(spectrometer)     .    

   2- aminobenzamide (2 - AB)  

 N- glycan  . DMSO 350 L  acetic acid 

150 L    100 L   2- AB 6 mg  sodium 

cyanoborohydride 6 mg   2- AB labeling  . 

  10  L   N- glycan   37 C  16  

  (6)  ( Figure 5) . 

 

 

Figure 5 . N- glycan  2- AB  
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3- 6. Solid phase extraction   2- AB  N- glycan 

 

      2- AB    2- AB  

N- glycan    ,    

 2- AB   2- AB  N- glycan   

 cellulose paper    GlycoClean S cartridges   

solid phase extraction (SPE)    . 

GlycoClean S cartridge  1 mL  water , 5 mL  acetic acid, 4 mL  

ACN     . 2- AB     

   cartridge   15    

. 1 mL  ACN  4 mL  96% CAN  cartridge   

 2- AB  . Cartridge  water 0.5 mL  3   

2- AB  N- glycan   EP tube    speed 

vac   (7)  (Figure 6) .  
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Figure 6 . 2- AB  N- glycan  
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3- 7. Exoglycosidase  array  digestion  

 

  2- AB  N- glycan     

(stereochemistry)    exoglycosidase   

   ,  HPLC - FLD   , N - glycan 

peak      .   

  7  exoglycosidase  : ( 2 3̮)  sialic 

acid   NAN1  (Streptococcus pneumonia sialidase) , 

(2 3̮,6,8)  sialic acid   ABS  ( Arthrobacter 

ureafaciens sialidase) , (1 2̮,6)  fucose   BFK  

(bovine kidney - fucosidase) , (1 3̮,4)  galactose  

 BTG (bovine testis - galactosidase) , (1 4̮)  

galactose   SPG ( Streptococcus pneumonia -

galactosidase) , (1 2̮,3, 4,6)  N- acetylglucosamine  

 GUH (Streptococcus pneumonia hexosaminidase) , 

(1 2̮,3,6)   mannose   JBM (jack bean 

mannosidase) .   2- AB  N- glycan    

exoglycosidase    500 mM sodium acetate buffer 

(pH 6.0)  37 C  18    exoglycosidase 

array  digestion        
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  (8) . 

(a)  2 L buffer, 8 L water  (b) 1 L NAN1, 2 L buffer, 7 L 

water  (c) 1 L ABS, 2 L buffer, 7 L water  (d) 1 L ABS, 1 

L BKF, 2 L buffer, 6 L water  (e) 1 L ABS, 1 L BKF, 4 

L BT G, 2 L buffer, 2 L water  (f) 1 L ABS, 1 L BKF, 4 L 

SPG, 2 L buffer, 2  L water  (g) 1 L ABS, 1 L BKF, 4 L 

SPG, 1 L GUH, 2  L buffer, 1  L wat er  (h) 1 L ABS, 1 L 

BKF, 4 L SPG, 1 L GUH, 1 L JBM, 2 L buffer . (a)~(h )  

  exoglycosidase   3K Amicon  

exoglycosidase    speed vac   (9)  ( Figure 

7) .  

 

Figure 7 . Exoglycosidase array digestion  
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3- 8. Instrumental Analysis  

 

    ( HILIC, hydrophilic 

interaction liquid chromatography )  glycan     

   .     

 70%       

  .   2- AB  N- glycan  

   HILIC   silica   HILIC 

phase  silica  amide    amide  HILIC 

phase  .  2- AB  N- glycan  100  L  

   HILIC HPLC  . Silica  

HILIC   Waters Aquity  UPLC BEH HILIC (1.7 m, 2.1 x 100 

mm)  ,  A (100 mM ammonium formate, pH 4.5) , 

 B ( 100% ACN)       2- AB 

 N- glycan  . 2   A  30%  , 

43    A 47 %  .  10    

 A  80%   5  . Amide  HILIC 

 Waters Acquity  UPLC Glycan BEH Amide (1.7 m, 2.1 x 

100 mm, waters)  ,  A ( 50 mM ammonium for mate, 

pH 4.5) ,  B ( 100% ACN)       
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2- AB  N- glycan  . 1.5   A  30%  

, 45    A 47%  .   

1    A 70%  , 1  .   

  0.2 mL/min   (10) . 

 2- AB  N- glycan    HILIC HPLC   

  ( high - resolution mass  spectrometry)   

   ( QTOF - MS, quadrupole t ime of flight 

mass spectrometry )  , Exoglycosidase   2-

AB  N- glycan       HILIC HPLC  

   ( FLD,  fluorescence detector )  . 

QTOF - MS     . 500~3200 m/z  

 , 350 C   , 10 L/min   , 

30 psi  , 350 C   (sheath gas) , 12 

L/min    .     

( excitation )   330 nm,   ( emission )   420 nm   

.  
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III.   

 

1.   

 

2- AB  N- glycan     HILIC  

  silica  HILIC  silica  amide  

  amide  HILIC  2- AB N- glycan  

    .    HPLC -

QTOF - MS   total ion chromatogram (TIC)   

2- AB  N- glycan  Figure 8   amide    

  .    2- AB  

N- glycan     amide   HILIC   

 .  
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Figure 8 . Bare silica HILIC column vs amide HILIC column  
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2. 2- AB  N- glycan   

 

2- 1. Overview  

 

2- AB  N- glycan     Figure 9   

. HPLC - FLD   Etanercept  2- AB  N-

glycan    ,      

(external standard)      dextran 

ladder   . Dextran ladder   2- AB  N-

glycan peak     (retention time, RT)    

 (glucose unit value, GU value)  .  2- AB 

 N- glycan  GU value    glycan library  

GlycoB ase (11)    N- glycan    

. QTOF - MS       

.     

exoglycosidase       . 
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Figure 9.  Workflow  of 2 - AB labeled N - glycan structure 

identification.  
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2- 2. HPLC - FLD  GlycoBase   2- AB  N-

glycan   

 

 2- AB  Etanercept  N- glycan   HPLC - FLD   

 peak  RT  intensity  .  peak  RT  dextran 

ladder  GU value  2~12   RT    

   GU value  2~12  RT (min)  

 5    (5 th order polynomial least square 

regression)   5       2- AB 

 N- glycan  RT  GU value   ( Figure 10 ).  

 

 

Figure 10 . Dextran ladder   GU value   
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  2- AB  N- glycan  GU value  

GlycoB ase   N- glycan     (  

GU value : 0.01 ~ 0.34) . ,     2-

AB  N- glycan m/z    (T able 1).  

 

Table 1 . Glycobase    N- glycan   
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2- 3. Q- TOFMS   2- AB  N- glycan   

 

2- AB  Etanercept N - glycan  HPLC - QTOFMS  

  , 2- AB  N- glycan   

GU   m/z   m/z  

 0.0 1 m/z   .  GU 

   N- glycan   mass   

 (Table 2) . 

 

T able 2 . QTOF - MS   N- glycan  
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2- 4. Exoglycosidase   2- AB  glycan   

  

2- 3.   2- AB N- glycan      

    exoglycosidase array digestion  

 HPLC - FLD   (Figure 11) .    

       sialidase, 

fucosidase, galactosidase, hexosaminidase     

 peak   .   

ABS    NAN1    spectrum  

,  Etanercept  N- glycan  sialic acid   

2 3̮     . ABS  BKF  

   peak   ,  fucose   

 .    Etanerept N - glycan  core 

fucose     . ABS+BKF+BTG  

ABS+BKF+SPG    spectrum   , 

  galactose  1 4̮     

.   glactosidase       

 spectrum       . 

ABS+BKF+SPG+GUH   , peak  M3   
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,  Etanercept  N- glycan    biantennary 

 .  
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Figure 11 . Exoglycosidase array digestion  

  


