
Supplementary materials 

Figure S1: Example of Tier 1 level identification of thiamin 

Experimental data obtained in the feed (green) compared to the data obtained for the standard (blue) 
for feature m/z = 265.1117, RT = 2.56 min, tier 1, identified as compound 1. 

 

  



Figure S2: Identification of interaction partner 

Heatmap of thiamin degradation products in each component specific deficient feed (-) or feed with 
addition of specific components (+). PTyr abbreviates phosphotyrosine. Data of vitamin and other 
component specific deficient feeds are not shown since they were not identified as interaction partner. 
Light blue color indicates that the feature was not detected at all or only background signal was 
detected. Change from light to dark blue indicates an increase in feature abundance. 

 

 

 



Figure S3: Cell performance of clone 3 and 4 and day 12 cQAs of mAb 3 and 4  

Cell performance of clone 3 and 4 during the FB and day 12 cQA analysis of mAb3 and mAb4. A) Viable 
cell density, B) viability, C) titer, D) relative quantification of intact recombinant protein and total low 
as well as high molecular weight forms (LMW, HMW), E) relative quantification of charge variants, and 
F) relative quantification of total fucosylation (Fuc), total high-mannose (Man), total galactosylation 
(Gal), total sialylation (Sial), and total N-acetylglucosamine (GlcNac) species. ncell performance=4 and 
ncQAs=3, error bars represent standard error of mean. 

Charge variants of the fusion protein were not characterized because there is no analysis method 
available in the laboratory yet. 

Vi
ab

le
 c

el
l d

en
si

ty
 [x

10
6

ce
lls

/m
L]

Vi
ab

ilit
y 

[%
]

R
ec

om
bi

na
nt

 p
ro

te
in

 c
on

ce
nt

ra
tio

n 
[m

g/
L]

R
el

at
iv

e 
AU

C
 [%

]

clone 3 fed with thiamin deficient feed 3
clone 3 fed with thiamin containing feed 3

clone 4 fed with thiamin deficient feed 3
clone 4 fed with thiamin containing feed 3

A B

C D

E F

 

  



Figure S4: Thiamin phosphate species of clone 3 and 4 

Thiamin species detected extra- and intracellularly during the FB. Lighter color indicates the conditions 
without thiamin in feed 3. Darker color indicates the conditions containing thiamin in feed 3. N=3. 
Timepoint and lowest thiamin abundance highlighted for conditions fed with a thiamin deficient feed.   

 

 

  



Figure S5: Intracellular and not yet presented features affected by thiamin removal 

Structures of features that were not yet presented and found with intracellular metabolomics. 
Component specific information are presented as [Identifier; interaction partner if found or not 
available (na); tier level]. For 65 and 67 Leu was presented as interaction partner and for 66 and 68 Val 
was presented as interaction partner. Red highlights structural differences compared to thiamin. 
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Section S1: LC-MS structure/tier assignments for features 

Various levels of confidence were assigned to the annotations based on the initial recommendation of 
Sumner et al. [14] and some further published guidance document [15]. Briefly, tier 1 identification 
level was given to features where RT, precursor mass, and fragmentation pattern matched a 
commercially available standard that was measured on the same LC-MS equipment and with the same 
method. Tier 2 annotations were obtained for features identified by comparing the MS/MS 
fragmentation pattern with a spectral library (HMDB, METLIN or NIST). Features were annotated as a 
tier 3 when a tentative structure matched the precursor mass and the MS/MS fragmentation data 
could be annotated manually. Tier 4 correspond to features for which the precursor mass and the 
isotopic pattern were matched with a sum formula. Finally, tier 5 were only identified by a unique RT 
and precursor mass but no tentative structure or sum formula can be reported. 

  



Table S1: Compounds used as standards for tier 1 feature identification. 

Description CAS ID # Catalogue Supplier 
Thiamine chloride hydrochloride 67-03-8 1 500923 Merck 

Thiamin methyl disulfide 2281-20-1 7 FCG4202889027 Santai Labs 
Thiamine-S-sulfonate 3889-45-0 10 CP-19035281 Chempartner 

Thiamin disulfide 67-16-3 22 T-8410 TLC Standards 
2-{[(4-amino-2-methylpyrimidin-5-

yl)methyl]amino}-3-methylbutanoic acid No CAS 30 CSCS06256078232 Chemspace 

2-{[(4-amino-2-methylpyrimidin-5-
yl)methyl]amino}-3-hydroxypropanoic acid No CAS 31 CSC06256078239 Chemspace 

2-{[(4-amino-2-methylpyrimidin-5-
yl)methyl]amino}-3-carbamoylpropanoic acid No CAS 32 CSCS06256078247 Chemspace 

1-[(4-amino-2-methylpyrimidin-5-yl)methyl]-5-
oxopyrrolidine-2-carboxylic acid No CAS 33 CSCS06256078234 Chemspace 

2-{[(4-amino-2-methylpyrimidin-5-
yl)methyl]amino}-3-methylpentanoic acid No CAS 34 CSCS06256078241 Chemspace 

2-{[(4-amino-2-methylpyrimidin-5-
yl)methyl]amino}-3-hydroxybutanoic acid No CAS 35 CSCS02401040605 Chemspace 

2-{[(4-amino-2-methylpyrimidin-5-
yl)methyl]amino}-3-phenylpropanoic acid No CAS 36 CSCS06256078209 Chemspace 

1-[(4-amino-2-methylpyrimidin-5-
yl)methyl]pyrrolidine-3-carboxylic acid No CAS 37 CSMS05241890416 Chemspace 

Thiochrome 92-35-3 41 T7891 Sigma 
Oxythiamin 136-16-3 42 O4000 Sigma 

4-Amino-5-aminomethyl-2-methylpyrimidine 95-02-3 43 QA-1255 Combi-Blocks 

Toxopyrimidine 73-67-6 44 T686980 Toronto Research 
Chemicals 

Sulfurol 137-00-8 45 W320404 Sigma 
Thioxothiamine 299-35-4 46 PHR1759 Sigma 

Oxothiamin 755708-63-5 47 375.365 Chemcube 
4-Amino-5-(formamidomethyl)-2-

methylpyrimidine 1886-34-6 48 A609675 
Toronto Research 

Chemicals 
N-[(4-Amino-2-methylpyrimidin-5-

yl)methyl]acetamide 23676-63-3 49 CSC000092869 Chemspace 

Thiamin monophosphate chloride dihydrate 273724-21-3 54 T8637 Sigma 
Thiamine pyrophosphate 154-87-0 55 C8754 Sigma 

Inosine 58-63-9 62 I4125 Sigma 
 

  



Table S2: Extracellular features affected by thiamin removal 

Extracellular metabolomics applied to supernatant during a FB experiment. Area under the curve of 
interesting feature abundance over time (days 0-17) of thiamin free feed conditions (-) and the 
respective control condition (+) for all tested clones.  

 

  



Table S3: Intracellular features affected by thiamin removal 

Intracellular metabolomics applied to CHO cell lysates during a FB experiment. Area under the curve 
of interesting feature abundance over time (days 0-17) of thiamin free feed conditions (-) and the 
respective control condition (+) for all tested clones.  



 

 


