




























































































































































































































Box No. II APPLICANT

Box No. I TITLE OF INVENTION

PCT

The undersigned requests that the present
international application be processed

according to the Patent Cooperation Treaty. 

REQUEST

Applicant’s or agent’s fi le reference (if desired) (25 characters maximum)

 Agent’s registration No. with the Offi  ce

For receiving Offi  ce use only

International Application No.

International Filing Date

Name of receiving Offi  ce and “PCT International Application”

Name and address: (Family name followed by given name;  for a legal entity, full offi  cial designation.  
The address must include postal code and name of country.  The country of the address indicated in this 
Box is the applicant’s  State (that is, country) of residence if no State of residence is indicated below.)

This person is also inventor

This person is applicant 
for the purposes of: all designated States the States indicated in the Supplemental Box

State (that is, country) of residence:State (that is, country) of nationality:

Box No. III FURTHER APPLICANT(S) AND/OR (FURTHER) INVENTOR(S)

Box No. IV  AGENT OR COMMON REPRESENTATIVE;  OR ADDRESS FOR CORRESPONDENCE

The person identifi ed below is hereby/has been appointed to act on behalf 
of the applicant(s) before the competent International Authorities as:
Name and address:

Further applicants and/or (further) inventors are indicated on a continuation sheet.

agent common
representative

(Family name followed by given name; for a legal entity, full offi  cial designation.  
The address must include postal code and name of country.)

See Notes to the request formForm PCT/RO/101 (fi rst sheet) (July 2022)

Address for correspondence:  Mark this check-box where no agent or common representative is/has been appointed and the space 
above is used instead to indicate a special address to which correspondence should be sent.

Telephone No.

Facsimile No.

Telephone No.

E-mail address*

Facsimile No.

* E-mail authorization: Indicating an e-mail address above authorizes the receiving Offi  ce, the International Searching Authority and the 
International Bureau, if they provide such a service, to send notifi cations exclusively by e-mail to that address, unless the following box is 
marked:  

notifi cations are requested to be sent exclusively by postal mail. 

* E-mail authorization: Indicating an e-mail address above authorizes the receiving Offi  ce, the International Searching Authority and the 
International Bureau, if they provide such a service, to send notifi cations exclusively by e-mail to that address, unless the following box is 
marked:  

notifi cations are requested to be sent exclusively by postal mail. 

Applicant’s registration No. with the Offi  ce

E-mail address*



Form PCT/RO/101 (continuation sheet) (July 2022) See Notes to the request form

State (that is, country) of nationality: State (that is, country) of residence:

State (that is, country) of nationality: State (that is, country) of residence:

Name and address:

State (that is, country) of nationality: State (that is, country) of residence:

State (that is, country) of nationality: State (that is, country) of residence:

Name and address:

Name and address:

Sheet No.   . . . . . . . 

Box No. III FURTHER APPLICANT(S) AND/OR (FURTHER) INVENTOR(S)

If none of the following sub-boxes is used, this sheet should not be included in the request.

Further applicants and/or (further) inventors are indicated on another continuation sheet.

Name and address:

(Family name followed by given name;  for a legal entity, full offi  cial designation.  
The address must include postal code and name of country.  The country of the address indicated in this 
Box is the applicant’s  State (that is, country) of residence if no State of residence is indicated below.)

(Family name followed by given name;  for a legal entity, full offi  cial designation.  
The address must include postal code and name of country.  The country of the address indicated in this 
Box is the applicant’s  State (that is, country) of residence if no State of residence is indicated below.)

(Family name followed by given name;  for a legal entity, full offi  cial designation.  
The address must include postal code and name of country.  The country of the address indicated in this 
Box is the applicant’s  State (that is, country) of residence if no State of residence is indicated below.)

(Family name followed by given name;  for a legal entity, full offi  cial designation.  
The address must include postal code and name of country.  The country of the address indicated in this 
Box is the applicant’s  State (that is, country) of residence if no State of residence is indicated below.)

 Applicant’s registration No. with the Offi  ce

inventor only (If this check-box 
is marked, do not fi ll in below.)

applicant and inventor

This person is:

applicant only

 Applicant’s registration No. with the Offi  ce

inventor only (If this check-box 
is marked, do not fi ll in below.)

applicant and inventor

This person is:

applicant only

 Applicant’s registration No. with the Offi  ce

inventor only (If this check-box 
is marked, do not fi ll in below.) 

applicant and inventor

This person is:

applicant only

 Applicant’s registration No. with the Offi  ce

inventor only (If this check-box 
is marked, do not fi ll in below.) 

applicant and inventor

This person is:

applicant only

This person is applicant 
for the purposes of: all designated States the States indicated in the Supplemental Box

This person is applicant 
for the purposes of: all designated States the States indicated in the Supplemental Box

This person is applicant 
for the purposes of: all designated States the States indicated in the Supplemental Box

This person is applicant 
for the purposes of: all designated States the States indicated in the Supplemental Box
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Supplemental Box          If the Supplemental Box is not used, this sheet should not be included in the request.

See Notes to the request formForm PCT/RO/101 (supplemental sheet) (July 2022)

1.  If, in any of the Boxes, except Boxes Nos. VIII(i) to (v) for 
which a special continuation box is provided, the space is 
insuffi  cient to furnish all the information:  in such case, 
write “Continuation of Box No....”  (indicate the number of 
the Box) and furnish the information in the same manner as 
required according to the captions of the Box in which the 
space was insuffi  cient, in particular:

  (i) if more than one person is to be indicated as applicant and/
or inventor and no “continuation sheet” is available: in such 
case, write “Continuation of Box No. III” and indicate for each 
additional person the same type of information as required 
in Box No. III.  The country of the address indicated in this 
Box is the applicant’s State (that is, country) of residence if 
no State of residence is indicated below; 

 (ii) if, in Box No. II or in any of the sub-boxes of Box No. III, 
the indication “the States indicated in the Supplemental 
Box” is checked:  in such case, write “Continuation of Box 
No. II” or “Continuation of Box No. III” or “Continuation 
of Boxes No. II and No. III” (as the case may be), indicate 
the name of the applicant(s) involved and, next to (each) 
such name, the State(s) (and/or, where applicable, ARIPO, 
Eurasian, European or OAPI patent) for the purposes of 
which the named person is applicant;   

 (iii) if, in Box No. II or in any of the sub-boxes of Box No. III, 
the inventor or the inventor/applicant is not inventor for 
the purposes of all designated States: in such case, write 
“Continuation of Box No. II” or “Continuation of Box No. 
III” or “Continuation of Boxes No. II and No. III” (as the 
case may be), indicate the name of the inventor(s) and, next 
to (each) such name, the State(s) (and/or, where applicable, 
ARIPO, Eurasian, European or OAPI patent) for the purposes 
of which the named person is inventor;

 (iv) if, in addition to the agent(s) indicated in Box No. IV, there 
are further agents:  in such case, write “Continuation of 
Box No. IV” and indicate for each further agent the same 
type of information as required in Box No. IV;

 (v) if, in Box No. VI, there are more than three earlier 
applications whose priority is claimed:  in such case, write 
“Continuation of Box No. VI” and indicate for each additional 
earlier application the same type of information as required 
in Box No. VI. 

2.  If the applicant intends to make an indication of the wish that 
the international application be treated, in certain designated 
States, as an application for a patent of addition, certifi cate of 
addition, inventor’s certifi cate of addition or utility certifi cate 
of addition:  in such case, write the name or two-letter code of 
each designated State concerned and the indication “patent 
of addition,” “certifi cate of addition,” “inventor’s certifi cate 
of addition” or “utility certifi cate of addition,” the number of 
the parent application or parent patent or other parent grant 
and the date of grant of the parent patent or other parent grant 
or the date of fi ling of the parent application (Rules 4.11(a)
(i) and 49bis.1(a) or (b)).

3.  If the applicant intends to make an indication of the wish 
that the international application be treated, in the United 
States of America, as a continuation or continuation-in-part 
of an earlier application:  in such case, write “United States 
of  America” or “US” and the indication “continuation” or 
“continuation-in-part” and the number and the fi ling date 
of the parent application (Rules 4.11(a)(ii) and 49bis.1(d)). 



Box No. VI PRIORITY CLAIM AND DOCUMENT

Sheet No.   . . . . . . . 

Filing date 
of earlier application

(day/month/year)

Where earlier application is:

international application:
receiving Offi  ce

item (1)

regional application:
regional Offi  ce

item (2)

item (3)

Number
of earlier application

national application: 
country or Member

 of WTO

The priority of the following earlier application(s) is hereby claimed:

See Notes to the request formForm PCT/RO/101 (second sheet) (July 2022)

Further priority claims are indicated in the Supplemental Box.

Box No. V DESIGNATIONS

The fi ling of this request constitutes under Rule 4.9(a) the designation of all Contracting States bound by the PCT on the international 
fi ling date, for the grant of every kind of protection available and, where applicable, for the grant of both regional and national patents.

However, 

DE Germany is not designated for any kind of national protection

JP Japan is not designated for any kind of national protection

KR Republic of Korea is not designated for any kind of national protection 

(The check-boxes above may only be used to exclude (irrevocably) the designations concerned if, at the time of fi ling or subsequently 
under Rule 26bis.1, the international application contains in Box No. VI a priority claim to an earlier national application fi led in the 
particular State concerned, in order to avoid the ceasing of the eff ect, under the national law, of this earlier national application.)

Incorporation by reference:  where an element of the international application referred to in Article 11(1)(iii)(d) or (e) or a part of 
the description, claims or drawings referred to in Rule 20.5(a), or an element or part of the description, claims or drawings referred 
to in Rule 20.5bis(a) is not otherwise contained in this international application but is completely contained in an earlier application 
whose priority is claimed on the date on which one or more elements referred to in Article 11(1)(iii) were fi rst received by the receiving 
Offi  ce, that element or part is, subject to confi rmation under Rule 20.6, incorporated by reference in this international application for 
the purposes of Rule 20.6.

The International Bureau is requested to obtain from a digital library a certifi ed copy of the earlier application(s) identifi ed above, 
using, where applicable, the access code(s) indicated below (if the earlier application(s) is available to it from a digital library):

   item (1)     item (2)     item (3)  

Choice of International Searching Authority (ISA) (if more than one International Searching Authority is competent to carry out the 
international search, indicate the Authority chosen; the two-letter code may be used):

Box No. VII INTERNATIONAL SEARCHING AUTHORITY

ISA/ _______________________________________________________________________________________________________

other, see 
Supplemental Box

Restore the right of priority:  the receiving Offi  ce is requested to restore the right of priority for the earlier application(s) identifi ed 
above or in the Supplemental Box as item(s) (_________________________________).  (See also the Notes to Box No. VI;   further 
information must be provided to support a request to restore the right of priority.)

access code  _______________ access code  _______________ access code  _______________

The receiving Offi  ce is requested to prepare and transmit to the International Bureau a certifi ed copy of the earlier application(s) 
(only if the earlier application(s) was fi led with the receiving Offi  ce which, for the purposes of this international application, is 
the receiving Offi  ce) identifi ed above as:

   item (1)     item (2)     item (3)     all items    other, see Supplemental Box

Furnishing the priority document(s):



See Notes to the request formForm PCT/RO/101 (last sheet – electronic fi ling with RO/US) (July 2022)

Sheet No.   . . . . . . . 

1. Date of actual receipt of the purported 
 international application:

3. Corrected date of actual receipt due to later but 
timely received papers or drawings completing 
the purported international application:

For International Bureau use only

For receiving Offi  ce use only

5.  International Searching Authority
     (if two or more are competent):            

4. Date of timely receipt of the required 
corrections under PCT Article 11(2):

Date of receipt of the record copy
by the International Bureau:

6. Transmittal of search copy delayed 
until search fee is paid

2.   Drawings:

received:  

not received:

Box No. IX CHECK LIST for electronic fi ling with RO/US – only to be used when fi ling via the USPTO electronic fi ling system

Box No. X SIGNATURE OF APPLICANT, AGENT OR COMMON REPRESENTATIVE  
Next to each signature, indicate the name of the person signing and the capacity in which the person signs (if such capacity is not obvious from reading the request).

Figure of the drawings which 
should accompany the abstract:

Language of fi ling of the 
international application:

This international application  Number
contains the following: of sheets

(a) request form PCT/RO/101 
(including any declarations 
and supplemental sheets)  . . . . . . . . :

(b) description  . . . . . . . . . . . . . . . . . . . :

(c) claims . . . . . . . . . . . . . . . . . . . . . . . : 

(d) abstract . . . . . . . . . . . . . . . . . . . . . . : 

(e) drawings (if any) . . . . . . . . . . . . . . . :

Total number of sheets . . . . . . . . . . . . :

(f) sequence listing part of the description 

fi led as a WIPO Standard ST.26 XML fi le 

WILL BE fi led separately on physical data 
carrier(s) as a WIPO Standard ST.26 XML 
fi le, on the same day

Indicate type and number of physical data 
carrier(s)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

 1. fee calculation sheet . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  :

 2. original separate power of attorney  . . . . . . . . . . . . . . . .  :

 3. original general power of attorney . . . . . . . . . . . . . . . . . .  : 

 4. copy of general power of attorney; reference 
  number:  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  :

 5. priority document(s) identifi ed in Box No. VI
  as item(s) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  : 

 6. Translation of international application into 
  (language):  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  :

 7. separate indications concerning deposited 
  microorganism or other biological material  . . . . . . . . . .  :

 8. copy of results of earlier search(es) (Rule 12bis.1(a))  . . .  :

 9. other (specify):  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  :

This international application is accompanied by the  Number
following item(s) (mark the applicable check-boxes below  of items
and indicate in right column the number of each item):
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AUTHORIZATION TO CHARGE (OR CREDIT) DEPOSIT OR CURRENT ACCOUNT
(This mode of payment may not be available at all receiving Offi  ces) 

This sheet is not part of and does not count as a sheet of the international application.

Applicant

CALCULATION OF PRESCRIBED FEES

1. TRANSMITTAL FEE:  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

2. SEARCH FEE:  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

International search to be carried out by: _______  

3. INTERNATIONAL FILING FEE

Date stamp of the receiving Offi  ce

PCT
FEE CALCULATION SHEET

Annex to the Request

For receiving Offi  ce use only

Applicant’s or agent’s fi le reference

Fixed amount for the fi rst 30 sheets  .   .   .   .   .   .   .   .   .

See Notes to the fee calculation sheet

International Application No.

Add amounts entered at i1 and i2 and enter total at I: . . . . . . . . . . . . . . . . . . . 

credit card (details should 
not be included on this 
sheet) 

postal money order 

authorization to charge deposit 
or current account (see below)

check

bank transfer

revenue stamps

MODE OF PAYMENT (Not all modes of payment may be available at all receiving Offi  ces) 

TOTAL

7. TOTAL FEES PAYABLE  .   .   .   .   .   .   .   .   .   .   .   .     

Add amounts entered at T, S, I, P, RP and ES, 
and enter total in the TOTAL box 

4. FEE FOR PRIORITY DOCUMENT (if applicable): . . . . . . . . . . . . . . . . . .  

(Applicants from certain States are entitled to a reduction of 90% of the international fi ling fee (see 
www.wipo.int/pct/en/fees/fee_reduction.pdf).  Where the applicant is (or all applicants are) so entitled, the total 
to be entered at I is 10% of the international fi ling fee.)

cash

other (specify):

Authorization to charge the total fees indicated above.
(This check-box may be marked only if the conditions for deposit or current 
accounts of the receiving Offi  ce so permit) Authorization to charge any 
defi ciency or credit any overpayment in the total fees indicated above.
Authorization to charge the fee for priority document.

Receiving Offi  ce:  RO/ __________________________

Deposit or Current Account No.: __________________

Date: ________________________________________

Name: _______________________________________

Signature: ____________________________________

T

S

i2

I

P

i2

i1 i1

_________________  x  __________________  =
 number of sheets   fee per sheet
 in excess of 30 

Enter total number of sheets indicated in Box No IX: _______   

5. FEE FOR RESTORATION OF THE RIGHT OF PRIORITY (if 
applicable):  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . RP

6. FEE FOR EARLIER SEARCH DOCUMENTS (if applicable):  . . . . . . . . .  ES

(Applicants may be entitled to a reduction of certain fees as indicated in the PCT Fee Tables 
(www.wipo.int/pct/en/fees.pdf))
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Cell-based production of Fc-GlcNAc and Fc-alpha-2,6 sialyl glycan en-
riched antibody with improved effector functions through glycosylation 
pathway engineering 

Han-Wen Huang, Vidya S. Shivatare, Tzu-Hao Tseng, and Chi-Huey Wong*. 

Department of Chemistry, The Scripps Research Institute, La Jolla, California 92037, United States. 

*Email address of the corresponding author: wong@scripps.edu 

 

 

ABSTRACT: Glycosylation of antibody plays an important role in Fc-mediated killing of tumor cells and virus-infected cells through 

effector functions such as antibody-dependent cellular cytotoxicity (ADCC), antibody dependent cell-mediated phagocytosis (ADCP) 

and vaccinal effect. Previous studies showed that therapeutical humanized antibodies with 2-6 sialyl complex type (SCT) glycan 

attached to Fc-Asn297 exhibited optimal binding to the Fc receptors on effector cells associated with ADCC, ADCP and vaccinal 

effect. However, the production of antibodies with homogeneous Fc-SCT needs multiple in vitro enzymatic and purification steps. In 

this study, we report two different approaches to shorten the processes to produce SCT-enriched antibodies. First, we expressed a 

bacterial endoglycosidase in GNT1-KO EXPI293 cells to trim all N-glycans to mono-GlcNAc glycoforms for in vitro transglycosyl-

ation to generate homogeneous SCT antibody. Second, we engineered the glycosylation pathway of HEK293 cells through knock-

out of the undesired glycosyltransferases and expression of the desired glycosyltransferases to produce SCT enriched antibodies with 

similar binding affinity to Fc receptors and ADCC activity to homogenous SCT antibody.   

Introduction 

  Antibody plays an important role in humoral immune re-

sponse and has diverse plasticity and biological functions. The 

prototype of antibody is a major component of B cell receptor 

(BCR) on naive B cells. When the BCRs are activated through 

pattern recognition receptors (PRRs), the alternative splicing of 

mRNA helps produce antibodies as secreted forms of IgM or 

IgD. With the assistance of dendritic cells and T helper cells, 

the activated B cells could further undergo clonal expansion, 

somatic hypermutation, and class switch and are differentiated 

into plasma cells to produce secreted IgG, IgA, or IgE antibod-

ies with high antigen specificity.  Once a target cell or pathogen 

is opsonized by an antibody, it may trigger different down-

stream immune functions, including phagocytosis, cellular cy-

totoxicity, vaccinal effect, complement activation etc. These 

immune cell-based responses required the binding of antibody 

Fc domain to specific Fc receptors on immune cells.  Each sub-

type or glycoform of antibody can be recognized by several Fc 

receptors rendering activating or inhibitory signaling to gener-

ate different effector functions. For example, the binding of IgG 

antibody to the FcIIIA receptor on NK cells will activate NK 

cells to release cytokines to kill target cells, a process called 

antibody-dependent cellular cytotoxicity (ADCC)1-3 and bind-

ing to the FcIIA receptor on macrophages will activate macro-

phage to kill the target cell through antibody-dependent cell-

mediated phagocytosis (ADCP). In addition, binding of anti-

body-antigen complex to the FcIIA receptor on dendritic cells 

can facilitate dendritic cell maturation to induce memory CD8 

T-cell response 4.  

  Glycosylation is a common post- or co-translational mod-

ification found on most cell surface proteins. During N-glyco-

protein synthesis, a high mannose glycan is first synthesized in 

the ER and then transferred to the growing polypeptide chain 

followed by chaperone-mediated protein folding and quality 

control to form glycoproteins. The high-mannose glycoproteins 

are trimmed by mannosidases and translocated to the Golgi ap-

paratus for addition of more monosaccharides sequentially by 

different glycosyltransferases before moving to the cell surface. 

Unlike protein and DNA, glycosylation is temple independent, 

and the sequence of glycans is determined by the repertoire of 

glycotransferases expressed in different cell types. Moreover, 

the cellular environment and protein accessibility also affect the 

activity and specificity of glycosyltransferases. Thus, the gly-

cans generated by glycosylation usually exhibit more diversity 

than other modifications5-7.  

  Antibodies of each subtype are also glycosylated at differ-

ent places within the constant region of heavy chain (HC) and 

these glycans regulate antibody functions1. The preBCR assem-

bly is important for B cell development and is critically regu-

lated by the -glycan at N46 on HC8. The N-glycan at N402 

on HC has been linked to antibody oligomerization and com-

plement activation9-10. Besides, IgG N-glycosylation at N297 on 

HC plays a critical role in complement activation and Fc re-

ceptor activation leading to various effector functions11-13. 
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Therefore, it is important to identify optimized glycosylation to 

improve the efficacy and safety of therapeutic antibodies. 

  Generally, the production of recombinant antibody is often 

based on  mammalian cell lines, such as NS0, 293T and CHO 

cells,  to produce a mixture of glycoforms with core-fucosylated 

bi-antennary complex type glycans14 which are not optimal for 

binding to the FcIIIA receptor, because of the inhibitory func-

tion of core-fucosylation11 or the off-target delivery caused by 

terminal galactosylation15. Therefore, efforts have been directed 

toward modification of the Fc-glycan on antibody to improve 

specific receptor binding and the corresponding effector func-

tion. One strategy used was to block the fucosylation pathway 

in cells. For example, using the cell line deficient in GDP-

fucose synthesis could produce antibodies without core-fuco-

sylation, leading to an increase in binding to FcIIIA receptor 

thereby enhancing the ADCC activity11, 16. The emergence of 

precise gene editing tools such as Zinc Finger Nuclease (ZFN) 

or Clustered Regularly Interspaced Short Palindromic Repeats 

(CRISPR)/ CRISPR-associated protein 9 (Cas9) has facilitated 

the progress of this strategy17 and studies on glycosylation path-

way engineering in cells to produce therapeutic proteins with 

improved efficacy have been reported18-19.  

  Another strategy to alter protein glycosylation is through 

in vitro glycoengineering by enzymes or chemical ligation. A 

common approach was endoglycosidase-mediated transglyco-

sylation7. Usually, the antibody with high mannose type glycan 

derived from insect cells20, yeast21 or GNT1 knockout (KO) 

cells was treated with endoglycosidase H or S2 to generate 

mono GlcNAc- or GlcNAc-Fuc bearing glycoforms. The anti-

body with either of these two glycoforms is a good acceptor 

substrate for mutated endoglycosidase (glycosynthase)-medi-

ated transglycosylation7 using a homogenous glycan oxazoline 

as donor substrate to generate a new glycan chain. So far, many 

glycans have been transferred to antibodies to study the func-

tional impact on receptor binding and effector functions. The 

fully galactosylated complex type glycan without core-fucose 

contributes significantly to improve antibody binding to the 

FcIIIA receptor compared to the wild-type antibody22-23. How-

ever, it also facilitates the antibody clearance by liver cells 

through asialoglycoprotein receptor binding. Further studies 

revealed that the 2-6 linked SCT provides enhanced binding 

to FcRIIIA and FcRIIA receptors which are associated ADCC, 

ADCP and vaccinal effect23-24. Although this strategy could pro-

duce antibodies as homogenous glycoforms, the process re-

quires multiple reaction and purification steps and the specific-

ity of mutant endoglycosidases is limited. In this report, we used 

humanized antibody chMC183-70 that targets specific stage 

embryonic antigen 4 (SSEA4) on various cancer cells as a 

model to produce and evaluate the Fc-SCT enriched antibody 

in Fc receptor binding and activation of cellular cytotoxicity. 

 

Result and Discussion 

  Development of Fc-GlcNAc antibody producing cells 

by CRISPR-Cas9. Antibodies are generally produced  from 

mammalian cell lines which contain core-fucosylated complex 

type glycans14.  To generate the Fc-GlcNAc antibody for in 

vitro transglycosylation, antibody glycans need to be trimmed 

by endoglycosidase and fucosidase to leave only the innermost 

GlcNAc as an acceptor7. We would like to shorten these steps 

by CRISPR-Cas9 to generate Fc-GlcNAc antibody with com-

mercially available GNT1 KO EXPI293F cells. The N-glycan 

expressed by this cell line was high mannose type which was 

preferentially cleaved by Endo H25 to generate Fc-GlcNAc an-

tibody. Thus, we aimed to knock in Endo H in this cell line by 

CRISPR-Cas9. However, after transfection of CRISPR-Cas9 

and donor plasmids, cells started to die with apoptosis and 

 

Figure 1. Illustration of CRISPR/Cas9 KO/KI strategies for gly-

cosylation pathway engineering. 

 

 

Figure 2. Expression of Endo H in GNT1-knock out cells results in cleavage of N-glycans on antibody. (A) The chMC18370 antibody 

expressed from engineered and its parental GNT1-KO EXPI293 cells were subjected to protein electrophoresis and the difference in 

molecular weight by band shifting was observed. (B) The chMC81370 antibody expressed by engineered and its parental GNT1-KO 

EXPI293 cells were subjected to IPM analysis to examine the molecular weight and glycan changes. (C) The chMC81370 antibody 

expressed by engineered GNT1-KO EXPI293 cells was subjected to transglycosylation assay and the efficiency of transglycosylation was 

assessed by protein electrophoresis. 
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resulted in reduced cell survival. Fortunately, the survival rate 

started to rise after several days and returned to normal level 

again (Fig. S1). We then wondered whether these surviving 

cells still expressed Endo H to cleave the mannose type N-gly-

cans on antibody. The antibodies expressed by the cells were 

analyzed by electrophoresis and the result showed that the anti-

body heavy chain (AbHC) expressed by these cells had faster 

mobility than AbHC from its parental cells (GNT1 KO) and 

most AbHCs were downshifted (Fig. 2A). This antibody was 

also subjected to transglycosylation assay and the efficiency 

was good (Fig. 2C). We then analyzed the glycans on this anti-

body by intact protein mass analysis, and the results showed that 

most antibodies contain only GlcNAc on each HC (Fig. 2B and 

Fig. S2). These results indicate that CRISPR-Cas9-mediated 

Endo H KI in GNT1 KO cells can serve as a platform to produce 

Fc-GlcNAc antibody for downstream application. 

In addition to Endo H, we also tried to express endoglyco-

sidase S2 (Endo S2) from Streptococcus pyogenes in the cells 

because this enzyme can hydrolyze both high mannose and 

complex type N-glycans to Fc-GlcNAc26. Therefore, the donor 

vector and CRISPR-Cas9 plasmids were delivered to GnT1 KO 

cells and the cell survival rate was monitored. Interestingly, we 

did not see any significant cell death in the GNT1-KO cells after 

plasmid transfection (Fig. S1). Then the antibody glycans gen-

erated by these cells were examined as previously described. 

The protein gel showed an obvious downshifted band of AbHC 

compared with its parental cells (GNT1 KO) (Fig. 3A). Besides, 

the glycans also can be added onto AbHC through enzymatic 

transglycosylation (Fig. 3C) and intact protein mass analysis 

showed a clear signal of Fc-GlcNAc antibody (Fig. 3B.). The 

glycoform analysis revealed a major Fc-GlcNAc antibody pop-

ulation as well (Fig. S2). Therefore, based on these results, it is 

concluded that endoglycosidase S2 can be introduced to cells 

by CRISPR-Cas9 to process the N-glycans to Fc-GlcNAc anti-

body for in vitro transglycosylation. In addition, this cell-based 

method can be used for other glycoproteins, such as influenza 

hemagglutinin and SARS-CoV-2 spike protein to generate the 

mono-GlcNAc decorated glycoforms as vaccines to elicit 

broadly protective immune responses27-28.  

   Glycosylation pathway engineering in cells to produce 

Fc-SCT enriched antibody by CRISPR-Cas9. The second 

approach to generate antibody with Fc-SCT glycoform was to 

directly edit the expression of glycosyltransferases in cells. As 

previously described, the antibody produced from commonly 

used cell lines usually contained bi-antennary complex type N-  

glycans with core-fucose and terminated mainly with galac-

tose14, 18-19, 29. Therefore, in order to produce the antibody with 

Fc-SCT, we decided to increase the level of galactosylation and 

sialylation on the antibody19, 29. In addition, the core-fucosyla-

tion, which depleted ADCC11, was eliminated by knocking out 

FUT830 (Fig. 1). Furthermore, the terminal sialylation with 2-

6 linkage, not the 2-3 linkage, was introduced as it was found 

to enhance receptor binding31 and improve ADCC and vaccinal 

effect23-24, 32. Although the mRNA of human 2-3 sialyltransfer-

ases could be detected in 293T and CHO cells18, 33, we did not 

observe any obvious sialylation on the antibody glycan from 

these cell lines18-19, 29 (Fig. 4, upper). Therefore, we were not 

concerned about the antibody being glycosylated by the inhibi-

tory 2-3 sialylation. We therefore used CRISPR-Cas9 to 

knock out hFUT8 and knock in hB4GalT1 and hST6Gal1 in 

293T cells (Fig. 1). The antibody expressed by this engineered 

cell line was purified and subjected to intact protein mass anal-

ysis of the antibody and the attached glycans. We observed a 

significant increase of galactosylated and sialylated antibody 

glycoforms (Fig. 4, lower) compared to the antibody generated 

by WT cells (Fig. 4, up). Glycoform analysis also revealed a 

significant increase in antibody galactosylation and sialylation, 

with lack of core-fucosylation (Fig. S3). 

The sialylation on antibody is 2-6 linkage. To confirm the 

sialylation on the antibody was mediated by hST6Gal1, the an-

tibody was treated with two different sialidases, Streptococcus 

pneumonia 2-3 neuraminidase and Clostridium perfringens 

neuraminidase overnight respectively. The intact protein analy-

sis did not show any obvious difference in the distribution of 

asialylated and sialylated antibody between the untreated and 

2-3 neuraminidase-treated group (Fig. 5 upper and middle), 

indicating that the sialylation on antibody was not due to the 

endogenous 2-3 sialyltransferases. On the other hand, using 

neuraminidase which could remove all linkages of sialylation 

largely eliminated the terminal sialic acids. In addition, the an-

tibody with increased galactosylation generated from cells with 

knock in of hB4GalT1 only, the terminal sialylation was still 

 

Figure 3. Expression of Endo S2 in GNT1-knock out cells results in cleavage of antibody N-glycans to GlcNAc. (A) The 

chMC18370 antibody glycoforms expressed by engineered and parental GNT1-KO EXPI293 cells were subjected to electrophoresis 

and a band shifting was observed. (B) The chMC81370 antibody expressed by engineered GNT1-KO EXPI293 cells was subjected to 

IPM analysis to examine the molecular weight and glycan changes. (C) The chMC81370 antibody expressed by engineered GNT1-KO 

EXPI293 cells was subjected to transglycosylation and the efficiency was evaluated by protein electrophoresis. 
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Figure 5. The sialylation on antibody is 2-6 linkage. The 

SCT enriched chMC81370 antibody was expressed by glycsyl-

ation pathway engineered cells. After incubation with indicated 

enzyme overnight, the antibody was purified by protein A and 

analyzed by intact protein mass analysis. 

not observed (Fig. S4). These results confirmed that sialylation 

on the antibody was introduced by hST6Gal1 and the increase 

of hB4Gal1 expression indeed elevated the galactosylation of 

antibody (Fig. 4). To further explore the capacity of sialylation 

or galactosylation in cells, we transiently overexpressed 

hST6Gal1 or hB4GalT1 in the engineered cells fol- 

lowed by antibody production to see if the galactosylated or si-

alylated antibody was increased. However, in intact protein 

mass analysis, we did not observe further elevation of any ga-

lactosylated or sialylated antibody after transient overexpres-

sion of hST6Gal1 or hB4GalT1 (Fig. S5). Another study was 

also attempted to increase the sialylation by elevating the gly-

cosyltransferase expression in CHO cells but it still showed in-

complete sialylated glycans29. The sialyltransferase hST6Gal1 

is known as the only human glycosyltransferase which mediates 

2-6 sialylation and preferentially use the 1-3 branch arm of 

the biantennary glycan as substrates34. The in vitro studies show 

glycoengineering on antibody glycans by hST6Gal1 takes a 

long time and difficult to yield fully sialylated antibody gly-

cans31, 34. Furthermore, this also could explain why only the an-

tibody with at least one fully galactosylated glycan was si-

alylated. If the galactose on G1 glycan was not on the 1-3 

branch arm, the hST6Gal1 may not sialylate it. Therefore, the 

expression level of glycosyltransferases may not be the bottle 

neck in this situation rather the substrate preference and enzyme 

activity are the major factors5-7. Using 2-6 sialylatranferases 

from other organisms may have better activity than hST6Gal1.35   

 

Protein glycosylation varies with expression time. In order to 

understand if the amount and time of antibody overexpression 

in cells affected glycosylation, we extended the culture time to 

5 days and then collected the medium at day 3 and day 5 to 

examine the antibody glycans by intact protein mass analysis. 

We unexpectedly found that the glycan pattern was somewhat 

different between these two time points (Fig. S6A). In the IPM 

analysis, a relatively strong sialylation was observed in the first 

collection (first three days) as we saw before (Fig. S6A, D0-3) 

and then sialylation was decreased in the second collection (last 

two days), accompanied by an increase of terminal gal- 

 
 

 

 

 

 

 

 

 

actosylation (Fig. S6A, D4-5), suggesting that the proteins in-

volved in glycosylation may not be sufficient to effectively pro-

duce Fc-SCT antibody at later stage. Because the hST6Gal1 and 

hB4GalT1 involved in the FC-SCT antibody production were 

almost artificially and constitutively expressed in the cells, we 

also examined if endogenous glycosyltransferases faced the 

same problem of reduced glycosylation. By expressing anti-

body in FUT8 KO cells, the antibody was almost terminally 

glycosylated with at least one or more galactoses in the first col-

lection (Fig. S6B, D0-3), but the proportion of galactosylated 

antibody decreased and even the antibody glycans without any 

galactoses became the dominant glycoforms in the last two days 

((Fig. S6B, D4-5). The result showed that short glycosylation 

after protein overexpression can be observed on endogenous 

glycosylation products as well. This finding promoted us to dis-

sect the impact of antibody production at different times on gly-

cosylation. We purified antibody every day after plasmid trans-

fection and analyzed the dynamic change of antibody glycans 

from multiple engineered cells. To our surprise, the antibody 

with full sialylation could be significantly detected by intact 

protein mass analysis at the first day, although it became unclear 

after that (Fig. 6). Overall, the most abundant sialylation level 

was observed at first day and then started to decrease day by 

day (Fig. 6 and S4A). Regarding galactosylation, the antibody 

glycans were capped by at least two galactoses (2~4 galactoses 

 

Figure 4. The glycoform composition of chMC81370 anti-

body. The N-glycans on antibody expressed by WT (upper) and 

glycosylation pathway engineered 293T cells (lower) were pu-

rified by protein A and analyzed by intact protein mass analysis. 
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in total) on the first day, but started to decline on the second day, 

as evidenced by the appearance of one galactose on antibody 

glycans (Fig. 6). These observations suggest that antibody gly-

cosylation was almost complete at the beginning of overexpres-

sion and gradually decreased over time. 

 

 

Fc-SCT enriched antibody showed better binding to 

the Fc receptors than WT antibody. As we can obtain Fc-

SCT enriched antibody from glycosylation pathway engineered 

cells, the next step was to compare the binding of the mixture 

of antibody glycoforms to Fc receptors with WT antibody3. 

FcIIA and FcIIB are usually expressed simultaneously by the 

antigen presenting cells, such as dendritic cells and macrophage, 

and these two receptors work together to modulate immune re-

sponse3. FcIIIA is critical for NK cells to mediate ADCC3. 

Therefore, the binding of antibody to these receptors was 

evaluated. We did not study the binding to FcIA here because 

the glycoforms of complex type N-glycans on antibody would 

not affect the binding23-24. We observed the binding of Fc-SCT 

enriched antibodies to FcRs was increased in three tested Fc re-

ceptors (Fig. 7). Among these receptors, the increased binding 

of FcIIA and FcIIIA was consistent with previous studies23-24 

(Fig. 7A and 7C). Interestingly, the WT antibody showed very 

weak binding to inhibitory receptor FcIIB. Although the 

 

Figure 6. Antibody expression and time-dependent changes 

of glycans on antibody. The chMC81370 antibody expressed in 

glycosylation pathway engineered cells was collected every day 

and purified by protein A for intact protein mass analysis. 

 

Figure 7. Improved receptor binding of SCT enriched antibody. The Fc receptor-coated plate (A, FcIIA; B, FcIIB; C, FcIIIA) 

was incubated with WT antibody (black) or SCT enriched antibody (red) at indicated concentrations. The binding of antibody was meas-

ured by anti-human IgG Fc antibody conjugated with HRP. The binding of SCT enriched antibody to tested receptors was greatly im-

proved compared with WT. 

 

Figure 8. Functional comparison of homogenous SCT and 

SCT enriched antibody. (A) The Fc-coated plate was 

incubated with homogeneous SCT antibody (blue) or SCT en-

riched antibody (red) at indicated concentration. The binding 

of antibody was measured by anti-human IgG Fc antibody con-

jugated with HRP. The binding of SCT enriched antibody and 

homogenous SCT antibody to FcIIIA was similar. (B) Indi-

cated antibody, target cells, and effector cells were co-incu-

bated for 6 hours followed by detection of luciferase activity. 

SCT enriched and homogenous antibody SCT showed similar 

effects on induction of ADCC reporter response and both elic-

ited higher response than WT antibody.  
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engineered N-glycans on AbHC improved binding to FcIIB, 

the improvement was less significant than binding to FcIIA 

(Fig. 7B). This observation was aligned with the fact that both 

FcIIB and 2-6 sialylation were the key factors in intravenous 

Ig (IVIg) treatment-mediated inflammatory suppression36-38. 

Although the increased binding to the two opposing functional 

receptors, FcIIA and FcIIB, which are typically expressed on 

the antigen-presenting cells (APCs) simultaneously, appears to 

be conflicting, the eventual immune response was determined 

by the expression level and signaling strength of  FcIIA and 

FcIIB on effector cells3. The Fc-SCT enriched antibody also 

exhibited stronger FcIIIA binding ability than the antibody 

produced from wild type cells (Fig. 7C). This enhancement was 

mainly contributed by removal of core-fucose11 and addition of 

galactoses23. 

Fc-SCT enriched antibody and homogenous Fc-SCT 

antibody are similar in functions. Since the binding of Fc-

SCT enriched antibody to FcIIIA was elevated, we compared 

the binding with the homogeneous Fc-SCT antibody. The result 

showed that Fc-SCT enriched antibody exhibited similar bind-

ing avidity to homogenous SCT antibody (Fig. 8A). Then we 

further evaluated if the Fc-SCT enriched antibody could evoke 

similar effect as homogeneous Fc-SCT antibody in ADCC re-

porter assay39. At the lowest antibody concentration used for in-

duction, WT antibody did not induce any obvious cell activation, 

but the homogenous Fc-SCT and Fc-SCT enriched antibodies 

can trigger cell activation and rapidly reached a maximum at 

next concentration (Fig. 8B). Even at the higher concentration, 

the WT antibody can reach a maximum induction, but the ac-

tivity was still much lower than that of homogenous Fc-SCT or 

Fc-SCT enriched antibody (Fig 8B). The overall response in-

duced by homogenous Fc-SCT and Fc-SCT enriched antibodies 

were also very similar in receptor binding assay (Fig 8B). Thus, 

we concluded that the Fc-SCT enriched antibody derived from 

glycsylation pathway engineered cells could improve antibody 

effector functions in a similar manner as homogenous Fc-SCT 

antibody did.  

 

In summary, we have simplified the process in different 

ways to generate functional Fc-SCT antibodies and evaluated 

the utility. First, we demonstrated that with endoglycosidase S2 

or H expressed in the glycosyltranferase KO cells, the glycoen-

gineered cells can produce antibodies with Fc-GlcNAc and the 

antibody made by this way can be used for in vitro enzymatic 

transglycosylation (Fig. 2-4). This strategy can be applied to en-

gineer other -glycsoylated proteins to produce GlcNAc-deco-

rated glycoproteins as well (Fig. 5). Second, we knocked out the 

core-fucosyltransferase and constitutively expressed the glyco-

sytransferases required for the enrichment of Fc-SCT glycan for 

cell-based production of glycoproteins. The Fc-SCT enriched 

antibodies generated by these cells (Fig. 6) exhibited similar 

FcR binding profiles to homogeneous Fc-SCT antibody and 

was able to activate similar effector functions such as ADCC 

through binding to FcIIIA (Fig. 9). Thus, the cell-based pro-

duction of Fc-GlcNAc and Fc-SCT enriched antibodies may 

have the potential advantage of simplifying the production of 

therapeutic antibodies with improved effector functions, espe-

cially ADCC, ADCP and vaccinal effect. Work in progress to 

evaluate the comparative activities of Fc-SCT enriched anti-

body glycoforms and homogeneous antibody in animals 
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Supplementary Information 
 
Methods and Material 
Cell Culture 
HEK 293T cells (ATCC) were cultured in the DMEM (Thermo Fisher) supplied with 10% FBS (Thermo Fisher) at 37oC 
with 5% CO2 in the cell incubator. EXPI293F and EXPI293F GNT1 KO cells (Thermo Fisher) were cultured in the 
EXPI293 expression medium (Thermo Fisher) at 37oC with 8% CO2 in the cell incubator. 
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Plasmid 
The plasmids for CRISPR/Cas9 expression were constructed as kit manual (Thermo Fisher). Briefly, the validated 
sgRNA sequence targeting glycosyltransferase1 was synthesized (Integrated DNA Technologies) and cloned into the 
vector for Cas9 and sgRNA expression. The synthetic codon-optimized gene insert (Integrated DNA Technologies), 
flanked by homologous arm of target gene at sgRNA target site, was cloned into empty vector as the donor plasmid. 
 
Transfection 
Transfection of 293T cells and EXPI293F cells were mediated by TransIT-293 (Mirus Bio) or expi293fectamine (Thermo 
Fisher) following the reagent manual. 
 
Antibody production 
The plasmids for antibody chMC81370 were transfected into cells followed by incubation. At the time of harvest, the 
culture medium was collected and then subjected to protein A sepharose beads (GE HealthCare) column to purify the 
antibody. 
 
Protein gel analysis 
The protein was heated at 95 oC for 5 mins in the LDS sample buffer supplied with 2-Mercaptoethanol and then subjected 
to gel electrophoresis with 12% SDS-PAGE. The protein on gel was stained by coomassie blue buffer (ApexBio). 
 
Enzymatic transglycosylation assay 
The antibody was incubated with SCT glycan-oxazoline and Endo S2 mutant in Tris buffer at 37 oC for the time indicated2 
before harvest for purification or gel electrophoresis.  
 
Intact protein mass analysis 
The samples were diluted with LCMS grade water at a concentration between 5-10uM and analyzed by 6230 TOF LC/MS 
with a Dual AJS ESI ion source (Agilent Technologies) with PLRP-S 1000Å  5µm column (Agilent Technologies). Solvent 
A was 0.1% Formic Acid in H2O and Solvent B was 0.1% Formic Acid in ACN. 
 
Glycosidase treatment 
The proteins were incubated with alpha-2-3 neuraminidase, neuraminidase, or PNGase F (New England Biolabs) in the 
supplied buffer at 37 oC overnight followed by purification or gel electrophoresis. 
 
ELISA binding assay 
The recombinant soluble FcγRIIIA (R&D) was coated with 50 ng/well in bicarbonate/carbonate coating buffer (50 mM, 
pH. 10) at 4°C overnight before blocking the well by 5% BSA in TPBS (0.05% Tween 20 in PBS) at 4°C overnight. The 
antibody was added into wells with final concentration started at 100 μg/ml with 5x series dilution and incubated at room 
temperature for 1 hour followed by incubation with HRP-conjugated goat anti-human IgG antibody (Jackson Immu-
noResearch) for another 1 hour at room temperature. Finally, the TMB substrate (Bethyl Laboratories) was added to react 
with HRP at RT prior to stopping the reaction by H2SO4. The absorbance at 450 nm was detected by SpectraMax M5 
spectrum reader (Molecular Device). The wells were washed by TPBS 3-5 times between each step. 
 
ADCC reporter assay 
ADCC reporter assay (Promega) was performed as kit manual. Briefly, the SSEA4 expressing target cells SK-OV33 was 
seeded into 96-well plate followed by addition of antibody with final concentration started at 1 g/ml with 5x series dilution. 
Then the FcγRIIIA expressing effector cells (effector: target cell ratio, 6:1) was added and incubated with target cells in 
the incubator at 37 °C for 6 hrs. The plate was placed at room temperature for 15 min prior to adding the luciferase 
substrate. After 5 min incubation, the luminescence was measured by SpectraMax M5 spectrum reader. The induction 
fold was calculated by RLU (induced–background) /RLU (no antibody control–background). 
 
Glycoform analysis 
The FASP (filter-aided sample preparation) method4 was used for in-solution protease digestion. Briefly, 5 μg of protein 
samples were loaded onto filter units (Microcon YM-30) and mixed with 100 μl of 8 M urea in 0.1 M Tris-HCl pH 8.5 (UB) 
each for protein denaturation. The filter units were centrifugated with 14,000 x g for ~30 min until the solution was removed, 
followed by the addition of 100 μl of 25 mM DTT in UB each for protein reduction, and incubated at room temperature for 
10 min. After centrifugation with 14,000 x g for ~30 min to remove the DTT solution, 100 μl of 50 mM iodoacetamide in 
UB was added to each sample for alkylation, and the filter units were incubated in the dark for 10 min, followed by 
centrifugation to remove iodoacetamide solution. To each filter unit, 100 μl of UB was added again. After another centrif-
ugation to remove the solution, 100 μl of 50 mM ammonium bicarbonate in water (ABC) was added to change the buffer 
system to ABC for in-solution protease digestion. After centrifugation to remove the solution, 40 μl of ABC with 0.1 μg 
Trypsin/Lys-C Mix (Promega, sequencing grade) was added to each sample and incubated in a wet chamber at 37oC 
overnight. The digested peptides in samples were spun to collection tubes, and an additional rinse with 40 μl ABC for 
each sample was performed. The filter units were centrifuged at 14,000 x g for 10 min to collect the flow-through, which 
contains digested peptides. Samples were acidified with FA to a final concentration of 0.1%. The peptide samples were 
dried in a SpeedVac evaporator, and stored at -20oC until analysis with LC-MS/MS. 
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Samples were analyzed using the LC-ESI-MS method on an Orbitrap Fusion mass spectrometer (Thermo Fisher 
Scientific, San Jose, CA) equipped with an EASY-nLC 1200 system (Thermo, San Jose, CA, US) and an EASY-spray 
source (Thermo, San Jose, CA, US). A 5 μl digestion solution was injected at a flow rate of 1 μl/min onto an easy column 
(C18, 0.075 mm x 150 mm, ID 3 μm; Thermo Scientific). Chromatographic separation utilized 0.1% formic acid in water 
as mobile phase A and 0.1% formic acid in 80% acetonitrile as mobile phase B, operated at a flow rate of 300 nl/min. The 
gradient employed was from 5% buffer B at 2 min to 60% buffer B at 55 min. For full-scan MS, the conditions included a 
mass range of m/z 375-1800 (AGC target 5E5) with a lock mass, resolution set at 60,000 at m/z 200, and a maximum 
injection time of 50 ms. MS/MS was conducted in top speed mode with 3 s cycles using both CID and HCD, with a 
dynamic exclusion duration of 60 s and a 10 ppm tolerance around the selected precursor and its isotopes. The elec-
trospray voltage was maintained at 1.8 kV, and the capillary temperature was set to 275°C. 
  Byonic software version 4.2.10 (Protein Metric) was used for the identification of summary formulas of glycans as-
sociated with glycopeptides. The glycan database contained 132 entries, and the parameters used were: precursor mass 
tolerance of 10 ppm, fragment mass tolerance of 0.5 Da, maximum missed cleavages set to 5, and cysteine carbami-
domethylation and methionine oxidation considered." 
 
 
 
 
 

 
Figure S1. The survival curve of the GNT1-KO EXPI293F cells after CRISPR/Cas9 and Endo H (left) or Endo S2 (right) 
donor plasmid cotransfection. 
 
 
 

 
Figure S2. The glycoform analysis of chMC81370 antibody expressed by GNT1 KO and engineered GNT1 KO 
EXPI293 cells. 
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Figure S3. The glycoform analysis of chMC81370 antibody expressed by WT or engineered 293T cells. 
 
 
 

 
 
Figure S4. The IPM analysis of chMC81370 antibody expressed by FUT 8KO/B4GalT1 KI 293T cells 
 
 

 
 
 
Figure S5. The IPM analysis of chMC81370 antibody expressed by untreated, hB4Gal1 transiently overexpressed, and 
hST6GalT1 transiently overexpressed, engineered 293T cells. 
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A                                                                                        B 
 

 
 
Figure S6. The IPM analysis of chMC81370 antibody expressed by multiple engineered (A) and FUT8 KO (B) cells at 
different collection time point. 
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