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Introduction

In the development and quality control of biopharmaceuticals (proteins, monoclonal antibodies, antibody drug conjugate, etc.), high performance liquid chromatography (HPLC) is an important tool for analysis and
characterisation of their structural heterogeneity. We have developed a novel C4 bonded reversed phase (U)HPLC column, YMC-Triart Bio C4, which is based on organic/inorganic hybrid silica particles with a pore size of 300 A,
designed for biopharmaceuticals separation. Optimised pore size with narrow pore distribution and advanced surface modification that suppresses interaction between an analyte and residual silanol group improve resolution,
peak shape, sensitivity and reproducibility of analyses of biomolecules such as intact and subunits of monoclonal antibodies. In this poster, we will show some examples of effective method development for biopharmaceuticals
including intact monoclonal antibodies and their fragments with this new hybrid C4 column.

e i i i — Analysis of intact monoclonal antibody (mADb
Specifications Designed for separation of large proteins y y( )
Effect of increasing temperature
] ] B YMC-Triart Bio C4 (5 um, 300 /3\) 300 A (c4) 120 A (C18) Column : YMC-Triart Bio C4 (3 um, 300 R),
YMC-Triart Bio C4 B YMC-Triart C18 (5 um, 120 A) BSA (MW: 66,000) - }30 xt3-3TnF1£1(11%0/0 ,
i . i . uen . water, 1),
Bonded Phase S may may mAU Adalimumab (MW: ca. 148,000) Bevacizumab (MW: ca. 148,000) ) acotonitrile/TFA (100/0.1)
i— 1400+ . 30-60%B (0-15 min), 90%B (15-30min)
Si—C4Hq (MW: 76,000) ]k Detection : UV at 220 nm
Flow rate : 0.4 mL/min
USP Class L26 (MW 66,538) 05.5 6 6.5 7 7.;BU058171107:;35.5 6 6.5 /7L7.5TMZDZZIA;:M ) 7 InjeCtion 4 IJL (0'5 mg/mL)
. : . . a-Chymotrypsinogen A B-Lactoglobulin A (MW: 18,363) 100
Base material InOrgan|C/:i||"igC2n|C hYbrld (MW: 25,656) m1Aq " Adsorption
B-Lactoglobulin A Wy HIBUAS * “w 40°c B The chromatograms for monoclonal
MW: 18,363 Adsorption 9
Particle size (pm) 5,63,1.9 ( L'SOZ’ me) A 0. N Y ffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffff 50°C antibody analysis at different column
(MW:VM éoo) 7 i T e 60°C temperatures from 40°C to 90°C are
Pore size (nm / A) 30/ 300 Insulin Insulin (MW: 5,733) 40 | ] \ 70°C CompaFEd
Bondin trifunctional (MW: 5733) b E m | Uk . \ 80°C . .
9 v-Endorphin M K u J B Increasing column temperature improves
End-capping Yes RS ] . | J\ i - 20°C  peak shape and sensitivity of mAbs.
5 5.5 6 6.5 7 UOS71.5110 n'?i7n“05 5.5 3 6.5 7 Vl;?szm ,2:,”# T ‘ T T T ‘ T T T ‘ T T T ‘ T T T ‘ T T T ‘ T ‘ T T T ‘ T T T ‘ T T T ‘ T T T ‘ T T ‘
0,00 0,10 0,20 2 ] 6 8 10 i 2 ! 6 B 10 min
Usable PH range 1-10 Peak width at half peak height (min) " Column . YMC-Triart Bio C4 (1.9 R
- - - u : riart Bi .9 um, 300 A)
R 2 . _ _ Corumn size < 150 X 3.0 mm 1D Analysis of five different mAbs o s0x21mmid
- ' ' uen . water, .
Temperature limit 900 CffOr pH 1-7 The _Optl_mlsed pore Slze. with r?arrOW Eluent g) watter/'.I;FfGIx (/_1”0:2/01.%%/0 . mAU B) acetonitrile/TFA (100/0.1) |
>0°C for pH 7-10 distribution of YMC-Triart Bio C4 0 5ok (05 iy N \ L 25.45%B (0-10 min), 90%B (10-12.5 min)
improves peak shape and intensity P ot are ool ™" ; NIST mAb PO rate e g™
of proteins with high molecular o S s ma/mLy 59 ) Injection : 2 L (0.5 mg/mL)
weight. 4o | 5 5.5 6 65 7 75 mine
- . . ; | B The four therapeutic mAbs and NIST mAb reference
Effect of surface modification on peak shape of proteins and peptides s | material were analysed using 1.9 pm YMC-Triart Bio C4
294Vi8:)731F2 } NIST Ab UHPLC CO|Umn at 800C.
YMC-Triart Bio C4 prototype C4, 300 A Ty i - I kv_ Bevacfi‘;umab
i - iff i - i u 12 : X 3. . . V18073102 \ . . . .
(Highly end-capped) (different in end-capping process) Eluent ) water/TEA or formic acid (100/0.1) 1o Jﬂ\ Adalimumab B The difference in retention and peak profiles are
o 3 o 3 - ytochrome ¢ owrote 2 L:05%B (0-15 min) o} 11 Trastuzumab observed among these mAbs and it shows YMC-Triart
3.BSA Temperature  : 40°C e O O Bio C4 is suitable for mAb characterisation.
< 300 Defteci_:lon : UV at 220 nm
™ 304 Injection :4 L (0.1~ 0.5 mg/mL)
P ] - - -
el , , — Analysis of mAbs and related substances with LC/MS compatible mobile phase ——
o - 1 1 B The chromatograms of protein analysis are compared
S o 104 . . H
5 M R between YMC-Triart Bio C4 column and its prototype (A) mAb fragments Mobile phase containing 0.1% TFA
'g 03HBU11_270428'5 — : — oo sroms | | | | | which is different in end—capping process. AIthough the Mobile phase containing 0.1% formic acid \ i,
q) 3 4 5 6 7 8 9 min*
v . : o .
2 . results obtained with 0.1 /0_ TFA _(upper ﬂgure_s) are mau  YMC-Triart Bio C4 mau  Acquity UPLC Protein mau  AdvanceBio RP-mAb IdeS Denaturation / Light
a|l o o s comparable, the results obtained with 0.1% formic acid 20 (1.9 um, 300 A) 2/ BEH C4 (1.7 um, 300 8) 5 (3.5 pm, 450 A) digestion ~ reduction chain
= & 3 (lower figures) are significantly different. . g g I IFC/Z
o| .0 - 0 1. Fc/2 3
g 2 5 The optimised end-capping process of YMC-Triart Bio C4 ] 2 Ushechai ” ts 3
= ; 1 2 suppresses interaction between an analyte and residual Column size  : 150 x 2.1 mm ID
L 1 3 12 Eluent <TFA> : A) water/TFA (100/0.1)
o 104 104 . . . H 10 10 ' o '
% silanol group and improves peak shape of proteins with , 10 B) acetonitrile/TFA (100/0.1)
o . . . 1 2 25-50%B (0-10 min), 90%B (10-12.5 min)
o 01 HBUL1_170501 01 HBU11_170406 O. 10/0 formlc aC|d mOblle phase. 5 1 Eluent <formic acid>
3 4 5 6 7 8 9 min? 3 4 5 5 7 8 5 min : A) water/formic acid (100/0.1)
5 5 B) acetonitrile/formic acid (100/0.1)
20-45%B (0-10 min), 90%B (10-12.5 min)
Detection : UV at 280 nm
Flow r : 0.4 mL/min
O_A.L A UL__WJL________ 0 D A T:mp:r?ture : 80°C /
x H H Visoroshs e visaross. Injection {4 UL (0.25 mg/mL)
High chemical stability N T T T I T T e i e R
Acidic condition (containing 0.1% TFA at 70°C)
Red : Tnitial B No change in retention time and peak shape s (B) Intact mAb
- - - : ntact m S
Blue : After 125 hr (3,000 column volumes, 150 injections) obseryed when using .YMC-Trlart Bio C4 under Mobile phase containing 0.1% TFA
mAU | chgmlcally harsh cpndltlons such as the strongly % Adalimumab " NIST mAb Mobile phase containing 0.1% formic acid
- 3 S Cytathrarase A acidic eluents and high temperature. . | ) ——— YMC-Triart Bio C4 (19 um. 300 &)
3. Insulin : 3 150 x2.1mmiD
600 4. BSA _ 1 40 Eluent : A) water/TFA or formic acid (100/0.1)
] 1 2 4 5. a-Chymotrypsinogen A Column . YMC-Triart Bio C4 (5 pm, 300 &), 150 x 3.0 mm ID n N B) acetonitrile/TFA or formic acid (100/0.1)
] 5 Eluent : A) water/TFA (100/0.1) 5 < _ 25-50%B (0-10 min), 90%B (10-12.5 min)
400 1 B) acetonitrile/TFA (100/0.1) _ _ 20/ o 20l S II:Dletectlon UV at 280 nm
] 20-60%B (0-27 min), 90%B (27-35 min), 20%B (35-50 min) ow rate - 0-”; mL/min
o OI‘L mi/min ° " vigazazr -Srgnnlgfga(fgrzg 305 (r:ng/mL
200_5 Ei?;ig?rfure 6(\)/ gt 220 nm o VISBFES JL o V1§87‘17U% A. Injection : 2 yuL (0.5 mg/mL)
3 njection 10 1L (0.25 ~ 0.50 mg/mb) L T T 2 S e e e I 0 s e
0 B-BURBS ¥ B 7
0 > 10 1> 20 23 min® (C) Antibody-drug conjugate (ADC)
i ) i i i i i Mobile phase containing 0.1% TFA Mobile phase containing 0.1% formic acid
— Comparison of protein separation with 0.1% formic acid mobile phase HO
. | Reduced mAb N Reduced mAb HO
T = XBridge Protein BEH C4 AdvanceBio RP-mAb C4 Aeris widepore C4 -
y YMC-Triart Bio C4 (3 pm, 300 A) - 35 L. 300 &) - (3.5 1, 450 %) N (3.6 um. 500 &) 30] LO N LO
3 1. Cytolchrome c 207 JL 7
2. Insulin 350 350 5
400 2 . Transferrin 400, 107 | L
4 i i TE;SE\A sfe | 2 5 300 300 O__Jk J/k/\,“ V190215H2 O‘J V190218E2
300 g:g:l(_lahcytr?‘lgcjfr?/lslsl?nogenA 200 4 250 - 6: no elution 250 1, 5, 6: no elution S A S A S SAA S SR 0 1 5 3 % 5 6 5 8 9 min#
200 4 200 mAU- _ . . mAY - i i HO nJ H3
200 1 200 5, . : - , 3 4 . Reduced ADC-mimic H1 Calculated ) Reduced ADC-mimic 1 A
100 100 ! 100 1 100 - L1 ] average DAR=3.9 3 Co]
/AJ-U 5 50 10: HO - H3 ) LO
’ - - R -VISOIZ.SBB_‘? N V180126A03349 ) o V1802028 ._ o I visoz0sn, 5 LO “lhee .
2 3 4 5 6 7 8 9 min 2 3 4 5 6 7 8 9 min 2 3 4 5 6 7 8 9 min# 2 3 4 5 6 7 8 9 min# O:J V15021512 O_J V190218F2
R R N A R T o 1 5 5 & 5 & i T8 mm
Eluent . A) water/formic acid (100/0.1) B YMC-Triart Bio C4 shows better peak shape and recovery compared to
09598 (0- 18 iy 10 HOO/0-D) commercially available C4 columns designed for bioseparation, with a mobile Cysteine-conjugated ADC mimic
Tt A 20 i phase containing 0.1% formic acid, which is commonly used for LC/MS(/MS) o 7 [ cotumn ymc-Trart Bio ca (1.9 um, 300 A
X Z.1 mm
analyses. S\C/i\/\O\/H\/\/\/ﬁ\N/\/\/\NCS\S\'L\ Fluent <TF'A:\>A) water/TFA (100/0.1)
© I H H O n B) acetonitrile/TFA (100/0.1) Detection : UV at 280 nm
- 27-42%B (0-10 min), 90%B (10-12.5 Min)  Flow rate . 0.4 mL/min
- - = - Eluent <formic acid> ratur . 80°C
— Method development for simultaneous analysis of Amyloid B (AB) proteins o U HO H1 H2 H3 . A) water/formic acid (100/0.1) Sample. "\ mAb and ADC-mimic were reduced
B) acetonitrile/formic acid (100/0.1) with 10 mM DTT at 30°C, 1 hr
" 22-37%B (0-10 min), 90%B (10-12.5 min)  Injection : 2 uL (1.0 mg/mL) for mAb
Amyloid B protein (Human) Column : YMC-Triart Bio C4 (5 pm, 300 &), 150 x 3.0 mm ID W }#j } # \T \r 4 uL (0.625 mg/mL) for ADC-mimic
o o i _ . 4, Eluent T A) water/.bu.ffer
0170 TRA, 257C Jhiaastisn i 433 e JCLL L
mAU] ﬁmz:g:g g 8:1%; mw j’gig Detection : UV at 2020 nm ’ ’
’ AB(l_\Bs) AB(1-40) | niection &1L (Sach 0.1 mg/mL) B The analysis results of (A) mAb fragments, (B) intact mAbs, and (C) reduced mAbs and ADCs are compared between
) \ AB(1-43) 0.1% TFA added condition and 0.1% formic acid added condition. The excellent resolution and peak shape are obtained
AB(1-42 : jy . o i . : : :
; // B(1-42) Change of pH and temperature Wltf.'l YMC-Triart B.IO C4 and 0.1% TFA added condition for a variety of mAb and related substances which are different in
- their molecular size and hydrophobicity.
E | | | . . w20 MM HCOONH,-NH; (pH 9.7), 25°C _ o _ N _ _ _
° i 0 15 & # | AB(L38)  AB(1-40) B Formic acid is a more compatible additive for MS detection than TFA and commonly used in LC/MS analysis of low
B AB(1-42), molecular compounds. However, it usually produces peak broadening and low intensity for proteins as shown in the
“‘i \ ‘ 7 AB(1-43) results with two commercially available C4 columns and (A) mAb fragments. With YMC-Triart Bio C4 column, although
Change of temperature & slightly broader peaks and shorter retention times are provided using 0.1% formic acid added conditions for larger
R molecules such as (B) intact mAbs or (C) reduced mAb and ADC, the separation would be very suitable for the
0 : fo Is % 5 structural analysis using LC/MS(/MS).
0.1% TFA, 40°C Y g LC/MS(U/MS)
~; 20 mM HCOONH,-NH5 (pH 9.7), 40°C
. ¥ Conclusions
J o E The combination of newly developed hybrid particles with a uniform 300 A pore diameter
° 5 i i 02"10/ TF”A 70;‘"& > and advanced surface modification of YMC-Triart Bio C4 column provide excellent peak
. ) ; 0 5 10 15 20 25 min# . . .. . e .
ap(1-38) ABL40) o o) shape for a variety of proteins and sufficient chemical stability over a wide pH and
. N |\ Ap(1-42) E The simultaneous analysis method of four AB proteins (1-38, 1-40, temperature range. This advantage enables a rapid and efficient method optimisation for
o] 1-43, 1-42) was developed by changing pH and temperature. The complex mixtures of peptides and proteins.
N conditions containing 0.1% TFA at higher temperature provided
' better peak shape and resolution of AB(1-42) and AB(1-43). : - : - - :
o P P p(1-42) p(1-43) E The superior peak shape and intensity even for larger biopharmaceutical proteins such as
~_J B The high chemical stability of Triart Bio C4 enables rapid method intact mAbs, mAb fragments and ADCs, are obtained on YMC-Triart Bio C4 with LC/MS
optimisation for complex mixtures of peptides and proteins compatible mobile phases containing 0.1% formic acid.
utilising the wide pH and temperature range.

www.ymc.de




