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Recombinant equine luteinizing hormone/chorionic gonado-
tropin (eLH/CG) was expressed in Mimic™   insect cells, that
are commercial stably transformed Spodoptera frugiperda
(Sf9) cells expressing five mammalian genes encoding glyco-
syltransferases involved in the synthesis of complex-type
monosialylated N-glycans. We previously showed that it
exhibited no in vivo bioactivity although expressing full
in vitro bioactivity, and it was suspected that this was because
of insufficient sialylation of eLH/CG N-glycans. Lectin bind-
ing analyses were performed with recombinant dimeric eLH/
CG or its alpha subunit, secreted in the serum-containing
supernatant of infected Sf9 and Mimic™   cells. Two types of
specific lectin affinity assays (blot analyses and enzyme-
linked immunosorbent assay) were used to compare the ability
or inability of natural and recombinant gonadotropins to bind
to various lectins. In natural equine chorionic gonadotropin
(eCG), complex-type N-glycans terminating with both
Sia�2,3Gal (based on Maackia amurensis agglutinin [MAA]
binding) and Sia�2,6Gal (based on Sambucus nigra aggluti-
nin [SNA] binding) were found, but in the alpha subunit
dissociated from natural eCG, we only detected Sia�2–6Gal.
In eLH/CG and its alpha subunit produced by Sf9 cells,
N-glycans were found to be terminated by mannosyl residues
(based on Galanthus nivalis agglutinin [GNA] binding),
whereas those produced in Mimic™   cells were terminated by
galactoses (based on binding to Ricinus communis agglutinin I
[RCA I] , but not to SNA or MAA). This is in agreement with
the fact that the nucleotide donor substrate of sialic acid is not
naturally synthesized in insect cells. On the basis of binding to
Arachis Hypogaea agglutinin [PNA], O-glycans exhibited the
Gal�1–3GalNAc structure in recombinant-free alpha and eLH/
CG from both Sf9 and Mimic™   cell lines. Both N- and
O-linked carbohydrate side chains synthesized in Mimic™   cells
should thus be amenable to further acellular sialylation.
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Introduction

The glycosylation of circulating proteins in mammals plays
a pivotal role in their maintenance in blood. In the case of
glycoprotein hormones such as equine chorionic gonado-
tropin (eCG), removal of the terminal sialic acid residues
from its carbohydrate chains has been known for a long
time to dramatically diminish its in vivo activity (Morell
et al., 1971), because its half-life is reduced from 6 days to
∼ 1–2 hours (Martinuk et al., 1991). Glycoprotein hormones
including luteinizing hormone (LH), follicle-stimulating
hormone (FSH), chorionic gonadotropin (CG), and thyroid-
stimulating hormone (TSH) are composed of a common
alpha subunit, that is noncovalently bound to a specific
beta subunit (Pierce and Parsons, 1981; Combarnous,
1992). As eCG and eLH alpha and beta subunits are
encoded by the same α and β genes expressed in placenta
and pituitary respectively, the corresponding recombinant
hormone has been denominated by eLH/CG.

Natural pituitary eLH and placental eCG subunits
exhibit identical polypeptide structures and bear carbohy-
drate side chains at identical positions (Bousfield and Butnev,
2001), but these carbohydrate chains exhibit differences in
their structures. Equine LH alpha subunit is composed of
two N-linked carbohydrate chains terminating with sul-
phated N-acetylgalactosamines (SO4-4-GalNAc), whereas
eCG alpha subunit carries two biantennary N-linked car-
bohydrate chains terminated with α2,6-linked sialic acids
(Damm et al., 1990), possibly extended with lactosamine
repeats (Bousfield et al. 2004, Gotschall and Bousfield,
1996). Equine LH and CG β-subunits are composed of 149
residues (Sugino et al., 1987) with a single N-carbohydrate
chain located at Asn 13 terminating with sulfated GalNAc
in eLH beta subunit and sialylated α2,3Gal in eCG beta
subunit (Smith et al., 1993; Matsui et al., 1994). Both beta
subunits possess twelve O-glycans extended with sialylated
(α2,3) poly(N-acetyllactosamine) and located on serine and
threonine of the C-terminal extension called carboxy termi-
nal peptide (CTP; 122–149) (Bousfield and Butnev, 2001,
Hokke et al., 1994). As they have identical polypeptide
structures, the differences in carbohydrate structures
between eLH and eCG are responsible for their differences
in biological properties: equine CG exhibit much longer
half-life in circulation but weaker affinity towards LH and
FSH receptors than pituitary eLH, but the two of them
exhibited high in vivo potencies.

In contrast, eLH/CG expressed in Spodoptera frugiperda
(Sf9) cells or Mimic™   cells were both found to be devoid of
in vivo activity in spite of their full in vitro potency (Legardinier
et al. 2005). It was thus important to further study the carbo-
hydrate structure of eLH/CG expressed in Sf9 cells and
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Mimic™   cells to design further modifications needed to con-
vey in vivo biopotency to the recombinant hormone.

The baculovirus–insect cell system is very efficient in the
production of proteins (Miller, 1988; Luckow and Summers,
1989) and glycoproteins (Altmann et al., 1999; Matsuura
et al., 1987; Farrell et al., 1998). Insect cells generally pro-
duce glycoproteins with mannose-rich carbohydrate side
chains whereas mammalian cells produce complex-type
carbohydrates. To cope with the inability of insect cells to
produce sialylated glycoproteins (Jarvis, 2003; Marchal,
et al., 2001; Tomiya et al., 2003, 2004), baculoviruses or
insect cells were genetically engineered to stably express
lacking mammalian  glycosyltransferases genes (Aumiller
et al., 2003; Chang et al., 2003; Hollister, et al., 2003, 2002;
Hollister and Jarvis, 2001).

Commercial Mimic™  cells, referenced as SfSWT-1 cells
(Hollister et al., 2002), are Sf9 cells stably transformed with
mammalian genes encoding N-acetylglucosaminyltrans-
ferase-I (GlcNAcT-I), N-acetylglucosaminyltransferase-II
(GlcNAcT-II), β1–4 galactosyltransferase (β4GalT), α2–3
sialyltransferase (ST3), and α2–6 sialyltransferase (ST6)
and were reported to produce mammalian-like N-glycans
up to the terminal α2–6 linked sialic acid residues in serum-
containing medium (Hollister et al., 2003, 2002). Previous
studies strongly suggest that sialic acid comes from serum
(Hollister et al., 2003) because Mimic™   cells in serum-free
medium are unable to sialylate glycoproteins (Aumiller et al.,
2003). Moreover, Mimic™  cells like their parental Sf9 cell
line are unable to generate the nucleotide monophospho-
sialic acid (CMP-SA) sugar donor (Jarvis, 2003; Lawrence
et al., 2001; Tomiya et al., 2003).

These insect cells have thus been used in our laboratory
to attempt the production of recombinant eLH/CG with
complex mammalian-like carbohydrates (Legardinier
et al., 2005). To our knowledge, it was the first report of
the production of a glycoprotein in the commercially
available Mimic™  cell line (Invitrogen, Cergy Pontoise,
France). In this article, lectin binding analyses were per-
formed with recombinant dimeric eLH/CG or its alpha
subunit, secreted in the serum-containing supernatant of
infected Sf9 and Mimic™  cells. Two types of specific lectin
affinity assays (blot analyses and enzyme-linked immun-
osorbent assay [ELISA]) were used to compare the ability
or inability of natural and recombinant gonadotropins to
bind to various lectins. The results are consistent with the
conclusion that mammalian-like complex-type N-glycans
with terminal galactoses are indeed synthesized on eLH/
CG and alpha subunit in Mimic™  cells without any detect-
able terminal sialic acid residue. In addition, short nonsia-
lylated O-glycans with the Galβ1–3GalNAc structure
were also found in recombinant eLH/CG and free α-sub-
unit produced in Sf9 and Mimic™   cell lines. Little is
known about O-glycosidic glycosylation of proteins in
insect cells. The presence of N-acetylgalactosaminyl O-
glycans on glycoproteins isolated from insect cells has
been reported using GalNAc-specific lectins or radiola-
belled monosaccharides (Butters et al., 1981) and also very
low amounts of Galβ1–3GalNAc structures (Lopez et al.,
1999; Thomsen et al., 1990).

The absence of sialic acid residues explains the lack of
in vivo bioactivity of the hormone despite its full in vitro

activity (Legardinier et al., 2005). Nevertheless, the presence
of a terminal Gal residues makes it a potential good sub-
strate for further in vitro sialylation in an acellular system
(Legaigneur et al., 2001).

Results

Expression of alpha-His6 and beta-His6 subunits in the 
supernatant of infected Sf9 and Mimic™   cells

To express free alpha-His6 and beta-His6 subunits in the
baculovirus insect cell system, we seeded Sf9 or Mimic™    cells
in 25-cm2 flasks and infected them with recombinant bacu-
loviruses SLP10-αHis6 (P10) and SLP10-βHis6 (P10),
respectively (See His6 vector in Figure 1). After five days
incubation at 28°C, supernatants containing serum from
infected cells were collected and analysed by western
blotting using specific antibodies.

Natural and recombinant alpha subunits were detected
using the anti-α monoclonal antibody (mAb) 89A2 under
nonreducing conditions. Protein doublets were detected at
∼ 22 kDa (Figure 2A, lanes 3–4) and 26 kDa (Figure 2A,
lanes 5–6) for recombinant alpha-His6 subunit secreted in
the serum-containing supernatant of infected Sf9 and
Mimic™  cells, respectively. The alpha-His6 subunit from
Mimic™   cells exhibited the same apparent molecular weight
(MW) as that of alpha subunit coming from heat dissoci-
ated natural eCG (Figure 2A, lane 1), when the cells were
used before 30 passages (Figure 2A, lanes 5–7) and lower
apparent MW after 90 passages (Figure 2A, lane 8) suggest-
ing that repeated subculturing of Mimic™   cells is not rec-
ommended.

Natural and recombinant beta subunits were detected
using the rabbit β1–9 Ab under reducing conditions.
Recombinant beta-His6 subunits appeared as doublet
protein at 26 kDa in the serum-containing supernatant of

Fig. 1. The p119 baculovirus transfer vector harbouring P10 promoter was 
modified by introducing prehybridized A , B, C, D oligonucleotides in the 
HindIII cloning site. ABCD encode the factor Xa recognition site IEGR 
followed with a polyhistidine “tag” composed of six Histidine residues 
(His6) and a stop codon. Only the HindIII restriction site upstream from 
this new cassette was regenerated to clone inserts.

A                  C
A/AG CT TATCGAAGGCAGGCAC/CATC ATCACCACCATTAAC/AGCT T
T TC GA/ATAGCTTCCGTCCGTG GTAG/TAGTGGTGGTAATTG TCGA/A

B                   D

Bgl II  Hind III

P10 � poly Ap119

Hind IIIBgl II

P10 �

Factor Xa His 6

Modified transfer vector p119-His6 poly A

K  L I E G R H H H H H H    Stop
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infected Sf9 cells (Figure 2B, lanes 3–4) and as 26 and 28
kDa proteins for beta-His6 subunit secreted by Mimic™    cells,
at <30 passages (Figure 2B, lanes 5–6). The beta subunit
from heat dissociated natural eCG exhibited an apparent
MW between 45 and 66 kDa (Figure 2B, lane 1) resulting of
the heterogeneity of its O-glycosylated C-terminal end
(Butnev et al., 1996; Legardinier et al., 2005).

We previously showed that untagged alpha and beta sub-
units exhibited a similar profile in western blot using the
same antibodies (Legardinier et al., 2005). The presence of
the His6 tag at the C-terminus did not prevent His-tagged
subunits from immunological recognition.

Time course of production of eLH/CG produced in Sf9 
and Mimic™   cells

Mimic™   cells and Sf9 cells were coinfected with previously
described NPV-α (PH) and SLP10-β (P10) recombinant
baculoviruses (Legardinier et al. 2005).

Supernatants were collected daily from day 1 to day 7
post infection (pi) to determine by sandwich ELISA (four
experiments) the production of secreted eLH/CG (Figure 3).
The production of eLH/CG in Sf9 cells was almost
maximal at day 2 postinfection (pi) with a production of
4.15 (0.49 µg.ml–1 reaching a steady-state which lasted
until day 7. Time course of production of eLH/CG
expressed in Mimic™   cells was different with a progressive
increase from day 1 to day 5 pi until a maximal production
of 5.33 ± 1.32 µg.ml–1 at day 5 pi. As previously shown for
glutathione s-transferase (GST) ManI (Aumiller et al., 2003),
the expression of eLH/CG in Mimic™   cells was found to be
delayed compared to Sf9 cells

Nickel affinity purification of recombinant alpha-His6 
and beta-His6 subunits

About 100 ml of culture media from infected Sf9 or
Mimic™  cells containing ∼ 0.5 mg of recombinant alpha-
His6 or beta-His6 subunits were loaded onto nickel-nitrilo-
triacetic acid (Ni-NTA) agarose and eluted with 500 mM
imidazole. All eluted fractions were run on 14% SDS–
PAGE and either silver-stained (Figure 4, left panels) or
immunoblotted after transfer onto a nitrocellulose
membrane (Figure 4, right panels).

The 22 kDa (Figure 4A) and 26 kDa (Figure 4C) proteins
correspond to alpha-His6 proteins from Sf9 and Mimic™    cells
as shown by western blot (Figure 4B and D) using α mAb
89A2 under nonreducing conditions.

The presence of a broad range of proteins between 20
and 50 kDa in E1 and E2 eluted fractions (Figure 4E) and
in E1 to E4 (Figure 4G) corresponds to different glyco-
forms of beta-His6 proteins from Sf9 and Mimic™  cells
infected with SLP10-βHis6 (P10) as first controlled by western
blotting using heterodimeric eCG Ab under nonreducing

Fig. 2. 14% SDS–PAGE and immunodetection of recombinant alpha-
His6 and beta-His6 from infected Spodoptera frugiperda (Sf9) and Mimic™    
cells. The recombinant alpha-His6 and beta-His6 proteins were produced 
in the serum-containing supernatant of Sf9 and Mimic™   cells infected 
with SLP10-αHis6 (P10) or SLP10-βHis6 (P10) baculoviruses. Nonreduc-
ing (A) or reducing samples (B) (20 and 40 µl, 100–400 ng) from superna-
tants of both cell lines were run on 14% SDS–PAGE and transferred on a 
nitrocellulose membrane to realize the immunodetection with α mAb 
89A2 (A) or β1–9 Ab (B). The antigen–antibody complexes were recog-
nized by peroxidase-conjugated goat anti-mouse (A) or anti-rabbit (B) IgG 
and revealed with a chemiluminescent substrate (Materials and Methods). 
Molecular weight markers (MW) are indicated in kDa; lane 1, heated 
eCG; lane 2, supernatant from wild-type baculovirus infected Sf9 cells; 
lanes 3–4, supernatant with 5% serum from SLP10-αHis6 (P10) (A) or 
SLP10-βHis6 (P10) (B) infected Sf9 cells; lanes 5–6, supernatant with 10% 
serum from SLP10-αHis6 (P10) (A) or SLP10-beta-His6 (P10) (B) infected 
Mimic™    cells. Recombinant alpha-His6 subunit was produced in 
Mimic™    cells before 30 passages (A, lane 7) and after 90 passages 
(A, lane 8).
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Fig. 3. Time course of production of equine luteinizing hormone /chori-
onic gonadotropin (eLH/CG) produced in Spodoptera frugiperda (Sf9)
 cells (�) and in Mimic™    cells (�). Dimeric eLH/CG was produced in the 
supernatant of coinfected cells with NPV-α(Pe) and SLP10-β (P10) as 
previously described (Legardinier, et al., 2005). The concentrations were 
estimated in a dimer-specific sandwich ELISA using standard eCG as 
reference. Values ±SEM from four experiments are represented.
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conditions (Cahoreau and Combarnous, 1987) (data not
shown). To confirm the presence of purified beta-His6 sub-
unit in eluted fractions from Ni-NTA purification, we used
specific rabbit β1–9 Ab (Figure 4F and H) under reducing
conditions.

Silver staining gels (left panels) show the presence of high
MW (66–100 kDa) proteins not recognized by antibodies in

all fractions of purified subunits (Figure 4, left panels, lanes
E1–E4).

N-terminal sequences of purified alpha-His6 and beta-His6 
subunits

The FPDGEFTTQD sequence was found for the 22 kDa
positive band of purified alpha-His6 subunit expressed in

Fig. 4. Detection of the purified recombinant alpha-His6 and beta-His6 subunits from the serum-containing supernatant of infected Spodoptera frugiperda 
(Sf9) and Mimic™   cells. The recombinant alpha-His6 (A, B, C, and D) and beta-His6 (E, F, G, and H) glycoproteins from supernatants of infected Sf9 
(A, B, E, and F) and Mimic™    cells (C, D, G, and H) were purified on a nickel affinity column (nickel-nitrilotriacetic acid [Ni-NTA]). Eluted fractions were 
run on 14% SDS–PAGE under nonreducing (A, B, C, D, E, and G) or reducing conditions (F and H) and either stained with silver salts (left panels) or 
transferred on nitrocellulose membrane to realize the immunodetection with α mAb 89A2 (B and D) or β1–9 Ab (F and H). The antigen–antibody com-
plexes were visualized using peroxidase-conjugated goat anti-mouse or anti-rabbit IgG and ECL chemiluminescent substrate (Materials and Methods). 
Lane M, molecular weight markers (MW) are indicated in kDa. Arrows indicate the location of purified alpha-His6 and beta-His6 subunits. Lane DS 
(C and D) represents desalted sample before loading on the Ni-NTA column to show all the proteins present in the supernatant of infected cells.
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Sf9 cells, and the SRGPLR was found for the 26 kDa posi-
tive band of purified LH/CG beta-His6 subunit expressed
in Sf9 cells. These sequences correspond to the full cDNA
sequences of equine alpha and LH or CG beta subunits
respectively.

Lectin enzyme-linked immunosorbent assay

The carbohydrate binding specificities of the different lec-
tins used are indicated in Table  I. Recombinant heterodimeric
hormones (eLH/CG±CTP) and free alpha subunits (His6-
tagged or not) were produced in Sf9 and Mimic™  cells as
previously described (Legardinier et al., 2005) and were
compared in the same assays to their natural counterparts
eCG and alpha subunit for their ability to bind to different
plant lectins (Table  II, Figure 5). Microtitration plates were
coated with the highly specific mAb directed against
eCG alpha subunit (α mAb 89A2) to catch natural
and recombinant dimeric hormones and alpha subunits
secreted in the serum-containing supernatant from

infected Sf9 or Mimic™  cells. Tris buffer saline-Tween
(TBS-T) and the supernatant from Sf9 cells infected with
wild-type baculovirus Autographa californica multiple
nuclear polyhedrosis virus(AcMNPV) were used as nega-
tive controls.

The location and the structures of carbohydrate side
chains of natural eCG, its subunits, and recombinant coun-
terparts produced in Sf9 and Mimic™   cells are detailed in
Figure 6.

Dose-dependent response. A significant increase of the
absorbance at 450 nm reveals that the tested lectin binds to
specific saccharidic residues of carbohydrates of the glyco-
protein caught by antibody or Ni-NTA. This recognition
was dose-dependent as shown in Figure 7 with the lectin
Galanthus nivalis agglutinin (GNA) that specifically bound
to ending mannose residues of alpha-His6 subunit pro-
duced in Sf9 cells and not to alpha-His6 produced in
Mimic™   cells.

Table I. Major N- and O-linked carbohydrate binding specificities of the different plant lectins used

The scientific name of each lectin and the type of recognized glycan (N- or O-) are given in parenthesis. References are indicated for each lectin used.

Lectins Major specificity References

Con A (Canavalia ensiformis) α-linked Man (N-glycans) (Baenziger and Fiete, 1979)

DSA (Datura stramonium) Gal β1-4(GlcNAc)2 (N-glycans) (Crowley et al., 1984)

GNA (Galanthus nivalis) Man α-linked Man (N-glycans) (Shibuya et al., 1988)

MAA (Maackia amurensis) Siaα2-3 Gal (N- or O-glycans) (Wang and Cummings, 1988)

PNA (Arachis hypogaea) Galβ 1-3GalNAc (O-glycans) (Goldstein and Hayes, 1978)

RCA I (Ricinus communis) Galβ 1-4GlcNAc (N or O-glycans) (Green et al. 1987)

SNA (Sambucus nigra) Siaα2-6Gal (N or O-glycans) (Shibuya et al. 1987)

Table II. Lectin enzyme-linked immunosorbent assay for natural equine chorionic gonadotropin, its purified alpha subunit and their recombinant coun-
terparts produced in the supernatant of infected Spodoptera frugiperda (Sf9) and Mimic™   cells

The microtitration plates were coated with α mAb 89A2 and incubated with 200 ng of glycoproteins for 1 h before the addition of different digoxigenin or 
biotin-labelled lectins at indicated concentrations. The plates were revealed by peroxidase-labelled antidigoxigenin or NeutrAvidin™   at 450 nm. Binding 
data are expressed as means ±SEM of absorbance values from duplicate measurements (n = 3), and each value is compared to the corresponding wild-type 
baculovirus control. ANOVA test, Newman–Keuls, P value: *P < 0.05; **P < 0.01; ***P <0.001.

Lectin GNA RCA I MAA SNA PNA

Specificity Man Galβ1–4GlcNAc Sia α2–3 Gal Sia α2–6 Gal Gal β1–3GalNAc

Concentration (µg ml–1) 0.20 0.20 2.00 0.20 0.40

Control buffer (TBS-T) 0.045 ± 0.001 0.102 ± 0.008 0.048 ± 0.001 0.136 ± 0.001 0.077 ± 0.008

Wild-type (wt) baculovirus 0.049 ± 0.002 0.122 ± 0.005 0.050 ± 0.002 0.137 ± 0.007 0.098 ± 0.005

Natural eCG alpha 0.049 ± 0.001 0.388 ± 0.027** 0.058 ± 0.002 0.339 ± 0.018*** 0.053 ± 0.005

Alpha Sf9 0.226 ± 0.006*** 0.101 ± 0.001 0.048 ± 0.001 0.149 ± 0.003 0.629 ± 0.039***

Alpha-His6 Sf9 0.195 ± 0.039*** 0.147 ± 0.007 0.054 ± 0.003 0.143 ± 0.005 0.585 ± 0.049***

Alpha Mimic™   0.055 ± 0.001 0.658 ± 0.104*** 0.047 ± 0.001 0.172 ± 0.007 0.658 ± 0.051***

Alpha-His6 Mimic™   0.053 ± 0.002 1.448 ± 0.104*** 0.053 ± 0.003 0.171 ± 0.012 0.702 ± 0.051***

Natural eCG 0.049 ± 0.001 0.179 ± 0.083 0.210 ± 0.009*** 0.259 ± 0.009*** 0.064 ± 0.009

eLH/CG Sf9 0.130 ± 0.004* 0.332 ± 0.027 0.055 ± 0.002 0.149 ± 0.005 0.873 ± 0.063***

eLH/CG Mimic™   0.061 ± 0.002 1.564 ± 0.073*** 0.060 ± 0.003 0.160 ± 0.008 0.798 ± 0.056***

eLH/CG�CTP Sf9 0.122 ± 0.009* 0.240 ± 0.04 0.060 ± 0.002 0.155 ± 0.005 0.311 ± 0.025***

eLH/CG�CTP Mimic™   0.058 ± 0.001 1.535 ± 0.090*** 0.059 ± 0.002 0.169 ± 0.009 0.271 ± 0.018**

D
ow

nloaded from
 https://academ

ic.oup.com
/glycob/article/15/8/776/637697 by guest on 09 April 2024



Mammalian-like N-glycosylation in insect cells

781

Binding to mannoses. As shown in Table II and Figure 5,
recombinant-free alpha subunits (alpha and alpha-His6)
and dimeric hormones (eLH/CG±CTP) produced in Sf9
cells specifically interacted with GNA that is known to bind
to terminal mannoses of N-glycans (Shibuya et al., 1988).
On the contrary, the recombinant counterparts produced in
Mimic™   cells and natural eCG and alpha subunit did not
bind to GNA, suggesting a complex-type N-glycosylation.

Binding to galactoses. The highest absorbance variation
was observed with the galactose-binding lectin ricinus
communis agglutinin I (RCA I) (Green et al., 1987). Recom-
binant-free alpha (alpha and alpha-His6) and dimeric hor-
mones (eLH/CG±CTP) produced in Mimic™  cells are very

strongly recognized by RCA I, contrary to the counterparts
expressed in Sf9 cells, whose absorbance was more than
five-fold less (close to the base line). Although natural com-
plete eCG was not reactive with RCA I, its dissociated
alpha subunit bound very weakly.

Binding to sialic acids. The combination of the two lectins
Maackia amurensis agglutinin (MAA; Wang and Cum-
mings, 1988) and Sambucus nigra agglutinin (SNA; Shibuya
et al., 1987) enables to distinguish the type of sialic acid
linkage on sialylated N- and/or O-linked carbohydrate side
chains. Whatever the lectin used, MAA or SNA, recombi-
nant glycoproteins produced in Sf9 and Mimic™   cells gave
no significant increase of the absorbance, indicating an
absence of interaction. On the contrary, natural eCG
reacted with both MAA and SNA, whereas its dissociated
alpha subunit only bound to MAA.

Binding to O-glycans. Arachis Hypogaea agglutinin (PNA)
binds the core Galβ1–3GalNAc disaccharide of O-glycans
(Goldstein and Hayes, 1978) only in the absence of terminal
sialic acids as shown in Figure 6. Natural eCG and alpha
subunit did not bind to PNA, contrary to all tested recom-
binant proteins, namely the dimeric hormones (eLH/
CG±CTP) as well as free alpha subunits (alpha and alpha-
His6). The binding values for eLH/CG without CTP were
significantly lower.

Presence of N-carbohydrate chains. Figure 8 (panel A) shows
that natural and recombinant purified alpha-His6 subunits
(lanes 1–3) exhibit lower MW after PNGase F treatment.
Under reducing conditions, alpha-His6 subunit from Sf9 cells
(lane 2) appeared at 18 kDa, whereas natural eCG alpha
subunit (lane 1) and recombinant alpha-His6 subunit from
Mimic™   (lane 3) cells were higher, at ∼ 22 kDa.

After PNGase F treatment, recombinant alpha-His6 sub-
units from Sf9 and Mimic™   cells appeared as doublets with
bands at ∼ 15 and 16 kDa (lanes 2 and 3), whereas
deglycosylated natural eCG alpha subunit was revealed at
∼ 14 kDa (lane 1). Thus, PNGase F induced a drop in the
apparent MW comprised between 2 and 8 kDa in agree-
ment with the elimination of N-carbohydrate chains. We
can notice that a trace amount of protein was visualized at
∼ 17 kDa for deglycosylated natural eCG alpha subunit
(lane 1), that could be attributed to a partially deglycosy-
lated form. We used exactly the same samples in silver
staining and in western blot analysis.

Lectin western blot

In lectin blot analyses, natural alpha subunit purified from
dissociated eCG and recombinant Ni-NTA purified alpha-
His6 subunits from serum-containing supernatant of
infected Sf9 and Mimic™   cells were tested for their ability
to bind to seven different lectins (Figure 8, panels B–H),
whose specificity was confirmed by using two purified com-
mercial glycoproteins (negative and positive controls).
After SDS–PAGE under reducing conditions and elec-
trotransfer onto nitrocellulose membrane, complete glyco-
proteins or N-deglycosylated ones (pretreated with PNGase
F) were revealed after incubation with one specific plant

Fig. 5. Lectin binding to natural gonadotropins or recombinant ones com-
ing from serum-containing supernatant of infected Spodoptera frugiperda 
(Sf9) and Mimic™    cells. Absorbance values presented in Table II indicate 
the specific binding of alpha subunits (A) and equine luteinizing hormone/
chorionic gonadotropin (eLH/CG) (B) glycoproteins to definite plant 
lectins.

A.

B.

Contro
l b

uffe
r

wt b
aculoviru

s

natu
ra

l e
CG

eLH/C
G S

f9

eLH/C
G M

im
ic

eLH/C
G
∆ CTP S

f9

eLH/C
G
∆ CTP M

im
ic

GNA

MAA

SNA

PNA

RCA I0

0,2

0,4

0,6

0,8

1

1,2

1,4

1,6

A
b

s
o

rb
a

n
c

e
 a

t 
4
5
0

 n
m

A
b

s
o

rb
a

n
c

e
 a

t 
4
5
0

 n
m

Contro
l b

uffe
r

wt b
aculoviru

s

natu
ra

l e
CG

alpha

alpha S
f9

alpha-H
is6  S

f9

alpha M
im

ic

alpha-H
is6  M

im
ic

GNA

MAA
SNA

PNA

RCA I0

0,2

0,4

0,6

0,8

1

1,2

1,4

D
ow

nloaded from
 https://academ

ic.oup.com
/glycob/article/15/8/776/637697 by guest on 09 April 2024



S. Legardinier et al.

782

lectin (Figure 8). Lectin binding specificities are indicated in
Table I and detailed in Figure 6.

Detection of mannose residues. Con A, that binds to α-
linked mannoses even if the N-glycans are of complex type
(Baenziger and Fiete, 1979), did not recognize natural eCG
alpha subunit (lane 1). By contrast, alpha-His6 Sf9 (lane 2),
alpha-His6 Mimic (lane 3) and carboxypeptidase Y (CPY)
were detected and only before PNGase F treatment.

GNA binding was positive only for recombinant alpha-
His6 subunit produced in Sf9 cells, an unique spot being
visible at ∼ 18 kDa (lane 2). The recognition of CPY (63
kDa) confirms the high specificity of this lectin, which rec-
ognizes “terminal mannose linked to mannose” structures
(Table I). In recombinant Sf9 alpha subunit and in CPY,

this structure was clearly associated with N-glycans because
there was no glycoprotein recognition after PNGase F
treatment.

Detection of galactose residues. RCA I recognized natural
eCG alpha subunit as a large spot comprised between 20
and 30 kDa (lane 1). A spot near 43 kDa was also detected
(lane 1) and could not be attributed to an alpha dimer
because the electrophoresis was run under reducing condi-
tions. Recombinant alpha-His6 subunit produced in Sf9
cells showed no signal near 18 kDa (lane 2). By contrast,
the one produced in Mimic™   cells (lane 3) strongly bound to
RCA I. The positive control asialofetuin (aSF) (three glyco-
forms) responded to the lectin and still gave signals after
enzymatic hydrolysis but at lower MW. After PNGase F

Fig. 6. Schematic representation of N- and O-glycans attached on alpha and beta subunits of equine chorionic gonadotropin (eCG) and recombinant 
counterparts produced in Spodoptera frugiperda (Sf9) and Mimic™    cells. The location of these oligosaccharide chains on α and β subunit with or without 
carboxy terminal peptide is represented. The minimal glycan structures required for high-affinity binding of lectins are indicated in continuous line frames, 
and weak affinities are shown in dotted line frames on expected carbohydrate structures. Linkage types are indicated. Monosaccharides are represented 
with indicated specific symbols. GlcNAc (�), Man (�), Fuc (�), Gal (�), GalNAc (�), sialic acid (�).
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treatment, a residual signal appeared at a MW of 17 and 20
kDa for natural and recombinant Mimic™    alpha subunits
respectively.

Datura stramonium agglutinin (DSA) that recognizes the
ramified structure Galβ1–4 (GlcNAc)2 (Crowley et al.,
1984), strongly reacted with natural eCG alpha subunit but
only before PNGase F treatment and did not bind to
recombinant alpha-His6 subunits.

Glycoproteins (50–100 kDa), coeluted with alpha-His
subunits during Ni-NTA purification, reacted with both
lectins RCA I and DSA but were not recognized by the
specific α mAb 89A2 (Figure  4B and D). These signals
were more intensive for purified alpha-His6 subunit from
Mimic™   cells, cultured with two-fold more serum than for
Sf9 cells.

Detection of sialic acid residues. SNA bound to natural
eCG alpha subunit because the signal near 24 kDa was very
strong although the dose of gonadotropin loaded on the
membrane was the lowest (125 ng) tested. However,
another signal was seen for natural eCG alpha at ∼ 43 kDa,
as previously shown for RCA I (lane 1). For recombinant
alpha-His6 subunit produced in Sf9 and Mimic™   cells, no
signal was detected at expected MW (18–22 kDa), but
several spots always appeared at high MW (>45 kDa; lanes
2–3). Several bands of the positive control fetuin (three
glycoforms) were detected. After PNGase F treatment,
signals are largely attenuated, although not eliminated
because one band was still visible for this control. Enzy-
matic hydrolysis of natural eCG alpha subunit showed one
band near 17 kDa (see silver staining, panel A), a MW
which is higher than that of completely deglycosylated
natural alpha subunit (14 kDa).

MAA gave slight band near 22 kDa for natural eCG
alpha (lane 1), which disappeared after PNGase F treat-
ment, but no band appeared for recombinant ones (lanes 2
and 3). As observed with SNA, only signals at high MW
were observed (lanes 2 and 3). Fetuin possesses Siaα2,3Gal
recognized by the lectin.

We oberved the same high MW glycoproteins as with
galactose-binding lectins.

Detection of O-glycans. PNA recognized the two recombi-
nant alpha-His6 subunits before PNGase F treatment.
After enzymatic hydrolysis, signals are seen for the two
recombinant tagged subunits at 15–16 kDa, which is the
MW of their N-deglycosylated forms (as previously shown,
panel A).

Discussion

Recombinant eLH/CG and its alpha and beta subunits
have been successfully expressed in Mimic™ cells
(Legardinier et al. 2005), and it was the first time that the
use of this commercial source of cells was reported following
manufacturer’s recommendations (Invitrogen). Mimic™    cells
are Sf9 cells stably transformed with five mammalian genes
encoding GlcNAcT-I, GlcNAcT-II, β4GalT, ST3 and ST6
and reported to produce mammalian-like N-linked carbo-
hydrates up to terminal α2,6-linked sialic acid residues
when cultured in the presence of fetal bovine serum (Hollis-
ter et al. 2002). Although major insect cells can not synthe-
size sialic acids and CMP-sialic acid (Jarvis, 2003;
Lawrence et al., 2001; Tomiya et al. 2003), Mimic™    cells
are claimed to salvage sialic acids from extracellular
sialoglycoproteins found in serum to produce their own
CMP-sialic acid (Hollister et al., 2003).

Our data demonstrate that mammalian complex-type
N-glycans are indeed conjugated to the equine gonadotro-
pin eLH/CG, and its subunits expressed in Mimic™   cells,
but terminal sialic acid residues were demonstrated to be
missing. We reached this conclusion on the basis of lectin
binding after separation either by capture (with a specific
antibody or Ni-NTA coated plates) or by chromatography
of alpha-His6 subunits from major contaminating materials
(by Ni-NTA purification followed by lectin western blot).
Lectin western blot analyses were particularly powerful
because it was possible to detect lectin-positive bands that
were not silver-stained, such as the spot near 43 kDa for
natural eCG alpha subunit. Indeed, the lectins RCA I and
SNA exhibited a very high affinity since trace amount of
glycoproteins were detected.

In this study, glycoproteins with high MW (50–100 kDa),
which were coeluted with alpha-His subunits during nickel
affinity purification step, reacted with lectins specific of
galactose (RCA I) and sialic acid (MAA and SNA) residues
but were not recognized by the highly specific monoclonal
anti-alpha antibody. Thus, these high MW signals could
not be attributed to homodimers or aggregates of gonado-
tropins subunits. Moreover, these signals seem to be pro-
portional to the initial quantity of serum in the supernatants
of infected cells, because high MW glycoproteins gave more
intensive signals for Mimic™   cells cultured with two-fold

Fig. 7. Lectin enzyme-linked immunosorbent assay: dose–response curve. 
The microtitration plate was coated with α mAb 89A2. Approximately 200 
ng purified proteins per well (�, natural eCG alpha; �, alpha-His6 Sf9; 
�, alpha-His6 Mimic™  ) were incubated in duplicates in TBS-T. 
Digoxigenin labelled GNA was incubated at different concentrations in 
Tris buffer saline-Tween containing 1 mM MgCl2, 1 mM MnCl2, and 
1 mM CaCl2. After the addition of antidigoxigenin Fab fragments, the 
microtitration plate was revealed with a peroxidase substrate and the 
absorbance was measured at 450 nm.

0.00 0.05 0.10 0.15 0.20 0.25 0.30
0.0

0.1

0.2

0.3

0.4

[GNA] µg.ml-1

A
-

45
0 

nm

D
ow

nloaded from
 https://academ

ic.oup.com
/glycob/article/15/8/776/637697 by guest on 09 April 2024



S. Legardinier et al.

784

more serum (Figure  8, lane 3) than that for Sf9 cells
(Figure  8, Lane 2).

Reaction of natural eCG and its free alpha subunit with SNA, 
RCA I, MAA and DSA

In lectin ELISA and lectin western blot, natural eCG alpha
subunit was found to react with SNA and RCA I, confirm-
ing the presence of terminal sialic acid (siaα2–6Gal) and

galactose (Galβ1–4GlcNAc) residues on its N-glycans. The
presence of siaα2–6Gal did not totally abolish RCA I
interaction with Galβ1–4GlcNAc (Green et al., 1987);
consequently, it is not possible to appreciate what propor-
tion of the chains, if any, do not bear terminal sialic acid.

Natural alpha subunit from heat dissociated eCG did not
react with MAA in lectin western blot and lectin ELISA,
implicating the absence of siaα2–3Gal termini. A spot at

Fig. 8. Detection of purified natural and recombinant alpha subunits by silver staining (A) and lectin western blots (B-H). Panel A: Silver staining of com-
plete or deglycosylated natural and recombinant alpha subunits. Recombinant alpha-His subunits were secreted in serum-containing supernatant of 
infected Sf9 or Mimic™    cells and purified using a nickel affinity column. Natural eCG alpha subunit (lane 1, 0.5 µg) was previously obtained from disso-
ciated natural eCG. Approximately 0.5 µg of nickel-nitrilotriacetic acid (Ni-NTA) purified proteins (lane 2, alpha-His6 Sf9; lane 3, alpha-His6 Mimic™  ) 
treated or not with PNGase F was submitted to 15% SDS–PAGE under reducing conditions, silver stained or transferred on a nitrocellulose membrane for 
lectin blot analyses (panels B-H). Panels B-H: Lectin western blot. Natural eCG alpha subunit (lane 1) was tested at a dose of 0.5 µg except 0.125 µg for 
SNA. Digoxigenin or biotin labelled lectins were added separately overnight in TBS-T containing 1 mM MgCl2, 1 mM MnCl2, 1 mM CaCl2. After the 
addition of peroxidase labelled antidigoxigenin or NeutrAvidin™  , the glycoprotein–lectin complexes were visualized with ECL™   chemiluminescent sub-
strate. Lanes 4 and 5 correspond to negative and positive control glycoproteins respectively (fBSA, free-fatty acid BSA; CPY, carboxypeptidase Y; F, 
fetuin; aSF, asialofetuin). Lectin binding specificities are given in Table I. In each panel (A-H), the same samples (lanes 1–3) treated or not with PNGase F 
were loaded. Molecular weight markers (MW) are indicated in kDa. Arrows indicate the location of complete (α) or N-deglycosylated alpha-subunits (dg α).
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43 kDa was observed with RCA I and SNA in western blot,
but was not detectable by silver staining (Figure  8, panel A).
It can be attributed to a very low residual contamination by
eCG beta subunit not detected by silver staining. After
PNGase F treatment, the two lectins RCA I and SNA
revealed a spot at 17–18 kDa, a MW higher than that of the
completely deglycosylated alpha subunit (14 kDa). This
spot was also detected by silver staining and can be attrib-
uted to a small amount of alpha subunit still bearing one of
its two N-saccharide chains. The important point is that no
signal is detected at 14 kDa for completely deglycosylated
natural eCG alpha subunit, thus confirming the presence of
N-glycannic chains with siaα2–6Gal termini and an unde-
termined proportion of non-sialylated Galβ1–4GlcNAc ter-
mini. The strong positive reaction of natural eCG alpha
subunit with DSA in lectin western blot suggests the pres-
ence of ramified Galβ1–4(GlcNAc)2 structure (Table I) in
addition to the lactosamine (Galβ1–4GlcNAc) structure
recognized by RCA I.

Natural eCG binds to both SNA and MAA, whereas nat-
ural alpha subunit binds only to SNA. Therefore, siaα2–3
Gal endings must come from the beta subunit. Considering
the mass proportion of O-glycans versus N-glycans, it can
be supposed that siaα2–3Gal are mainly borne by the
twelve sialylated O-glycans of the beta subunit CTP
(Hokke, et al., 1994). Using α2,3 specific neuraminidases, it
was published that N-glycans of total eCG were predomi-
nantly of the α2,3 type (Smith et al., 1993), whereas
previous data showed that N-glycans of eCG beta were
predominantly of α2,6 type and O-glycans of 2,3 type
(Damm et al. 1990).

Positive reaction of alpha-His6 and eLH/CG Sf9 with GNA 
and Con A

Recombinant alpha-His6 subunit and eLH/CG with or
without CTP produced in Sf9 cells showed a strong affinity
for GNA, confirming the presence of tri- or high-mannose
structures on its N-glycans. These structures explain the
high affinity of alpha-His6 Sf9 for Con A. It is known that
the interaction with Con A (Baenziger and Fiete, 1979) is
weaker when the chain is enriched by N-acetylglucosamine
and galactose residues (Debray et al., 1981) explaining the
very weak reaction of natural eCG alpha subunit. The
absence of reaction with SNA, MAA, DSA, and RCA I is
in keeping with the absence of terminal galactose or sialic
acids in glycoproteins synthesized in Sf9 cells (Altmann
et al., 1999).

Positive reaction of recombinant eLH/CG and alpha-His6 
and beta-His6 subunits produced by Mimic™    cells with RCA I 
but not with GNA, SNA, MAA and DSA

Recombinant eLH/CG with or without CTP and alpha-His6
subunit produced in Mimic™  cells do not possess terminal
sialic acids as shown by the lack of SNA and MAA binding in
lectin ELISA and/or lectin western blot. Alpha-His6 subunit
produced in Mimic™   cells was poorly recognized with Con A
demonstrating the absence of mannose-rich N-glycans, and it
was well recognized by RCA-I showing the presence of
terminal Galβ1–4GlcNAc. Therefore, in serum-containing
medium, adherent Mimic™  cells elaborate complex-type

unsialylated N-glycans up to galactose residues, and proba-
bly on both mannoses α1,3 and α1,6 of the common pen-
tasaccharidic (Man)3(GlcNAc)2-Asn motif (negative
reaction with GNA) suggesting that GlcNAcT-I, GlcNAcT-
II and β4galT are active. However, alpha-His6 subunit from
Mimic™   cells exhibited no DSA binding, proving that it
does not bear ramified Galβ1–4(GlcNAc)2 structure in con-
trast to natural eCG alpha subunit.

Mimic recombinant dimeric eLH/CG and its subunits
were not sialylated, either because ST6 was not active (as it
was the case of ST3) (Hollister et al. 2002) or because it was
not expressed, or because Mimic™   cells in the conditions
used can not salvage sialic acids from extracellular sialogly-
coconjugates, such as fetuin (Hollister et al. 2003, 2002,
Jarvis, 2003). Indeed, parental Sf9 cells can not synthesize
their own source of sialic acids: they are deficient in sialic
acid synthase (SAS) and cytidine monophosphate sialic
acid synthase activities (CMP-SAS) involved in the biosyn-
thesis of sialic acid and CMP-sialic acid respectively. To
overcome this limitation, genes encoding SAS and/or CMP-
SAS were expressed in insect cells (Lawrence et al. 2001;
Tomiya et al. 2004; Viswanathan et al. 2003). Moreover,
there is not direct evidence that Sf9 cells can transport
CMP-sialic acid from cytosol to the Golgi apparatus
(Aumiller, 2003).

Negative reaction of eCG and its dissociated alpha subunit 
with PNA

Lectin ELISA and lectin western blot showed no binding of
natural eCG and its dissociated alpha subunit with PNA.
Indeed, natural dimeric eCG possess O-glycans only on the
C-terminal beta subunit, and these O-glycans are sialylated
poly-N-acetyllactosamine structures (Hokke et al., 1994),
not recognized with PNA. Equine alpha subunit, as numer-
ous glycoprotein hormones alpha subunits, possesses a
potential O-glycosylation site at Threonine 43, but this site
is not occupied when alpha is associated with beta subunit.
Indeed, free alpha subunit, not combined with beta subunit
in extracts of bovine pituitaries, was shown to be O-
glycosylated (Parsons and Pierce, 1984), preventing from
association with beta subunit. This is in agreement with the
fact that the alpha subunit from dissociated natural eCG is
not O-glycosylated.

Positive reaction of recombinant eLH/CG and alpha-His6 
subunit from Sf9 and Mimic™   cells with PNA

PNA binding to recombinant alpha-His6 subunits shows
the presence of Galβ1–3GalNAc O-glycans in the free
secreted Sf9 and Mimic alpha and alpha-His6 subunits.
This is evidenced in both lectin western blot and lectin
ELISA. The presence of this additional O-glycan and of a
polyhistidin tag could explain the comigration of Mimic
alpha-His6 subunit with natural sialylated eCG alpha sub-
unit. The presence of O-linked carbohydrate had been pre-
viously observed in rat glycoprotein hormone alpha
subunit expressed in Sf9 cells (Delahaye et al., 1996). Previ-
ous studies showed that O-glycans with the unique GalNAc
residue were generated in insect cells like Sf9 cells, on natural
glycoproteins secreted from noninfected cells (Lopez et al.,
1999) or recombinant glycoproteins (Thomsen et al., 1990).
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However, in these studies, the synthesis of Galβ1–3GalNAc
structures at very low amounts in Sf9 cells has also been
described.

Our results with PNA suggest a significant activity of the
Core1β3GalT (EC 2.4.1.122) (Ju et al., 2002) adding galac-
tose residues on proximal GalNAc-Ser/Thr in both Sf9 and
Mimic™  cell lines. Thus, the difference of MW between
recombinant N-deglycosylated alpha-His6 subunits
(15-16kDa) and natural N-deglycosylated eCG alpha sub-
unit (14kDa) can be ascribed not only to the His6 tag plus
the Factor Xa proteolytic site (HHHHHHIEGR: MW
1296) but also to the presence of an additional Galβ1–3
GalNAc O-glycan chain (GalNAc, Gal: MW 365).

Recombinant eLH/CG strongly reacted with PNA in
lectin ELISA supporting the presence of Galβ1–3GalNAc
O-glycans on the CTP of the beta subunit. Nevertheless,
recombinant eLH/CG without its O-glycosylated CTP
produced in the serum-containing supernatant of Sf9 and
Mimic™   cells still significantly reacted with PNA. This
must be due to the recognition of the O-glycans of free
alpha subunit produced during coinfection of insect cells
with alpha and truncated beta baculoviruses, or it could be
due to one remaining O-glycosylation site located at Ser118
upstream the (122–149) CTP region (Bousfield and Butnev,
2001; Bousfield et al., 1996). The absence of PNA reaction
with natural eCG suggest either the absence or shielding of
the Galβ1–3GalNAc structures.

In conclusion, N-glycans in eLH/CG and its subunits
produced by Sf9 cells were found to be terminated by
mannosyl residues suggesting the presence of poly or pauci-
mannose structures. By contrast, N-glycans were of
complex type in eLH/CG produced in Mimic™    cells; never-
theless, they were terminated by galactose residues and not
sialic acids as expected. Interestingly, O-glycans exhibited
the Galβ1–3GalNAc structure in recombinant-free alpha
and eLH/CG from both Sf9 and Mimic™  cell lines. This
comparative study led us to conclude that natural eCG pos-
sess carbohydrate side chains ended with sialic acids exhib-
iting the two types of linkages (α2,3 or α2,6) and that N-
glycans of alpha subunit from dissociated eCG are only
composed of Siaα2,6Gal.

Recently, a new transgenic insect cell line (SfSWT-3) was
described (Aumiller et al., 2003), that corresponds to the
transformation of Mimic™   cells (SfSWT-1) with two addi-
tional mammalian genes encoding SAS and CMP-SAS. It
has been claimed to correctly sialylate a recombinant glyco-
protein on its two antennary N-carbohydrate chains in the
absence of fetal bovine serum. It could thus be of utmost
interest for the production of recombinant gonadotropins
with in vivo activity.

Materials and methods

Introduction of a cassette encoding a polyhistidine sequence 
in the baculovirus transfer vector p119

The p119 baculovirus transfer vector (Chaabihi et al., 1993)
contains the very late promoter and polyadenylation signal
of the protein P10, that are flanked with specific sequences
of P10 gene allowing homologous recombination with wild-
type AcMNPV DNA. We introduced in HindIII restriction

site a new fragment encoding the factor Xa proteolytic site
IEGR followed with six histidine residues (His6) and TAA
stop codon (Figure  1). Briefly, the p119 baculovirus trans-
fer vector was digested using HindIII restriction enzyme
(Roche, Meylan, France) and ligated with the purified pre-
hybridized A,B,C,D oligonucleotides (Eurogentec Seraing,
Belgium) (Figure  1). The A and B complementary oligonu-
cleotides were 5´-AGC TTA TCG AAG GCA GGC AC-3´
and 3´-ATA GCT TCC GTC CGT GGT AG-5´, respec-
tively and contain a sequence encoding the factor Xa
proteolytic site IEGR. The C and D complementary oligo-
nucleotides were 5´-CAT CAT CAC CAC CAT TAA C-3´
and 3´-TAG TGG TGG TAA TTG TCG A-5´, respectively
and contain a sequence encoding six consecutive histidine
residues (His6).

About 1µg of each oligonucleotide was separately heated
for 10 min at 80°C. A,B,C,D oligonucleotides were equally
mixed and incubated for 10 min at 80°C just before hybrid-
ization that took place overnight during progressive
decrease of temperature down to room temperature. About
50 ng of digested modified p119 transfer vector was ligated
with 500 ng of prehybridized A,B,C,D oligonucleotides
overnight at 4°C using 5 units of T4 DNA ligase (QBIO-
gene, Illkirch, France).

Cloning of equine alpha and LH/CG beta subunits cDNAs 
into the modified p119 transfer vector

A chimeric cDNA encoding equine gonadotropin alpha
subunit with its natural equine amino acid sequence was
previously cloned into p119 and pGmAc116T baculovirus
transfer vectors (Legardinier et al., 2005). Chimeric cDNA
encoding the equine alpha subunit was used as a template
for PCR (polymerase chain reaction) using 5´ (CTT AAC
ACT AAG ATC TTC TAG ACT G) and 3´ (GGT GTT
CTA ATT CGA AAA AGT GGT TC) primers to generate
modified cDNA ends with BglII site in 5´ and HindIII in 3´
instead of stop codon. The amplified fragment was sub-
cloned into pGEM-T (Promega, Charbonnières, France)
and directly cloned into the modified p119 transfer vector
using BglII and HindIII to obtain the specific transfer vec-
tor p119-αHis6.

cDNAs encoding complete equine LH/CG beta subunit
(Chopineau et al., 1995) or truncated LH/CG beta one
missing the 122–149 CTP were previously cloned into p119
transfer vector downstream the p10 protein promoter (P10)
using BglII and HindIII restriction sites (Legardinier et al.
2005) leading to the transfer vector p119-β and p119-β∆CTP.

PCR procedures using 5´ (CTA AGA TCT AGA ACC
AAG GAT GGA G) and 3´ (CTG AAG ATT CGA ATG
TTT CGA AAA C) primers were used to amplify the
complete LH/CG beta cDNA introducing HindIII restric-
tion site instead of stop codon. The amplified product was
subcloned into pGEM-T and directly cloned into the modi-
fied p119 transfer vector using BglII and HindIII restriction
sites to obtain the specific transfer vectors p119-βHis6.

Plasmid constructs were amplified and purified using
Wizard Plus SV Minipreps DNA purification system kit
(Promega, Charbonnières, France) and Nucleobonds AX
kit (Macherey Nagel, Hoerdt, France). PCR were carried
out using Taq polymerase (Promega, Charbonnières,
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France), and the sequences of all the amplified products
were checked by the dideoxy chain termination method
(Genome Express, Meylan, France).

Cells and viral infection

The Sf9 subclone of Spodoptera frugiperda Sf21 cells
(Vaughn et al., 1977) was maintained at 28°C in supple-
mented TC-100 growth medium containing 5% heat-
inactivated fetal bovine serum and 50 units ml–1 penicillin G
and 50 µg ml–1 streptomycin. Mimic™   cells (Invitrogen), that
are stably transformed Sf9 cells previously denominated
SfSWT-1 (Hollister et al., 2002), were cultured in complete
Grace’s Insect Medium supplemented with 10% fetal
bovine serum and antibiotics as recommended by the man-
ufacturer (Invitrogen). Both insect cell lines were main-
tained as adherent cells at a density of 2.0–2.5 × 106 cells per
ml in 25-cm2 flasks and passed over 80 percent confluency
three times a week. To reach the same cell density as that
obtained with Sf9 cells, more Mimic™    cells had to be passed
because of their slower growth and this never more than 30
times as recommended by the manufacturer.

The viruses were propagated in both cell lines and recov-
ered as described previously (Summers and Smith, 1987).
Cells were infected with recombinant baculoviruses at a
multiplicity of infection (MOI) ranging from 5 to 10 plaque
forming unit (Pfu)/cell in 25- or 75-cm2 flasks. After 45-min
incubation with viral suspensions, 4 or 12 ml of fresh
culture medium was added, and cells were incubated at
28°C until day 5 after infection. The viral titers were
determined by plaque assay (Summers and Smith, 1987).

Time course of production of recombinant dimeric eLH/CG 
expressed in insect cells

Sf9 and Mimic™  insect cell lines were coinfected with
recombinant baculoviruses NPV-α(PH) and SLP10-β (P10)
(Legardinier et al., 2005) at a MOI of 5–10 Pfu per cell as
described above. Supernatants were recovered by centrifu-
gation at 100 × g for 5 min and stored at 4°C as indicated
times (Figure  3). Samples from four experiments were
assayed in duplicates in sandwich ELISA, and quantita-
tions were made using eCG NZY-01 (Lecompte et al.,
1998) as standard preparation.

Cotransfection and purification of the recombinant 
baculoviruses

Sf9 cells were cotransfected with 5 µg of transfer vector DNA
and 500 ng of purified AcSLP10 viral DNA (Chaabihi
et al., 1993) using a lipofection method (DOTAP, Roche,
Meylan, France). This viral DNA possessing only very late
P10 promoter driving the expression of the polyhedrin gene
was transfected separately with the specific transfer vectors
such as p119-αHis6 and p119-βHis6. In each case, recombi-
nant baculoviruses were selected by plaque assay and dis-
tinguished from the wild-type progeny by their occlusion
body-negative phenotype (Summers and Smith, 1987). The
screening and purification of the recombinant baculo-
viruses SLP10-αHis6 (P10) and SLP10-βHis6 (P10) were
carried out as previously described for recombinant bacu-
loviruses NPV-α (PH), SLP10-β (P10) and SLP10-β∆CTP
(P10) (Legardinier et al., 2005).

SDS–PAGE and western blot analysis

Sf9 or transgenic Mimic™   insect cells were seeded in 25-cm2

flasks and infected separately with recombinant baculovi-
ruses SLP10-αHis6 (P10) or SLP10-βHis6 (P10) to obtain
recombinant alpha-His6 or beta-His6 subunits. LH/CG
heterodimers were obtained by coinfection with recombi-
nant baculoviruses NPV-α (PH) and SLP10-β (P10) or
SLP10-β∆CTP (P10). Cells infected with wild-type baculovi-
ruses were used as control. Supernatants (medium fraction)
were recovered by centrifugation at 100 × g for 5 min, and
aliquots were diluted in Laemmli’s 4× buffer (Laemmli,
1970) under nonreducing or reducing conditions. Samples
were unheated or heated for 10 min at 100°C and electro-
phoresed in 14 or 15% SDS–PAGE. Gels were either silver-
stained or transferred overnight at 4°C onto nitrocellulose
membranes (Schleicher and Shuell, Ecquevilly, France) to
probe the different glycoproteins with specific anti-alpha
(1µg ml–1), anti-beta (1:5000), or anti-eCG (1:50000)
antibodies, then with 1:5000 peroxidase conjugated goat
antirabbit or antimouse IgG antibodies. Membranes were
visualized using the ECL™  Western Blotting Detection
Reagents (Amersham Biosciences Orsay, France).

Antibodies

The antibodies used in this study were as follows: 89A2
mouse monoclonal anti-eCG alpha antibody (α mAb 89A2)
recognizing the nondenaturated alpha chain as single
subunit or as heterodimer in eCG (Chopineau et al., 1993),
a rabbit polyclonal antibody raised against a synthetic
LH/CG β1–9 peptide (β1–9 Ab) representing the nine
N-terminal residues of LH and CG β-subunits from
numerous species and detecting reduced subunits (Legardi-
nier et al., 2005), a rabbit anti-eCG polyclonal antibody
(eCG Ab) (Cahoreau and Combarnous, 1987), peroxidase-
conjugated goat anti-rabbit or anti-mouse IgG (Jackson
ImmunoResearch, Interchim, Montluçon, France) and
anti-digoxigenin Fab fragments (Roche, Meylan, France).

Immunological quantitation of recombinant monomers 
and heterodimers

The concentrations of recombinant alpha-His6 and beta-His6
subunits produced in insect cell culture media were deter-
mined in specific competitive ELISA. Briefly, the microtiter
plates were coated with 0.1 IU (60 ng) eCG NZY-01 in 100 µl
of 0.1 M sodium carbonate/bicarbonate buffer, pH 9.6.
After extensive washing in a 0.1% Tween 20-phosphate
buffer saline (PBS-T) and saturation with 0.2 % bovine
serum albumin (BSA, Sigma, Saint-Quentin Fallavier,
France), 50 µl per well of standard eCG NZY-01 or media
containing recombinant alpha-His6 or beta-His6 subunit
were incubated at different concentrations in the saturation
buffer for 4 h at 4°C either with 50 µl per well of α mab
89A2 (1µg ml–1) or with β1–9 Ab (1:5000). After washing,
100 µl of peroxidase-conjugated goat antimouse or antirab-
bit IgG were added at a 1:10,000 dilution in the saturation
buffer for 1 h at 4°C. After rinsing, 100 µl per well of the
SureBlue™   TMB peroxidase substrate (KPL, Eurobio, Les
Ulis, France) were incubated for 20 min at room tempera-
ture in the dark. The reaction was stopped with 50 µl 2N
H2SO4, and the absorbance was measured at 450 nm using
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a SpectraCount™   (Packard; Downers Grove, IL, USA) spec-
trophotometer, and data were analyzed by the I-SMART
software (Packard; Downers Grove, IL, USA).

Natural eCG and recombinant eLH/CG with or without
CTP were estimated in a sandwich ELISA, as previously
described (Legardinier et al., 2005).

Determination of the N-terminal sequences of purified 
alpha-His6 and beta-His6 subunits

After separation by 15% SDS–PAGE gels, recombinant
alpha-His6 and beta-His6 proteins purified from media of
infected Sf9 cells on a Ni-NTA column were electroblotted
onto PVDF membranes (ImmobilonP, Millipore, St Quen-
tin en Yvelines, France). After staining with Ponceau red
(alpha-His6) or Coomassie blue (beta-His6), the 22 and 26
kDa positive bands corresponding to alpha-His6 and beta-His6
proteins respectively were cut out from the polyvinylidene
fluoride (PVDF) membrane. N-terminal sequences were deter-
mined with an Edman automated sequencer (Beckman/
Porton LF 3000).

Nickel affinity purification of recombinant alpha-His6 and 
beta-His6 proteins under nondenaturing conditions

Sf9 and Mimic™  cells were seeded in 75-cm2 flasks and
infected with either recombinant baculoviruses SLP10-α-
His6 or SLP10-βHis6 at a MOI of 5–10 Pfu per cell in 12 ml
final volume. Five days after infection, 80–100 ml superna-
tants were recovered by centrifugation at 100 × g and then at
1000 × g for 10 min, desalted using five PD10 gel filtration
columns used for several runs (Amersham, Orsay, France),
exchanged with a binding buffer (25 mM Tris–HCl, 500 mM
NaCl, 5mM Imidazole, and pH 8.0), and loaded on 2.5 ml
of Ni-NTA agarose (QIAGEN, Courtaboeuf, France) col-
umn preequilibrated in the same buffer. After extensive
washing in binding buffer, nonspecific proteins were
removed from column with washing buffer (25 mM Tris–
HCl, 500 mM NaCl, 25 mM Imidazole, and pH 8.0). Bound
proteins were eluted by increasing to 500 mM Imidazole in
the same buffer at a rate of 50 ml h–1. One-milliliter frac-
tions were collected and stored at 4°C until use. Those con-
taining recombinant alpha-His6 or beta-His6 subunit were
identified by immunoassays (ELISA and western blot) and
their carbohydrates characterized by lectins.

The sensitivity of gonadotropins and their subunits to
proteolysis is known to be very low. Thus, protease inhibi-
tors are not required.

Glycosylation analyses

In vitro endoglycosidase treatment. Elution fractions
containing recombinant Sf9 and Mimic alpha-His6 sub-
units from Ni-NTA chromatography column were treated
separately. About 5 µg of these eluted alpha-His6 subunits
(as determined by ELISA) were denaturated in a final
volume of 200 µl containing 0.1% w/v SDS and 10 mM
β-mercaptoethanol and boiled for 10 minutes. Enzymatic
hydrolysis was carried out with 5 IU PNGase F (N-glyca-
nase F, Roche, Meylan, France) after addition of 10 mM
EDTA and 0.7% w/v NP-40 (Sigma, St Quentin Fallavier,
France). Samples were incubated for 18 h at 35°C.

A sample of each glycoprotein was treated in the same
way without enzyme. For lectin blotting, control positive or
negative glycoproteins (see Lectin analysis section) were
submitted to the same treatment. An aliquot of purified
natural eCG alpha, after dissociation of a natural het-
erodimeric eCG (Herve et al., 2004) was treated in the same
way and served as control in glycosylation analysis. We
used exactly the same samples in silver staining and in
western blot analysis.

Lectin analysis of glycosylation. A panel of biotinylated
(Vector Laboratories, AbCys, Paris, France) and digoxige-
nin labelled plant lectins (DIG glycan differentiation kit,
Roche, Meylan, France) with various specificities were used
in two types of experiments:

First to analyse nondenaturated glycoproteins in culture
medium, we used an enzyme-linked lectin immunoassay.
The microtitration plates were coated overnight at 4°C with
100 µl per well of α mAb 89A2 (1 µg ml–1) in 0.1 M sodium
carbonate/bicarbonate buffer, pH 9.6. After extensive
washing, nonspecific sites were saturated for 1 h at 4°C in
TBS-T (0.05% Tween20 TBS, 25 mM Tris, 140 mM NaCl,
3 mM KCl, and pH 7.4) containing 2% w/v polyvinylpyr-
rolidone K30 (Fluka, Sigma, St Quentin Fallavier, France).
About 100–200 ng recombinant alpha or dimeric eLH/CG
(100 µl supernatant per well) were incubated for 1 h at 4°C
in the saturation buffer. Similar quantities of natural stan-
dard eCG NZY-01 and purified natural eCG alpha were
used.

After washing, the microtitration plates were incubated
with different concentrations of digoxigenin labelled lectins
(0.2 µg ml–1 GNA, 0.2 µg ml–1 SNA, and 2 µg ml–1 MAA)
or biotinylated lectins (0.2 µg ml–1 RCA I and 0.4 µg ml–1

PNA) for 1 h at 4°C in TBS-T with 1 mM MgCl2, 1 mM
MnCl2, and 1 mM CaCl2. After rinsing, 1 ng (100 µl) per-
oxidase labelled antidigoxigenin or NeutrAvidin™  (Pierce
Interchim, Montluçon, France) were added for 1 h at 4°C.
After the addition of SureBlue™   TMB peroxidase substrate
(KPL, Eurobio, Les Ulis, France), the reaction was
stopped, and the absorbance was measured at 450 nm as
described above.

In a second set of experiments, we analysed denaturated
proteins treated or not with PNGase F by lectin western
blotting.

Natural, recombinant and control (CPY, F, and asF)
glycoproteins from DIG glycan differentiation kit, and
free-fatty acid bovine serum albumin fBSA (Sigma) were
analysed. Glycoproteins treated or not with PNGase F (20 µl
from PNGase F treated samples of the initial solution
described above) were separated on the same 15% SDS–
PAGE gel under reducing conditions and transferred on a
nitrocellulose membrane. After saturation for 2 h with 25-ml
TBS-T containing 2% w/v polyvinylpyrrolidone K30,
membranes were washed twice for 10 min in TBS-T and
once for 10 min in TBS-T containing 1mM CaCl2, 1mM
MgCl2, and 1mM MnCl2. Each membrane was then incu-
bated with each digoxigenin labelled lectin (0.2 µg ml–1

GNA, 0.2 µg ml–1 SNA, 1 µg ml–1 MAA, and 0.2 µg ml–1

DSA) or biotinylated labelled lectins (0.2 µg ml–1 Con A,
0.2µg.ml–1 RCA I and 2 µg.ml–1 PNA) in divalent cations
complemented TBS-T overnight at room temperature.
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After washing in TBS-T, the membranes were saturated for
30 min with blocking reagent (DIG glycan differentiation
kit) and incubated for 1 h at 4°C with 100 ng (10 ml) perox-
idase labelled antidigoxigenin or NeutrAvidin™ . Finally
membranes were revealed after washing with a chemilumi-
nescent substrate as above (See western blot section).
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β4GalT, β1–4 galactosyltransferase; cDNA, complementary
desoxyribonucleic acid; CG, chorionic gonadotropin; CMP,
cytidine monophosphate; CMP-SAS, cytidine monophos-
phate sialic acid synthase; CPY, carboxypeptidase Y; CTP,
carboxy terminal peptide; eCG, equine chorionic gonadotro-
pin; eLH, equine luteinizing hormone; ELISA, enzyme linked
immunosorbent assay; FSH, follicle-stimulating hormone;
Gal, galactose; GalNAc, N-acetylgalactosamine; GlcNAc;
N-acetylglucosamine; GlcNAcT-I or II, N-acetylglucosami-
nyltransferase I or II; GNA, Galanthus nivalis agglutinin;
His, Histidine; mAb, monoclonal antibody; MAA, Maackia
amurensis agglutinin; Man, mannose; MNPV, multiple
nuclear polyhedrosis virus; MW, molecular weight; Ni-NTA,
nickel-nitrilotriacetic acid; PBS, phosphate buffer saline;
PCR, polymerase chain reaction; Pfu, plaque forming unit;
pi, postinfection; PNA, Arachis Hypogaea agglutinin; SAS,
sialic acid synthase; Sf9, Spodoptera frugiperda; Sia, sialic
acid; SNA, Sambucus nigra agglutinin; ST3, α2–3 sialyltrans-
ferase; ST6, α2–6 sialyltransferase; TBS-T, Tris buffer saline-
Tween; TSH, thyroid-stimulating hormone.
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