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Severe fever with thrombocytopenia syndrome (SFTS) is caused by a virus that induces acute

infections. Despite its expansion beyond China, where it first appeared in 2009, no specific drug
exists to treat the disease. The discovery that antibodies targeting the SFTS virus surface glycoprotein
(Glycoprotein N, GN) significantly enhance patient survival has driven the development of antibodies,
particularly nanobodies. Nanobodies targeting the GN protein are a promising therapeutic approach.
This paper presents a systematic study of the purification process for a recombinant nanobody-Fc
fusion designed to treat the SFTS virus HB29. The study evaluated a sequential purification approach
using affinity (AFF), ion exchange (IEC), and hydrophobic interaction chromatography (HIC)
techniques to gradually remove impurities. The results demonstrate that this approach achieves an

Abbreviations: SFTS: Severe Fever with
Thrombocytopenia Syndrome; GN: Glycoprotein N; CIP:
Cleaning in Place; DBC: Dynamic Binding Capacity; RT:
Retention Time; Fc- Fragment Crystallizable Region of
Immunoglobulin; PB: Phosphate Buffer; AFF: Affinity
Chromatography; IEC: Ion Exchange Chromatography;
HIC: Hydrophobic Interaction Chromatography
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overall yield of more than 50% and a total purity of 95%. Efficient nanobody purification methods,

as outlined here, can pave the way for novel treatments to manage this disease.

Introduction

Severe fever with thrombocytopenia syndrome (SFTS)
is an acute infectious disease caused by a virus primarily
transmitted through insect bites by Asian longhorned tick
(Haemaphysal is longicornis (H. longicornis) or contact with
the blood or mucous membranes of infected patients [1]. Since
its first appearance in China in 2009, the disease has spread to
South Korea, Japan, Saudi Arabia, and the United States [2].

To date, there is no specific drug available for the treatment
of SFTS. However, specific antibodies have demonstrated good
clinical efficacy in antiviral treatments, such as the respiratory
syncytial virus monoclonal antibody Palivizumab and rabies
virus antiserum. Studies have shown that antibodies targeting
the SFTS virus surface Glycoprotein N (GN) play a critical role
in patient survival. Consequently, significant efforts are being
made to design antibodies targeting GN as effective therapies
to combat the SFTS virus [2,3].

Recently, an SFTS-neutralizing nanobody against GN was
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reported, which can be utilized either as a screening kit or as
a drug [4].

The discovery of nanobodies dates back to 1993 when a
new type of natural antibody derived from the camelid family
was identified. Nanobodies naturally lack light chains and
consist solely of heavy chains. The relative molecular mass
of a nanobody is approximately 15 kDa, making it about ten
times lighter than a typical antibody [5].

Due to their high stability, strong affinity, more than
80% homology with human antibodies, low toxicity, and
minimal immunogenicity, nanobodies have been extensively
used in immunodiagnostic kits [6], imaging research and
development, and antibody drug development in the fields
of tumors [7], inflammation, infectious diseases, and nervous
system diseases [5,8,9].

However, efficient purification technologies for
nanobodies are still in the development phase. Their smaller
size and unique conformation necessitate a novel approach to
purification strategies [10,11].
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In this paper, we present a sequential purification strategy
for a recombinant nanobody-Fc fusion antibody targeting
the treatment of SFTS [12,13]. The nanobody combines its
epitope-binding properties with the detection capabilities of
Fc-domains, enabling the use of affinity resins for efficient
purification.

Materials and methods

All reagents were of analytical grade and were
purchased from Sinopharm Chemical Reagent Co. Ltd, China
and all solutions were made with ultrapure water. The
chromatographic experiments were performed using the
GE AKTA pure chromatography system, Cytiva, China, and
the SDS-PAGE was performed using Protein Electrophoresis
Equipment from Bio-Rad, China. SDS-PAGE experiments
have been performed both in native and reduced form using
2-mercaptoethanol.

The chromatography resins selected for the sequential
purification processes were: rProteinA Seplife Suno
(AFF), Seplife Phenyl Large Scale HP (HIC), Seplife 30HS
(30HS), Seplife 50HQ (50HQ), and Seplife 50HS (50HS) all
manufactured at Sunresin New Materials Co. Ltd. (Table 1)
and prepacked in chromatography columns 0.8 x 10 cm size,
5 ml volume.

All the purification steps were based on binding the
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nanobody with a 5-minute contact time. Different sample
volumes were used for different steps depending on the
sample concentration and the dynamic binding capacity of the
resin. Details about the sequential chromatographic process,
as well as the binding and elution buffers used in the process,
are described in Table 2. The contact time for the different
steps was adjusted to maximize process efficiency, and the
cleaning in place (CIP) was performed with 0.1 M NaOH. The
AFF step remained consistent across all three purification
protocols.

The inhibition rate against SFTS HB29 was performed
using an immunoassay SFTS kit provided by Yuandaolong
(Suzhou) Medical Technology Co. Ltd., China.

Results and discussion

The recombinant nanobody-Fc fusion purified has a
molecular weight of 65 kDa, an isoelectric point of 6.2, and was
produced by fermentation in an eukaryotic microorganism.
A sequential chromatography approach comprising three
distinct steps was considered for the downstream purification
process. Given that the nanobody-Fc fusion contains an Fc-tag,
the first initial step to apply was an affinity chromatography
step based on rProtein A Seplife Suno [14,15]. The initial AFF
step provides a rapid capture of the recombinant nanobody
and an efficient means of obtaining the molecule of interest

Table 1: Characteristics of the chromatographic resins employed for the different purification case studies.

Chromatographic resin

Type and functional group

rProteinA Seplife Suno AFF - Protein A, Affinity to Fc region

Particle size range (microns)

Polymer matrix

40-100 (mean diameter 70) Agarose (4%)

Seplife Phenyl Large Scale HP HIC - Hydrophobic interaction

30-50 (mean diameter 37) Agarose (6%)

Seplife LXMS 50HQ IEC - Quaternary amine

40-60 (mean diameter 50) Polystyrene/ divinylbenzene

Seplife LXMS 50HS IEC - Suphopropyl

40-60 (mean diameter 50) Polystyrene/ divinylbenzene

Seplife LXMS 30HS IEC - Suphopropyl

27-33 (mean diameter 30) Polystyrene/ divinylbenzene

Abbreviations: AFF: Affinity Purification using rProteinA Seplife® Suno resin; HIC: Hydrophobic Interaction Chromatography; IEC: lon Exchange Chromatography

Table 2: Chromatographic conditions for the three purification protocols each using three steps.

Wash buffer Elution buffer

Chromatographic step

Sample buffer

Purification protocol 1

AFF 20 mM PB, 0.35 M NaCl, pH 7.0

50 mM Tris-HCl, 0.25 M Arg HCI, 1 M NaCl,

pH 9.0 And 20 mM PB, pH 7.0 20 mM citrate buffer, pH 3.2

HIC 80 mS/cm, pH 7.0

Sample from affinity elution, conductivity adjusted to

20 mM PB, 0.5 M ammonium sulphate,

oH7.0 20 mM PB, pH 7.0

IEC with strong acid cation
(30HS) acid

Sample from HIC elution pH adjusted to 5 with diluted acetic

50 mM acetate buffer, pH 5.0 50 mM acetate buffer, 1M NaCl, pH 5.0

Purification protocol 2

AFF 20 mM PB, 0.35 M NaCl, pH 7.0

50 mM Tris-HCl, 0.25 M Arg HCl, 1 M NaCl,

pH 9.0 And 20 mM PB, pH 7.0 20 mM citrate buffer, pH 3.2

IEC with strong base anion

Sample from affinity elution, pH adjusted to 8.5 using TRIS

50 mM Tris-HCl, pH 8.5 50 mM Tris-HCl, 1 M NaCl, pH 8.5

(50HQ) buffer
IEC with strong acid cation = Sample from previous elution, diluted to conductivity 7mS/cm, 50 mM acetate buffer, 1 M NaCl, pH
(50HS) pH adjusted to 5.0 with acetic acid 50 mM acetate buffer, pH 5.0 5.0
Purification protocol 3
AFF 20 mM PB, 0.35 M NaCl, pH 7.0 50 mM Tris-HC, 0.25 M Arg HCl, 1 M Nacl, 20 mM citrate buffer, pH 3.2

pH 9.0 And 20 mM PB, pH 7.0

IEC with strong base anion

(50HQ) buffer

Sample from affinity elution, pH adjusted to 8.5 using TRIS

50 mM Tris-HCl, pH 8.5 50 mM Tris-HCl, 0.3 M NacCl, pH 8.5

HIC pH 7

Sample from IEC elution, conductivity adjusted to 80mS/cm,

50 mM Tris-HCl, 0.5 M ammonium
sulphate, pH 8.5; and 50 mM Tris-HCl, 0.35
M ammonium sulphate, pH 8.5

0.2 M Tris-HCl, pH 8.5

Abbreviations: AFF: Affinity Purification using rProteinA Seplife® Suno resin; HIC: Hydrophobic Interaction Chromatography; IEC: lon Exchange Chromatography.
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with a purity > 70%. The second and third steps are designed
to further remove aggregates [16], endotoxins [17], and host
cell proteins [18] remaining after the initial capture step.
Following this approach, in our sequential approach, we have
included a hydrophobic-based purification (HIC). In fact, HIC
presents notable benefits in aggregate removal, owing to the
increased surface hydrophobicity exhibited by aggregates
in comparison to monomers [19]. Since nanobodies belong
to that class of proteins that cannot be separated effectively
by using chromatography with a single mechanism, we also
evaluated the effect of charge-based purification. Aggregation
gives rise to protein surface coverage, leading to disparities
in surface charge when compared to individual monomers,
and aggregates are usually more tightly bound to the cation
exchange resin than monomeric proteins. On the other side,
endotoxins are usually eliminated in the flow-through when
using a strong acid cation resin and will bind to a strong base
anion resin, so we have also included an ion exchange step.

Each purification step is carefully designed to increase the
purity of the molecule of interest without compromising the
overall yield. The sequential chromatographic purification
described herein aims to achieve a final purity of = 95%
(determined by the SE-HPLC test) and the highest possible
overall yield, > 50%.

The chromatography resins selected for the second and
third purification steps were Seplife Phenyl Large Scale HP
(HIC), Seplife 30HS (30HS), Seplife 50HQ (50HQ), and Seplife
50HS (50HS). These resins were used in various combinations,
recognizing that the type of chromatographic interaction and
their order significantly impact process performance. The
details of the chromatography resins used in this work are
presented in Table 1.

The target was to evaluate the different nanobody-resin
interactions with the aim of gradually eliminating impurities
that have different or similar properties to the molecule of
interest. Besides the affinity capture by the protein A resin,
other interactions explored included ionic binding (IEC) to the
resin, either at a pH higher or lower than the isoelectric point
of the recombinant nanobody, and hydrophobic interactions
with phenyl functional groups on the HIC resin. During the
resin screening process, multimodal and other hydrophobic
interactions were also tested, but the results were poor (data
not shown).

Affinity purification using rProteinA Seplife Suno is the
key step in the purification process, and the chromatogram
illustrating this step is presented in Figure 1A. The AFF Suno
resin was independently designed and manufactured at
Sunresin and exhibits a high 10% dynamic binding capacity
(DBC) (> 70 mg/mL IgG at 5 min retention time [RT]) and
exceptional alkaline stability during cleaning-in-place (CIP)
with 1 M NaOH. The resin maintains over 85% DBC after 100
CIP cycles [15].

https://doi.org/10.29328 /journal.aac.1001053
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The fractions collected during the affinity purification
process have been tested by SDS-PAGE using reduced and
non-reduced methods and are shown in Figure 1B. The non-
reduced sample shows the molecule at 80 and 130kDa in the
quaternary structure while the reduced sample was treated
with a reducing agent to break the disulfide bonds formed
between cysteine amino acids and shows only the main
subunit of the recombinant nanobody at 40kDa.

The initial fermentation broth sample had a recombinant
nanobody purity of 40% which was increased to 70.5% after
the AFF capture step at a yield of 95%.

The elution sample collected during the AFF step was
diluted and pH adjusted as per Table 2 to suit the next
purification step.

Although all the purification steps described in Table 2 are
of interest, we are presenting here only the chromatographic
data corresponding to the last purification process using AFF
followed by IEC - 50HQ and then the last HIC step which
gave the best results. The summary of all three sequential
purification processes is presented in Table 3 indicating that
purification protocol 3 is the most successful.

In the purification protocol 3, the recombinant nanobody
purity after the IEC step with Seplife LXMS 50HQ increased
from 70.5% to 90.2% and the yield of the step was 85%;
Figure 2A represents the elution conditions applied in this
purification step. This chromatographic step mostly removes
the smaller molecular weight proteins that are HCP products
of the fermentation as indicated in Figure 2B.

The third purification step of Purification Protocol 3 is the
HIC step, which uses Seplife Phenyl Large Scale HP. The elution
fraction from the previous IEC-50HQ step was adjusted to pH
7.0 and increased in conductivity using ammonium sulfate to
promote hydrophobic interaction between the nanobody and
the resin (Table 2). The HIC purification profile is presented in
Figure 3A indicating the conductivity, pH, and overall elution
conditions.

As shown in Figure 3B, the HIC step further removed small
molecular weight HCP contaminants, increasing the purity of
the elution fraction to approximately 95%. The yield of the
chromatography step was 65%, primarily due to some sample
loss during the wash step.

The difference in yield between the various purification
processes (Table 3) is mainly related to the interaction
strength between the recombinant nanobody and the
chromatographic resin. For instance, the difference between
Protocols 2 and 3 lies in the final purification step, which
results in a significant yield difference of approximately 40%.
This occurs because a portion of the product is lost during
the washing steps and does not efficiently or fully elute from
the 50HS resin, instead being recovered in the CIP fraction.

https://www.advancechemjournal.com m
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Figure 1: (A) Chromatogram illustrating the affinity purification of the molecule on the rProteinA Seplife Suno. 100 ml feed at pH 6.3 and conductivity 40 mS/cm were loaded
(retention time 5 min), with a 10ml elution volume. (B) SDS-PAGE recorded using sample fractions from the affinity purification on rProteinA Seplife® Suno.
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Figure 2: (A) - Chromatogram illustrating the IEC step with Seplife® LXMS 50HQ. 15 ml of the AFF Suno elution was pH adjusted to 8.5 and injected in the second column at a

retention time 5 min. Elution was done in a step manner increasing the NaCl concentration to 17% for a first wash step and to 30% to elute the recombinant nanobody (10 ml elution
fraction). (B) SDS-PAGE reduced conditions to show the purity of the different fractions.

Table 3: Overall results for the three sequential purification processes.
Yield

Process route Purity

Advantages and Disadvantages

Protocol 1: AFF - HIC - 30HS 20% - 30% >95% High purity, low yield
Protocol 2: AFF - 50HQ - 50HS 10% - 20% >95% Very low yield, high purity, slightly higher activity
Protocol 3: AFF - 50HQ - HIC 50% - 60% >95% High yield, slightly lower purity
Abbreviations: AFF: Affinity Purification using rProteinA Seplife® Suno resin; HIC: Hydrophobic Interaction Chromatography; 50HQ: Strong Base Anion Resin Seplife LXMS 50HQ.

Similar issues with product loss in the wash and CIP fractions
were observed for purification protocol 1, contributing to its
low yield. Additionally, endotoxins can be retained by both the
IEC-50HQ and HIC chromatography steps, resulting in a purer
final product.

The results from Figure 4 show that the different
purification routes produce molecules with similar activity

in terms of virus inhibition, making the differentiating factor
the process yield. This confirms that purification protocol 3 is
suitable for producing the desired antibody molecule with an
effective inhibitory effect on the HB29 virus and the highest
yield.

The variety of interactions between the nanobody-Fc
fusion molecule and the chromatography media described in

https://doi.org/10.29328/journal.aac.1001053
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Figure 3: (A) - Chromatogram showing the elution profile of the recombinant nanobody purification by HIC using Seplife® Phenyl Large Scale HP. The elution fractions from the
previous IEC step have been conductivity and pH adjusted and loaded on the column at 5 minutes retention time. A wash step at 0.35 M ammonium sulphate in PB and elution step

with 0.2 M ammonium sulphate in PB pH 7.0 were applied. The elution fraction of 23 ml was collected representing the final product. (B) Reduced SDS-PAGE indicating the purity
of different elution fractions.

Reduced SDS-PAGE indicating the purity of different elution fractions.
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Figure 4: Recombinant nanobody samples obtained from the different purification

processes and from the AFF elution were compared in terms of inhibition rate against
SFTS HB29 virus showing similar results.

this paper showed that with careful selection and adjustment
of the operating condition, a purity of 95% was obtained
with suitable potency for the SFTS HB 29 virus inhibition.
Further work such as a further purification step (SEC) may be
considered to increase the molecule purity to 99.7% or even
changes in the upstream process may be beneficial to increase
the yield and purity of the downstream process.

Conclusion

We have presented the development of a procedure for the
purification of a recombinant nanobody-Fc fusion designed
for the treatment of SFTS virus HB29. Nanobodies efficiently
target the SFTS virus surface glycoprotein N, which plays
a critical role in patient survival, and they remain the most
promising approach for treating this disease.

In this paper, we developed and compared three

sequential purification technologies based on affinity, ion
exchange, and hydrophobic interaction. The goal of the work
was to evaluate the interactions between the nanobody and
the resin, with the aim of gradually eliminating impurities
with varying properties relative to the molecule of interest.
The study demonstrated that using a sequential process
comprising affinity purification with protein A resin, followed
by ion exchange and an HIC step, it is possible to improve yield
from 30% to 60% and achieve an increased total purity from
40% to 95%. Of course, this approach needs to be adapted to
the different protein sources. Screening of chromatography
techniques is important and represents a key step in the
development of a suitable manufacturing process. The
advancements in robotics and fast screening technologies
make this process faster and more efficient.
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