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(57) ABSTRACT

The present invention relates to the field of biochemistry and
pharmaceutical technologies. The present invention pro-
vides nanobodies that bind to human pulmonary surfactant
protein A (SP-A) as well as the preparing methods and use
of the same. The nanobody comprise an amino acid
sequence having the formula of Q(x),LVESGG(x),V(x),G
(OSLEOLS(M)5 B0, KG(0,8(x),5 (), Y(K)IC(X), 0
S(x),,5V(X),,sR; wherein x is amino acid; n2~n6 are positive
integers; 1=n2=<21; 1=n3<19; 1=n4=<50; 1=n5<22; 1=n6<8.
The present invention take fresh frozen sections of lung as
antigen, gene sequences with high affinity with hSP-A were
obtained by constructing an SP-A antibody library and
affinity selection, and nanobodies with high affinity and
small molecular weight were obtained by induced expres-
sion of the gene sequences through a prokaryotic expression
vector. Immunohistochemistry and in vivo imaging in nude
mice showed the nanobodies have high specificity for tar-
geting lung tissue.

3 Claims, 7 Drawing Sheets
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LUNG-TARGETING NANOBODIES AGAINST
HUMAN PULMONARY SURFACTANT
PROTEIN A AND A METHOD FOR
PRODUCING THE SAME

FIELD OF THE INVENTION

The present invention relates to the field of biochemistry
and pharmaceutical technologies, particularly to nanobodies
that bind to human pulmonary surfactant protein A (SP-A)
with specificity.

BACKGROUND OF THE INVENTION

In the beginning of 20th century, the Nobel Prize winner
German scientist Paul Ehrlich proposed the idea of “magic
bullet” for future drug development, i.e., an ideal drug that
would selectively destroy diseased cells without affecting
healthy cells. In the past several decades, scientists have
been exploring to develop such ideal drugs.

In the 1970s, targeted drug delivery system were devel-
oped and widely used for the treatment of cancer. Mean-
while, with the advancement of research, new targeted drug
delivery carriers have, emerged, the routes of administration
have, been broadened, and targeted drug delivery system
have been expanded to treat many diseases other than
cancet.

Developing targeted drugs for respiratory diseases is one
of the hotspots, and it is primarily focused on the following
areas:

1. Targeted treatment of airway diseases by inhalation.

Starting in the early 1950s, inhaled corticosteroids have
been used for the treatment of asthma and COPD. Since
then, with the improvement in inhaled drugs and devices,
inhaled corticosteroids have become the main therapeutic
agents for the treatment of asthma and COPD. However,
inhaled drugs are mainly suitable for topical treatment of
airway diseases, and are not effective against parenchyma
and interstitial lung diseases due to low bioavailability.

Passive lung-targeting drugs through drug carriers.

2. Currently, a variety of drug carriers such as liposomes,
microparticles, microspheres are used in the research of
lung-targeted drug delivery. However, these passive target-
ing drug carriers have poor tissue selectivity, and cannot
avoid significant residue in the liver, spleen and other
organs. Therefore, they don’t achieve optimal targeting
effect.

The ligand-receptor or antigen-antibody binding is a
special recognition mechanism of the human body, and it has
been reported that the mechanism could achieve active drug
targeting to enhance drug efficacy and reduce the side
effects. For example, a composite drug made of paclitaxel
liposomes and a monoclonal antibodies against the epider-
mal growth factor has anti-tumor effect 25 times greater then
that of the drug without the monoclonal antibody. Thus, to
achieve ideal active lung targeting effect, it is critical to find
a receptor in the lung tissue with high specificity and prepare
a targeting ligand with high affinity. Studies have shown that
pulmonary alveolar type I epithelial cells which account for
16% of the total cells in lung parenchyma have proliferation
and secretion functions. Type II cells can synthesize and
secrete pulmonary surfactant. The main components of the
pulmonary surfactant are lipids (90%) and proteins (10%),
and the proteins are specific pulmonary surfactant proteins
(SPs). SPs have been named as SP-A, SP-B, SP-C, SP-D,
based on the order of discovery, and SP-A was first discov-
ered and has strong expression in pulmonary alveolar type 11
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epithelial cells with abundant signals, and is rarely
expressed in other tissues. Thus, SP-A is highly lung-
specific, and is an ideal receptor in the lung tissue with
specificity.

In addition to high affinity, an ideal targeting ligand
should have a low molecular weight, high tissue penetration,
and weak immunogenicity. Antigen-antibody binding is the
strongest recognition mechanism, and therefore an antibody
is the preferred ligand. However, although of high affinity,
full antibodies are not ideal ligands due to their large
molecular weight (with a relative molecular weight of
150,000), weak tissue penetration and strong immunogenic-
ity. With the development of antibody and gene engineering
technologies, antibody fragments (Fab, ScFv) now have the
advantages of low molecular weight and weak immunoge-
nicity, but they have lower stability and affinity than full
antibodies.

In 1993, scientists from Belgium first reported the exis-
tence of Heavy Chain antibodies (HCAbs) without the light
chain in the blood of camelids. The variable domain (VHH)
of the heavy chains of HCAbs has a complete and indepen-
dent antigen-binding capacity, and if cloned, a single domain
antibodies in the nanometer scale which are known as
Nanobodies® (Nbs) can be obtained. A nanobody has many
advantages as a ligand: 1) small molecular weight, strong
tissue penetration, and high affinity. It has a molecular
weight of only 15,000 which is the lowest molecular weight
among the known antibody molecules; its ability to pen-
etrate tissues is significantly superior to full antibody, and its
affinity with specific antigen is of nmol scale. 2) Stable
structure. It can maintain stability even if stored at 37° C. for
a week, under high temperature (90° C.), or under strong
denaturing conditions such as being exposed to chaotropic
agent, protease and strong pH value. 3) Weak immunoge-
nicity. As its gene has high homology with human VH III
family, it has weak immunogenicity and good biocompat-
ibility. Because of these advantages, nanobodies have been
studied extensively as new antibody drugs, but their use as
targeted ligands for SP-A has not been reported.

SUMMARY OF THE INVENTION

The present invention provides a solution for the above-
mentioned deficiencies of the prior art. The prior application
CN104109207A discloses nanobodies that bind to rat’s
pulmonary surfactant protein A (SP-A)-, and the applicant
continues to work on the nanobodies that bind to human
pulmonary surfactant protein A (SP-A).

The present invention provides nanobodies that bind to
human pulmonary surfactant protein A (SP-A) as well as the
preparing methods and use of the same.

The present invention also provides nucleic acid encoding
nanobodies that bind to pulmonary surfactant protein A.

The technical solutions are as follows:

In accordance with the first aspect of the present inven-
tion, a lung-targeting nanobody is provided. The nanobody
comprises an amino acid sequence having the formula of
Q(x),LVESGG(x),V (x),G(x) SL(x) LS(X),4E (%), KG(X),4
S(x),5T(x), Y(X)C(X),,48(%),sV(X),sR; wherein x is any
amino acid; n2~n6 are positive integers; 1=n2=<21; 1=n3<19;
1=n4=50; 1=n5=22; 1=n6<8. Preferably, 17=n2<21;n3 is 18
or 19; 16=n4=<50; 17=n5<22; n6 is 7 or 8.

In accordance with another embodiment of the present
invention, the nanobody comprises an amino acid sequence
having the formula of Q(X,)LVESGG(X,)V(X5)G(X,)SL

(X5) LS8(X,) E(X;) KG(Xy) S(Xo) T(X0) Y(X;p) C(Xi2)
S(X,3) V(X,,)R, wherein



US 9,879,073 B2

3

X, is selected from a group consisting of LQ (SEQ ID
NO:16, 17, 18, 19, 20, 26, 30) and VK (SEQ ID NO:21, 22,
23, 24, 25, 27, 28, 29),

X, is selected from a group consisting of GS (SEQ ID
NO:21, 22, 23, 24, 25, 27, 28, 29), GL (SEQ ID NO:16, 17,
18, 19, 20, 26, 30) and DL (SEQ ID NO:17);

X, is selected from a group consisting of QS (SEQ ID
NO:30) and QP (SEQ ID NO:16, 18, 19, 20, 26);

X,is G (SEQIDNO:16, 17, 18, 19, 20, 21, 22, 23, 24, 25,
26, 27, 28, 29, 30),

X5 is selected from a group consisting of 1 (SEQ ID
NO:28), S, R (SEQ IDNO:16, 18, 21, 22, 23, 24, 25, 26, 27,
29, 30) and T (SEQ ID NO:17);

X, is selected from a group consisting of

(SEQ ID NO:21,22,23,24,25,27,28,29)
CTASGSDYRWMYIARFRQCPGKER,

(SEQ ID NO:16,26)
CAASEFTLDYYEIGWFRQAPGKDR,

(SEQ ID NO:20)
CAASGFNLDDYADIGWFRQAPGKER,

(SEQ ID NO:19)
CAVRGRDLDYYVIGWFRQAPGKER,

(SEQ ID NO:18)
CTASKFHLDSYAVAWFRQTPGKER,

(SEQ ID NO:30)
CAASGFTFNDYRMSWVRQAPGKGL

and

(SEQ ID NO:17)
CTASGTFKIYSMGWYRRPOR ;

X, is selected from a group consisting of

(SEQ ID NO:21,22,23,24,25,27,28,29)
GVAAIYTDDTDDSSPIYATSA,

(SEQ ID NO:16,26)
GLSCIGYSDRIAYYSESV,
(SEQ ID NO:20)
RVLCITISDGTTYYEDSG,
(SEQ ID NO:19)
GVSCINNSDDTTYYSDSV,
(SEQ ID NO:18)
AVSFINTSDDVTYFADSV,
(SEQ ID NO:30)
WVSDINSGGSSTYYADSV
and
(SEQ ID NO:17)
LVAEMLNGGDTQYSDSV;

Xy is RFTIRFSIRFTV;
X, is selected from a group consisting of

(SEQ ID NO:21,22,23,24,25,27,28,29)

QDKDKNAVYLQMNSPKPED,
(SEQ ID NO:16,26)

RDDATSTVSLYMDMMIPED,
(SEQ ID NO:20)

TDIAKNTVFLQMDSLKAED,
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-continued

(SEQ ID NO:19)
RDHAKNTVYLQMNNLKPED,

(SEQ ID NO:18)
RDNSKNTVYLQMNVLKPED,

(SEQ ID NO:30)
RDNAKNTLYLQMNS LKPED
and

(SEQ ID NO:17)
RTNNTMYLHMNNLKPED ;

X10 is AMGTALSIAIAV;

X, is any amino acid or NULL;
X, is selected from a group consisting of

(SEQ ID NO:21,22,23,24,25,27,28,29)
AARAFGGTWSLSSPDDFSANGQGTQVTVS,

(SEQ ID NO:16,26)
AGSVVEPYELLPAAEYDYWGQGTRVTVS,

(SEQ ID NO:20)
AGDPAPFCLYNTYVPRTWGQGTQVTVS,

(SEQ ID NO:19)
AADFDRLDFTVKAMCVMKFFYYWGQGTQVTVS,

(SEQ ID NO:18)
AAVRSPGPTGPSMOQPMWSVPDLYDYWGQGTQVTVS,

(SEQ ID NO:30)
VALLGRGCSGLVQGAFGPWGQGTQVTVS,

(SEQ ID NO:17)
NLODWYSEPAGDYWGPGTQVTVS;

X, is selected from a group consisting of

(SEQ ID NO:23,24,25,27,28,29)
GTNEVCKWPPRPCGRRCAGA,

(SEQ ID NO:16,20,26,30)
AHHSEDPGPRGLAAAGAP
and

(SEQ ID NO:17,18,19)
EPKTPKPQGPRGLAAAGAP;

X4 1s selected from a group consisting of (SEQ 1D NO:21,
22, 23, 24, 25, 26, 27, 28, 29) and PYPDPLEP (SEQ ID
NO:16, 17, 18, 19, 20, 26, 30).

Preferably, X, is Y, or V.

In accordance with another embodiment of the present
invention, the nanobody comprises an amino acid sequence
comprising any of SEQ ID NOs 16 to 30.

In accordance with the second aspect of the present
invention, the present invention provides nucleic acids
encoding the lung-targeting nanobody. Said nucleic acids
encode the nanobody described in claim 1.

In accordance with an embodiment of the present inven-
tion, the nucleic acid comprise a polynucleotide sequence
comprising any of SEQ ID NOs 1 to 15.

In accordance with the third aspect of the present inven-
tion, the present invention provides a method of preparing
the antibody, comprising the steps of:

Step 1: fresh frozen human lung tissue sections were
employed as antigen to screen the constructed nano-
body library;

Step 2: selecting strains with high affinity with human
pulmonary surfactant protein A and obtaining the rel-
evant gene protein sequences;
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Step 3: inducing the expression of the obtained gene
sequences in Step 2.

In the method, preferably, the nanobody library in step 1
is pre-built anti pulmonary surfactant protein A nanobody
libraries, by affinity selection.

Technical route of the method is shown in FIG. 9.

In accordance with the fourth aspect of the present
invention, the present invention provides the use of nano-
body as targeted ligand for SP-A.

In accordance with a preferred embodiment of the present
invention, the specific target of the nanobodies is pulmonary
surfactant protein A (SP-A).

SP-A was the first discovered pulmonary surfactant pro-
tein, has strong expression in pulmonary alveolar type II
epithelial cells with abundant signals, and is rarely
expressed in other tissues. SP-A is highly lung-specific, and
is an ideal lung-specific receptor. In accordance with
embodiments of the present invention, alpacas were immu-
nized with SP-A, an antibody library was built, affinity
selection was employed to screen and identify genes with
lung-targeting specificity, and SP-A nanobodies with high
affinity were obtained by prokaryotic expression. In vivo and
in vitro experiments were conducted to verify the nanobody
has high specificity for targeting lung tissue.

TABLE 1

Abbreviation of amino acid

Full name Abbreviation Abbreviation
alanine Ala A
arginine Arg R
asparagine Asn N
aspartic acid Asp D
cysteine Cys C
glutanine Gln Q
glutamic acid Glu E
Glyicine Gly G
histidine His H
isoleucine Ile I
leucine Leu L
lysine Lys K
methionine Met M
phenylalanine Phe F
proline Pro P
serine Ser S
threonine Thr T
tryptophan Trp w
tyrosine Tyr Y
valine Val \'

Specifically, constructed anti pulmonary surfactant pro-
tein A (SP-A) nanobody library is incubated in fresh frozen
sections of human lung, after several rounds of affinity
selection, human lung tissue SP-A nanobody libraries is
built, and 15 nanobodies strains which could bind human
lung SP-A efficiently are screened out. Sequencing analysis
showed they were all VHH sequences (nanobody
sequences).

Nb4 had the highest affinity, and were selected as the
preferred embodiments for prokaryotic expression to obtain
nanobodies with a molecular weight of about 190,000 and a
size of nanometer scale. In vitro Western Blot and ELISA
experiments, Nb4 showed good affinity with hSP-A, immu-
nohistochemistry and in vivo imaging results showed its
lung-targeting specificity as it could bind to natural SP-A in
the lung tissue.

In accordance to another embodiment of the present
invention, synthetic method was used to obtain the poly-
peptide of the human lung tissue nanobody.

To further optimize the human lung tissue nanobody of
the present invention, the active region of the polypeptide
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6

sequences of the selected clones were tested. Wherein the
polypeptide of Nb4 (without the MQAQKAG part, SEQ ID
NO:16) is obtained by synthetic method. Testing results
showed that the functional polypeptides of Nb4 still have
good lung-targeting distribution specificity after the removal
of MQAQKAG.

The present invention provides human pulmonary surfac-
tant protein A nanobody (hSPA-Nb) against the human
pulmonary surfactant protein A (SP-A). And through a
variety of methods are verified human lung tissue SPA-Nb
prepared by the invention has a good lung-targeting distri-
bution specificity. The operation flow of the present inven-
tion is shown in FIG. 8.

In accordance with embodiments of the present invention,
the human lung tissue SPA-Nb coding sequence refers to the
nucleotide sequence of the SPA-Nb polypeptide, such as the
sequences from SEQ ID NO:16 to SEQ ID NO:30 and its
degenerate sequence. The degenerate sequence refers to
sequences from SEQ ID NO:16 to SEQ ID NO:30 wherein
one or more codons were substituted.

Corresponding amino acid codon see FIG. 10.

The SPA-Nb coding sequences also include variants of
SEQ ID NO:16 to SEQ ID NO:30 that encoding proteins
with the same functions as SPA-Nb. Such variants include
(but are not limited to): the deletion, insertion or substitution
of'a plurality (usually 1-90, preferably 1-60, more preferably
1-20, most preferably 1-10) of nucleotides, and the adding at
the 5' and/or 3' end of a plurality of (typically less than 60,
preferably less than 30, more preferably less than 10, the top
for 5 or less) nucleotides.

Once the SPA-Nb coding sequence is obtained, large
quantities of the recombinant sequences can be obtained.
This is usually done by cloning the sequence into a vector,
and transferring to the cells, then using conventional meth-
ods to isolate the sequences from the proliferated host cell.

In addition, the sequences can also be obtained by syn-
thetic methods, as the length of the inhibitory factor of the
nanobodies of the present invention is short. Typically, a
number of small fragments can be synthesized first, and a
long fragment can be formed by linking the small fragments.

In accordance with the present invention, various forms of
vectors known in the art, such as those that are commercially
available, can be used. For example, using a commercially
available vector, the nucleotide sequence encoding the poly-
peptide of the invention can be operably linked to expression
control sequence to form a protein expression vector.

As used herein, the term “operably linked” means the
situation where part of the DNA sequence can affect the
activity of other part of the DNA sequence. For example,
DNA for a presequence or secretory leader is operably
linked to DNA for a polypeptide if it is expressed as a
preprotein that participates in the secretion of the polypep-
tide; a promoter or enhancer is operably linked to a coding
sequence if it affects the transcription of the sequence; or a
ribosome binding site is operably linked to a coding
sequence if it is positioned so as to facilitate translation.
Generally, “operably linked” means that the DNA sequences
being linked are contiguous, and, in the case of a secretory
leader, contiguous and in reading phase.

In accordance with embodiments of the present invention,
the term “host cell” includes prokaryotic cells and eukary-
otic cells. Examples of commonly used prokaryotic host
cells include Escherichia coli, Bacillus subtilis, etc. Com-
monly used eukaryotic host cells include yeast cells, insect
cells, and mammalian cells. Preferably, the host cell is a
eukaryotic cells, such as CHO cells, COS cells and the like.

The antibodies of the present invention can be prepared
by various techniques known to those skilled in the art. For
example, total protein extracted from fresh human lung
tissue serves as an antigen which verify antibody targeting
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and specificity. These fragments or functional regions can be
prepared using recombinant or synthesized by synthetic
peptide synthesizer. Antibodies that bind unmodified human
Iung SPA gene product could be produced by immunizing
animals with gene products of prokaryotic cells (such as E.
Coli); antibodies binding to post-translationally modified
forms thereof can be acquired by immunizing animals with
gene products produced by eukaryotic cells (e.g., yeast or
insect cells).

The technical solution of the present invention has the
following technical effects compared with the prior art:

The present invention provides nanobodies that bind to
human pulmonary surfactant protein A (hSP-A) with speci-
ficity. The present invention take fresh frozen sections of
lung as antigen, gene sequences with high affinity with
hSP-A were obtained by constructing an SP-A antibody
library and affinity selection, and nanobodies with high
affinity and small molecule weight were obtained by induced
expression of the gene sequences through a prokaryotic
expression vector. Immunohistochemistry and in vivo imag-
ing in nude mice showed the nanobodies have high speci-
ficity for targeting lung tissue. By providing nanobodies
with lung-targeting specificity, the present invention pro-
vides tools for further research on lung-targeting ligands for
targeted drug delivery for human lung diseases.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows Western blot and ELISA result of human
pulmonary surfactant protein A (hSP-A); 1A is the result of
Western blot for hSP-A (1: Mark, 2: hSP-A); 1B is the result
of ELISA (1: hSP-A, 2: negative protein).

FIG. 2A is PHAGE-ELISA of affinity selection; FIG. 2B
is comparison of the coding sequences of the 15 clones.

FIG. 3 is SDS-PAGE of human lung nanobody Nb4, (1:
Mark, 2: Nb4).

FIG. 4 is electron microscopy image of human lung tissue
nanobodies Nb4.

FIG. 5 shows the Western blot, ELISA results of purified
SPA-Nb; wherein SA for the Western blot (positive: SP-A-
mono-ant, 17: Nb4, negative: HIN1 nanobodies); 5B for the
ELISA test (-1: SP-A-mono-ant, 2: Nb4, 3: irrelevant nano-
body); * represent P=0.001, A represent P>0.05.

FIG. 6 is immunostaining result of human lung tissue
nanobody Nb4 with sliced tissues of human lung, heart,
liver, spleen, muscle.

FIG. 7 shows cell immunofluorescence result of human
lung tissue nanobodies Nb4 with A549, [.-02,293T cells.

FIG. 8 shows images of human lung tissue nanobodies
Nb4 with FITC mark in the body of nude mouse at different
times (respectively: after intravenous injection of 5 min, 15
min, 30 min, 45 min, 1 h, 1.5h, 2 h, 3 h).

FIG. 9 shows the preparation process of human lung
tissue hSPA-Nb.

FIG. 10 shows corresponding amino acid codons.

DETAILED DESCRIPTION

The present invention is further illustrated using the
following embodiments, but any of the embodiments or its
combinations thereof should not be construed as a limitation
to the scope of the present invention.

Example 1. The Preparation of Human Pulmonary
Surfactant Protein A (hSP-A)

1.1 the Preparation of Human Pulmonary Surfactant Protein
A (hSP-A)

Grind 5 mg fresh human lung tissue with the mixture of
protein lysate and PMSF in a tissue grinder for 3 min (60
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HZ, 908S), centrifuged supernatant, measuring protein con-
tent (BCA).
1.2 hSP-A Identification:
1.2.1 Western Blot:

Purified hSP-A was isolated by SDS-PAGE and trans-
ferred onto nitrocellulose membrane. It was sealed in 20%
goat serum and incubated for 2 hours, then immune serum
containing mouse polyclonal antibody against hSP-A (at
room temperature for 2 hours, and washed 3 times with
PBS) and serum containing anti-mouse 1gG-HRP (at room
temperature for 1 hours, washed 3 times with PBS) were
added sequentially. Scanning of fluorescence scanner and
photographs of the camera displays the target bands are
around 35 Kd, 70 Kd, 120 Kd, multiple bands (FIG. 1A).
1.2.2 ELISA Test:

ELISA test was performed to measure the immunological
activity of the purified protein. An ELISA plate with 96
wells were coated with purified hSP-A and an irrelevant
protein, and incubated overnight at 4° C. The next day, it was
sealed in 3% skim milk and incubated at 37° C. for an hour,
then immune serum containing hSP-A monoclonal antibody
(at room temperature for 2 hours, and washed 3 times with
PBS) and serum containing goat anti-mouse IgG-HRP (at
room temperature for 1 hours, washed 3 times with PBS)
were added sequentially. TMB was added last to develop the
image, and sulfuric acid was added to stop the reaction. The
OD value of each well was measured using the chromogenic
microplate, which showed that, compared with the control
group, both purified hSP-A and SP-A monoclonal antibodies
had obvious binding activity (FIG. 1B).

Example 2. Screening of hSPA-Specific Nanobody
(rSPA-Nb)

Affinity selection technique was employed to screen the
VHH antibody library with acetone fixed fresh frozen sec-
tions of human lung.

2.1 Simplified Procedure of Affinity Selection:

(1) fix fresh-frozen human lung slice with cold acetone for
30 min.

(2) wash the tubes 10 times using PBS, and dried by
shaking.

(3) The tubes were blocked using 20% goat serum (1 ml
serum was added in 4 ml PBS) and incubated for 2
hours at 37° C. The blocking solution was discarded,
and the tubes were washed 3 times using PBS and
dried.

(4) 200 pl of the prepared phage library was added to each
fresh human lung slice, and incubated overnight at 4°
C.

(5) The phage library on the slices was disposed, and the
slices were washed three times with PBS, and dried.

(6) coat host strain TG1 which OD600 is 0.8200 pl on
each slice, 37° C. 1 h, to wash away the bound phage
library; wash with PBS 10 times, drying, scraping the
tissue on the slide into 2YTAG, 3° C. until turbidity.
This completed the first round of selection, and the first
antibody library was obtained. The output of the anti-
body library was calculated.

(7) The selection steps were repeated for 3 times to obtain
the third antibody library.

2.2 Preliminary Selection of Positive Nanobodies Using
Indirect Phage ELISA.

(1) Single colonies obtained from the three rounds of
selections and grown on 2Y TAG plates were inoculated
into the 96-well culture plate at 30° C., and cultured
with shaking overnight.
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(2) 300 ul of M13KO07 helper phage was put in each well
of another 96-well culture plate (labeled P1 Plate) the
next day.

(3) 40 ul of cultured medium were taken from each well
of the Master Plate, which was cultured overnight, and
put in each well of the P1 Plate, and incubated at 37°
C. with shaking overnight. The culture supernatant was
prepared by centrifugation at 150 rpm for 20 minutes
set aside, and the recombinant antibody was obtained.

(4) A 96-well microtiter plate was coated with hSP-A and
incubated overnight at 4° C.

(5) 160 ul of recombinant antibody was mixed with 40 ul.
of MPBS, incubated for 20 minutes at room tempera-
ture. It was then added to blocked microtiter wells and
incubated overnight at 4° C.

(6) Washing and adding HRP secondary antibody: HRP-
labeled antibody against M13K07 was diluted 1:1000 in
PBS, 200 ul of that was added to each well, and incubated
and reacted for 1 hour at 37° C.

(7) 200 ul TMB substrate solution was added to each well,
incubated at 37° C. for about 45 minutes to develop the
image, 100 ul of stop solution was added to each well to stop
the development process, and measurements were taken at
450 nm. Preliminary screening was conducted to select
positive clones binding to hSP-A with specificity. If a clone
has affinity value greater than 3 times the affinity value for
the negative control great, then it is considered to be a
positive clone.

Preliminary screening by indirect Phage ELISA showed
that 15 sequences had affinity value greater three times the

1)

NO. 1, Nb4

5

10

15

20

25

10

affinity value for the negative control group, and these 15
sequences were positive clones (FIG. 2).

Example 3. Expression and Purification of
hSPA-Nb with Specificity

3.1 Construction of hSPA-Nb Prokaryotic Expression Vector
The 15 clones selected by Phage ELISA were sent for
sequencing (FIG. 3). No. 17 (Nb17) and No. 4 (Nb4) which
had high affinity were PCR amplified using clone plasmid
carrying BamH 1 and Xho 1 restriction sites. After the
restriction digest, it was cloned to PET-26b (+) plasmid, and
sent for sequencing.
3.2 Expression and Purification of Nanobodies

Recombinant plasmid with correct sequence was trans-
formed into E. coli BL21 (DE3), the expression conditions
were optimized, and protein expression was induced at 25°
C., 0.8 mmol/LL IPTG. The expressed product was purified
with nickel affinity chromatography and molecular sieve.
SDS-PAGE electrophoresis showed that the expressed nano-
body had a molecular weight of 19 kDa (FIG. 4). As
measured by BCA, the purified proteins had concentration
levels of 10 mg/lL and 12 mg/l., respectively. Observed
under the electron microscope, the size of the antibodies was
in the nanometer scale. (FIG. 5).

The 15 clones obtained by the present invention are
effective lung-targeting ligands as their nucleotide
sequences and amino acid sequences specifically bind to
SP-A, which are listed below:

1) Nucleotide sequence listing:

Nucleotide sequence listing:
(SEQ ID NO 1):

TTGCAGGCCCAGCTGGCCGGTCAGTTGCAGCTCGTGGAGT CGGGGGGAGG

CTTGGTGCAGCCTGGGGGGTCTCTGAGACTCTCCTGTGCAGCCTCTGAAT

TCACTTTGGATTATTATGAAATAGGCTGGTTCCGGCAGGCCCCGGGGAAG

GACCGTGAGGGGCTCTCATGTATTGGTTATAGTGACAGAATCGCGTATTA

TTCAGAGTCCGTGAAGGGCCGATTCACCACCGTCAGAGACGACGCCACGA

GCACGGTCTCTCTTTATATGGATATGATGATTCCAGAGGACACAGGCACT

TATTATTGTGCGGGGTCGGTTGTGGAGCCTTACGAGT TACTGCCAGCGGC

TGAATATGACTACTGGGGACAGGGGACCCGGGTCACTGTCTCCTCAGCGC

ACCACAGCGAAGACCCCGGCCCCCGAGGCCTTGCGGCCGCAGGTGCGCCG

GTGCCGTATCCGGATCCGCTGGAACCGCGTGCCGCA;

NO. 2, Nbé

(SEQ ID NO 2):

TGGCAGGCCCAGCTGGCCGTTCAGTTGCAGCTCGTGGAGTCTGGGGGAGA

CTTGGCGCAGCCTGGGGGGTCTCTGACACTCTCCTGTACAGCCTCTGGAA

CGTTCAAGATCTATTCCATGGGCTGGTACCGCCGCCCTCAGCGCGAGTTG

GTCGCGGAAATGCTTAATGGTGGTGACACACAATATTCAGACTCCGTGAA

GGGCCGATTCACCATCTCCAGAACCAACAACACGATGTATCTCCACATGA

ACAACCTGAAACCTGAGGACACGGCCGTCTATTATTGTAATCTACAGGAT

TGGTATAGCGAACCTGCGGGCGACTATTGGGGCCCGGGGACCCAGGTCALC

CGTCTCCTCAGCGCACCACAGCGAAGACCCCGGCCCCCGAGGCCTTGCGG

CCGCAGGTGCGCCGGTGCCGTATCCGGATCCGCTGGAACCGCGTGCCGC

A;
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-continued
NO. 3, Nbll (SEQ ID NO 3):
ATGCAGGCCCAGCTGGECCGET CAGT TGCAGCTCGTGGAGT CTGGGGCAGE

CTTGGTGCAGCCTGGGGGGTCTCTGAGACTCTCCTGTACAGCCTCTAAAT
TCCATTTGGATTCTTATGCCGTAGCCTGGTTCCGCCAGACCCCAGGGAAG
GAGCGTGAGGCGGTCTCATTTATAAATACTAGTGATGATGTCACATACTT
TGCTGACTCCGTAAAGGGCCGATTCACCATCTCCAGAGACAACTCCAAGA
ACACGGTATATCTGCAAATGAACGTCCTGAAACCAGAAGACACTTCTATT
TATGTGTGTGCAGCGGTAAGAAGTCCCGGCCCTACCGGCCCTAGTATGCA
GCCTATGTGGTCGGTGCCTGACCTGTATGACTACTGGGGCCAGGGGACCC
AGGTCACCGTCTCCTCAGCGCACCACAGCGAAGACCCCGGCCCCCGAGGC
CTTGCGGCCGCAGGTGCGCCGGTGCCGTATCCGGATCCGCTGGAACCGCG
TGCCGCA;

NO. 4, Nbl5 (SEQ ID NO 4):
ATGCAGGCCCAGCTGGCCGGTCAGTTGCAGCTCGTGGAGTCTGGGGGAGG

CTTGGTGCAGCCTGGGGGGTCTCTGAGCGTCTCCTGCGCAGTCCGAGGAC
GCGATTTGGATTATTATGTCATCGGTTGGTTCCGCCAGGCCCCAGGGAAG
GAGCGTGAGGGTGTTTCATGCATTAATAATAGTGATGATACCACATACTA
TTCAGACTCCGTGAAGGGCCGATTTACCATCTCGAGAGATCACGCCAAGA
ACACGGTATATCTCCAAATGAACAACCTGAAACCTGAGGACACCGCCCTT
TATTACTGTGCAGCGGATTTCGATCGCCTCGATTTTACTGTTAAGGCTAT
GTGTGTTATGAAGTTCTTT TACTACTGGGGCCAGGGGACGCAGGTCACCG
TCTCCTCAGAACCCAAGACACCAAAACCACAAGGCCCCCGAGGCCTTGCG
GCCGCAGGTGCGCCGGTGCCGTATCCGGATCCGCTGGAACCGCGTGCCGC
A;

NO. 5, Nbl7 (SEQ ID NO 5):
ATGCAGGCCCAGCTGGCCGTTCAGTTGCAGCTCGTGGAGTCAGGTGGAGG

CTTGGTGCAGCCTGGGGGGTCTCTGAGACTCGCCTGTGCAGCTTCTGGAT
TCAATTTGGATGATTATGCAGACATAGGCTGGTTCCGCCAGGCCCCAGGG
AAGGAGCGTGAACGAGTCCTTTGTATTACTATTAGTGATGGTACCACATA
CTATGAAGACTCCGGGAAGGGCCGATTCTCCATCTCCACAGACATCGCCA
AGAACACGGTGTTTCTTCAAATGGACAGCCTGAAAGCTGAGGACACAGCC
GTTTATTATTGTGCAGGAGATCCCGCCCCTTTTTGTCTCTATAACACCTA
TGTACCGCGAACCTGGGGCCAGGGGACCCAGGTCACCGTCTCCTCGGCGTC
ACCACAGCGAAGACCCCGGCCCCCGAGGCCTTGCGGCCGCAGGTGCGCCG
GTGCCGTATCCGGATCCGCTGGAACCGCGTGCCGCA;

NO. 6, Nb22 (SEQ ID NO 6):
CTCTTCTACAAGGTGTCCAGGCTCAGGTGAAGCTGGTGGAGTCTGGGGGA

GGCTCGGTGCAGGCTGGAGGGTCTCTGAGACTCTCCTGTACAGCCTCTGG
ATCAGACTACAGATGGATGTACATCGCCCGGTTTCGCCAATGTCCAGGGA
AGGAGCGCGAGGGGGTCGCAGCAATTTATACTGATGATACTGATGATAGT
AGTCCGATCTATGCCACCTCCGCCAAGGGCCGATTCACCATCTCCCAAGA
CAAGGACAAGAACGCGGTATATCTGCAAATGAACAGCCCGAAACCTGAGG

ACACTGCCATGTACTACTGTGCGGCAAGAGCGTTCGGTGGTACCTGGAGC

12
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TTGAGCTCCCCGGACGACTTTAGTGCCTGGGGCCAGGGGACCCAGGTCAC
CGTCTCCTCAGGAACGAATGAAGTATGCAAGTGGCCCCCGAGGCCTTGCG
GCCGCAGGTGCGCCGGTGCCGTATCCGGATCCGCTGGAACCGCGTGCCGC
ATAGACTGT;

NO. 7, Nb23 (SEQ ID NO 7):
TCTTCTACAAGGTGTCCAGGCTCAGGTGAAGCTGGTGGAGTCTGGGGGAG

GCTCGGTGCAGGCTGGAGGGTCTCTGAGACTCTCCTGTACAGCCTCTGGA
TCAGACTACAGATGGATGTACATCGCCCGGTTTCGCCAATGTCCAGGGAA
GGAGCGCGAGGGGGTCGCAGCAATTTATACTGATGATACTGATGATAGTA
GTCCGATCTATGCCACCTCCGCCAAGGGCCGATTCACCATCTCCCAAGAC
AAGGACAAGAACGCGGTATATCTGCAAATGAACAGCCCGAAACCTGAGGA
CACTGCCATGTACTACTGTGCGGCAAGAGCGTTCGGTGGTACCTGGAGCT
TGAGCTCCCCGGACGACTTTAGTGCCTGGGGCCAGGGGACCCAGGTCACC
GTCTCCTCAGGAACGAATGAAGTATGCAAGTGGCCCCCGAGGCCTTGCGG
CCGCAGGTGCGCCGGTGCCGTATCCGGATCCGCTGGAACCGCGTGCCGC
A;

NO. 8, Nb25 (SEQ ID NO 8):
TGCTCTTCTACAAGGTGTCCAGGCTCAGGTGAAGCTGGTGGAGTCTGGGG

GAGGCTCGGTGCAGGCTGGAGGGTCTC TGAGACTCTCCTGTACAGCCTCT
GGATCAGACTACAGATGGATGTACATCGCCCGGTTTCGCCAATGTCCAGE
GAAGGAGCGCGAGGGGGTCGCAGCAAT TTATACTGATGATACTGATGATA
GTAGTCCGATCTATGCCACCTCCGCCARGGGCCGATTCACCATCTCCCAR
GACAAGGACAAGAACGCGGTATATCTGCAAATGAACAGCCCGAAACCTGA
GGACACTGCCATGTACTACTGTGCGGCAAGAGCGTTCGGTGGTACCTGGA
GCTTGAGCTCCCCGGACGACTTTAGTGCCTGGGGCCAGGGGACCCAGGTC
ACCGTCTCCTCAGGAACGAATGAAGTATGCAAGTGGCCCCCGAGGCCTTG
CGGCCECAGETGCGECCGETGCCGTATCCGGAT CCGCTGGAACCGCGTGCC
GCA;

NO. 9, Nb2é (SEQ ID NO 9):
TCTTCTACAAGGTGTCCAGGCTCAGGTGAAGCTGGTGGAGTCTGGGGGAG

GCTCGGTGCAGGCTGGAGGGTCTCTGAGACTCTCCTGTACAGCCTCTGGA
TCAGACTACAGATGGATGTACATCGCCCGGTTTCGCCAATGTCCAGGGAA
GGAGCGCGAGGGGGTCGCAGCAATTTATACTGATGATACTGATGATAGTA
GTCCGATCTATGCCACCTCCGCCAAGGGCCGATTCACCATCTCCCAAGAC
AAGGACAAGAACGCGGTATATCTGCAAATGAACAGCCCGAAACCTGAGGA
CACTGCCATGTACTACTGTGCGGCAAGAGCGTTCGGTGGTACCTGGAGCT
TGAGCTCCCCGGACGACTTTAGTGCCTGGGGCCAGGGGACCCAGGTCACC
GTCTCCTCAGGAACGAATGAAGTATGCAAGTGGCCCCCGAGGCCTTGCGG
CCGCAGGTGCGCCGGTGCCGTATCCGGATCCGCTGGAACCGCGTGCCGCA

TAGACTGT ;

14
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NO. 10, Nb27 (SEQ ID NO 10):
TCTTCTACAAGGTGTCCAGGCTCAGGTGAAGCTGGTGGAGTCTGGGGGAG

GCTCGGTGCAGGCTGGAGGGTCTCTGAGACTCTCCTGTACAGCCTCTGGA
TCAGACTACAGATGGATGTACATCGCCCGGTTTCGCCAATGTCCAGGGAA
GGAGCGCGAGGGGGTCGCAGCAATTTATACTGATGATACTGATGATAGTA
GTCCGATCTATGCCACCTCCGCCAAGGGCCGATTCACCATCTCCCAAGAC
AAGGACAAGAACGCGGTATATCTGCAAATGAACAGCCCGAAACCTGAGGA
CACTGCCATGTACTACTGTGCGGCAAGAGCGTTCGGTGGTACCTGGAGCT
TGAGCTCCCCGGACGACTTTAGTGCCTGGGGCCAGGGGACCCAGGTCACC
GTCTCCTCAGGAACGAATGAAGTATGCAAGTGGCCCCCGAGGCCTTGCGG
CCGCAGGTGCGCCGGTGCCGTATCCGGATCCGCTGGAACCGCGTGCCGCA
TAGACTGT ;

NO. 11, Nb28 (SEQ ID NO 11):
ATGCAGGCCCAGCTGGCCGGTCAGTTGCAGCTCGTGGAGT CGGGGGGAGG

CTTGGTGCAGCCTGGGGGGTCTCTGAGACTCTCCTGTGCAGCCTCTGAAT
TCACTTTGGATTATTATGAAATAGGCTGGTTCCGGCAGGCCCCGGGGAAG
GACCGTGAGGGGCTCTCATGTATTGGT TATAGTGACAGAATCGCGTATTA
TTCAGAGTCCGTGAAGGGCCGATTCACCACCGTCAGAGACGACGCCACGA
GCACGGTCTCTCTTTATATGGATATGATGATT CCAGAGGACACAGGCACT
TATTATTGTGCGGGGTCGGTTGTGGAGCCTTACGAGTTACTGCCAGCGGC
TGAATATGACTACTGGGGACAGGGGACCCGGGTCACTGTCTCCTCAGCGC
ACCACAGCGAAGACCCCGGCCCCCGAGGCCTTGCGGCCGCAGGTGCGCCG
GTGCCGTATCCGGATCCGCTGGAACCGCGTGCCGCA;

NO. 12, Nb29 (SEQ ID NO 12):
TCTTCTACAAGGTGTCCAGGCTCAGGTGAAGCTGGTGGAGTCTGGGGGAG

GCTCGGTGCAGGCTGGAGGGTCTCTGAGACTCTCCTGTACAGCCTCTGGA
TCAGACTACAGATGGATGTACATCGCCCGGTTTCGCCAATGTCCAGGGAA
GGAGCGCGAGGGGGTCGCAGCAATTTATACTGATGATACTGATGATAGTA
GTCCGATCTATGCCACCTCCGCCAAGGGCCGATTCACCATCTCCCAAGAC
AAGGACAAGAACGCGGTATATCTGCAAATGAACAGCCCGAAACCTGAGGA
CACTGCCATGTACTACTGTGCGGCAAGAGCGTTCGGTGGTACCTGGAGCT
TGAGCTCCCCGGACGACTTTAGTGCCTGGGGCCAGGGGACCCAGGTCACC
GTCTCCTCAGGAACGAATGAAGTATGCAAGTGGCCCCCGAGGCCTTGCGG
CCGCAGGTGCGCCGGTGCCGTATCCGGATCCGCTGGAACCGCGTGCCGC
A;

NO. 13, Nb38 (SEQ ID NO 13):
TCTTCTACAAGGTGTCCAGGCTCAGGTGAAGCTGGTGGAGTCTGGGGGAG

GCTCGGTGCAGGCTGGAGGGTCTCTGATACTCTCCTGTACAGCCTCTGGA
TCAGACTACAGATGGATGTACATCGCCCGGTTTCGCCAATGTCCAGGGAA
GGAGCGCGAGGGGGTCGCAGCAATTTATACTGATGATACTGATGATAGTA
GTCCGATCTATGCCACCTCCGCCAAGGGCCGATTCACCATCTCCCAAGAC

AAGGACAAGAACGCGGTATATCTGCAAATGAACAGCCCGAAACCTGAGGA

16
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CACTGCCATGTACTACTGTGCGGCARGAGCGTTCGGTGGTACCTGGAGCT

TGAGCTCCCCGGACGACTTTAGTGCCTGGGGCCAGGGGACCCAGGTCACC
GTCTCCTCAGGAACGAATGAAGTATGCAAGTGGCCCCCGAGGCCTTGCGG
CCGCAGGTGCGCCGGTGCCGTATCCGGATCCGCTGGAACCGCGTGCCGC
A;

NO. 14, Nb39 (SEQ ID NO 14):
TCTTCTACAAGGTGTCCAGGCTCAGGTGAAGCTGGTGGAGTCTGGGGGAG

GCTCGGTGCAGGCTGGAGGGTCTCTGAGACTCTCCTGTACAGCCTCTGGA
TCAGACTACAGATGGATGTACATCGCCCGGTTTCGCCAATGTCCAGGGAA
GGAGCGCGAGGGGGTCGCAGCAATTTATACTGATGATACTGATGATAGTA
GTCCGATCTATGCCACCTCCGCCAAGGGCCGATTCACCATCTCCCAAGAC
AAGGACAAGAACGCGGTATATCTGCAAATGAACAGCCCGAAACCTGAGGA
CACTGCCATGTACTACTGTGCGGCAAGAGCGTTCGGTGGTACCTGGAGCT
TGAGCTCCCCGGACGACTTTAGTGCCTGGGGCCAGGGGACCCAGGTCACC
GTCTCCTCAGGAACGAATGAAGTATGCAAGTGGCCCCCGAGGCCTTGCGG
CCGCAGGTGCGCCGGTGCCGTATCCGGATCCGCTGGAACCGCGTGCCGC
A;

NO. 15, Nb43 (SEQ ID NO 15):
ATGCAGGCCCAGCTGGCCGTTCAGTTGCAGCTCGTGGAGT CGGGGGGAGG

CTTGGTGCAATCTGGGGGGTCTCTGAGACTCTCCTGTGCAGCCTCTGGAT
TCACTTTCAATGACTATCGCATGAGCTGGGTCCGCCAGGCTCCAGGARAG
GGGCTCGAGTGGGTCTCAGATATTAACAGTGGTGGTAGTAGTACATACTA
TGCAGACTCCGTGAAGGGCCGATTCACCGTCTCCAGAGACAACGCCAAGA
ACACGCTGTATCTGCAAATGAACAGCCTGAAACCTGAGGACACGGCCATT
TACTACTGTGTGGCCCTACTTGGGCGCGGTTGTTCAGGCTTGGTTCAGGG
GGCCTTTGGACCCTGGGGCCAGGGGACCCAGGTCACCGTCTCCTCGGCGC
ACCACAGCGAAGACCCCGGCCCCCGAGGCCTTGCGGCCGCAGGTGCGCCG
GTGCCGTATCCGGATCCGCTGGAACCGCGTGCCGCA;
2) Amino acid sequence listing:
NO. 16, Nb4 (SEQ ID NO 16):

1 LOAQLAGQLQ LVESGGGLVQ PGGSLRLSCA ASEFTLDYYE

61 SDRIAYYSES VKGRFTTVRD DATSTVSLYM DMMIPEDTGT
121 YWGQGTRVTV SSAHHSEDPG PRGLAAAGAP VPYPDPLEPR
NO. 17, Nbé (SEQ ID NO 17):

1 WOAQLAVQLQ LVESGGDLAQ PGGSLTLSCT ASGTFKIYSM

61 QYSDSVKGRF TISRTNNTMY LHMNNLKPED TAVYYCNLQD
121 AHHSEDPGPR GLAAAGAPVP YPDPLEPRAA;
NO. 18, Nbll (SEQ ID NO 18):

1 MQAQLAGQLQ LVESGGGLVQ PGGSLRLSCT ASKFHLDSYA

61 SDDVTYFADS VKGRFTISRD NSKNTVYLOM NVLKPEDTSI
121 VPDLYDYWGQ GTQVTVSSAH HSEDPGPRGL AAAGAPVPYP
NO. 19, Nbl5 (SEQ ID NO 19):

1 MQAQLAGQLQ LVESGGGLVQ PGGSLSVSCA VRGRDLDYYV
61 SDDTTYYSDS VKGRFTISRD HAKNTVYLQOM NNLKPEDTAL

IGWFRQAPGK
YYCAGSVVEP
AR;

GWYRRPQREL
WYSEPAGDYW

VAWFRQTPGK
YVCAAVRSPG
DPLEPRAA

IGWFRQAPGK
YYCAADFDRL

121 KFFYYWGQGT QVTVSSEP KTPKPQGPRG LAAAGAPVPY PDLEPRAA;

NO. 20, Nbl7 (SEQ ID NO 20):
1 MQAQLAVQLQ LVESGGGLVQ PGGSLRLACA ASGFNLDDYA
61 ISDGTTYYED SGKGRFSIST DIAKNTVFLQ MDSLKAEDTA

DIGWFRQAPG
VYYCAGDPAP

121 TWGQGTQVTV SSAHHSEDPG PRGLAAAGAP VPYPDPLEPRAA;

DREGLSCIGY
YELLPAAEYD

VAEMLNGGDT
GPGTQVTVSS

EREAVSFINT
PTGPSMQPMW

EREGVSCINN
DFTVKAMCVM

KERERVLCIT
FCLYNTYVPR

18
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NO. 21, Nb22 (SEQ ID NO 21):
1 LLQGVQAQVK LVESGGGSVQ AGGSLRLSCT ASGSDYRWMY IARFRQCPGK EREGVAAIY
61 TDDTDDSSPI YATSAKGRET ISQDKDKNAV YLQMNSPKPE DTAMYYCAAR AFGGTWSLSS
121 PDDFSAWGQG TQVTVSSGTN EVCKWPPRPC GRRCAGAVSG SAGTACRIDC
NO. 22, Nb23 (SEQ ID NO 22):
1 LLQGVQAQVK LVESGGGSVQ AGGSLRLSCT ASGSDYRWMY IARFRQCPGK EREGVAAIYT
61 DDTDDSSPIY ATSAKGRFTI SQDKDKNAVY LQMNSPKPED TAMYYCAARA FGGTWSLSSP
121 DDFSAWGQGT QVTVSSGTNE VCKWPPRPCG RRCAGAVSGS AGTACRIDC
NO. 23, Nb25 (SEQ ID NO 23):
1 ALLQGVQAQV KLVESGGGSV QAGGSLRLSC TASGSDYRWM YIARFRQCPG KEREGVAATY
61 TDDTDDSSPI YATSAKGRET ISQDKDKNAV YLQMNSPKPE DTAMYYCAAR AFGGTWSLSS
121 PDDFSAWGQG TQVTVSSGTN EVCKWPPRPC GRRCAGAVSG SAGTACRIDC
NO. 24, Nb26 (SEQ ID NO 24) :
1 LLQGVQAQVK LVESGGGSVQ AGGSLRLSCT ASGSDYRWMY IARFRQCPGK EREGVAAIYT
61 DDTDDSSPIY ATSAKGRFTI SQDKDKNAVY LQMNSPKPED TAMYYCAARA FGGTWSLSSP
121 DDFSAWGQGT QVTVSSGTNE VCKWPPRPCG RRCAGAVSGS AGTACRIDC
NO. 25, Nb27 (SEQ ID NO 25):
1 LLQGVQAQVK LVESGGGSVQ AGGSLRLSCT ASGSDYRWMY IARFRQCPGK EREGVAAIYT
61 DDTDDSSPIY ATSAKGRFTI SQDKDKNAVY LQMNSPKPED TAMYYCAARA FGGTWSLSSP
121 DDFSAWGQGT QVTVSSGTNE VCKWPPRPCG RRCAGAVSGS AGTACRIDC
NO. 26, Nb28 (SEQ ID NO 26) :
1 MOAQLAGQLQ LVESGGGLVQ PGGSLRLSCA ASEFTLDYYE IGWFRQAPGK DREGLSCIGY
61 SDRIAYYSES VKGRETTVRD DATSTVSLYM DMMIPEDTGT YYCAGSVVEP YELLPAAEYD
121 YWGQGTRVTV SSAHHSEDPG PRGLAAAGAP VPYPDPLEPR AA;
NO. 27, Nb29 (SEQ ID NO 27):
1 LLQGVQAQVK LVESGGGSVQ AGGSLRLSCT ASGSDYRWMY IARFRQCPGK EREGVAAIYT
61 DDTDDSSPIY ATSAKGRFTI SQDKDKNAVY LQMNSPKPED TAMYYCAARA FGGTWSLSSP
121 DDFSAWGQGT QVTVSSGTNE VCKWPPRPCG RRCAGAVSGS AGTACRIDC
NO. 28, Nb38 (SEQ ID NO 28):
1 LLQGVQAQVK LVESGGGSVQ AGGSLILSCT ASGSDYRWMY IARFRQCPGK EREGVAAIYT
61 DDTDDSSPIY ATSAKGRFTI SQDKDKNAVY LQMNSPKPED TAMYYCAARA FGGTWSLSSP
121 DDFSAWGQGT QVTVSSGTNE VCKWPPRPCG RRCAGAVSGS AGTACRIDC
NO. 29, Nb39 (SEQ ID NO 29):
1 LLQGVQAQVK LVESGGGSVQ AGGSLRLSCT ASGSDYRWMY IARFRQCPGK EREGVAAIYT
61 DDTDDSSPIY ATSAKGRFTI SQDKDKNAVY LQMNSPKPED TAMYYCAARA FGGTWSLSSP
121 DDFSAWGQGT QVTVSSGTNE VCKWPPRPCG RRCAGAVSGS AGTACRIDC
NO. 30, Nb43 (SEQ ID NO 30) :
1 MOAQLAVQLQ LVESGGGLVQ SGGSLRLSCA ASGFTFNDYR MSWVRQAPGK GLEWVSDINS
61 GGSSTYYADS VKGRFTVSRD NAKNTLYLQM NSLKPEDTAI YYCVALLGRG CSGLVQGAFG
121 PWGQGTQVTV SSAHHSEDPG PRGLAAAGAP VPYPDPLEPR AA.

Example 4. Testing of hSPA-Nb’s Lung-Specificity

To further verify the affinity between hSPA-Nb and
human pulmonary surfactant protein A, and whether hSPA-
Nb has lung-specificity, Western blot and ELISA were used
to preliminarily measure the antigen specificity of hSPA-Nb,
and immunohistochemistry and in vivo imaging were used
to verify its lung-specificity in vivo.

4.1 Western Blot and ELISA

Purified human lung tissue SPA-Nb4, irrelevant nanobody
(HIN1 nanobodies) and commercial anti-human SP-A
monoclonal antibody were selected as the primary antibody
to test the affinity between SPA-Nb4 and hSPA using West-
ern blot and ELISA (using the same method described in
section 1.2). The results showed that Nb4 had significant
binding specificity with hSPA (FIG. 6A, 6B).

4.2 Cell Immunofluorescence

When A549 (lung), L-02 (liver), 293T (kidney) cells were
grown and cover the cell plates to 95%-100%, PBS washed
3 times, incubated in fixative 30 min, PBS washed 3 times,
0.2% Triton X-100 permeabilization 5 min, blocked for 1 h
by 20% goat serum, diluted primary antibody (human lung
tissues Nb4-Fitc) for the experimental group, anti-human
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SP-A monoclonal antibody as a positive control group, and
HINI1-Fitc nanobodies as a negative control group) was
dropped on. The secondary antibody was anti-mouse-IgG-
APC. The results showed that Nb4 and SPA monoclonal
antibody (SPA-monopoly-ant) had significant binding effect
with human lung tissue (shown as green/red), wherein the
human lung tissue Nb4 binding ability is similar with
SPA-monopoly-ant. All three antibodies had no obvious
binding effect with human heart, liver, spleen, kidney,
muscle tissues, nor had the negative control group (FIG. 7).
4.3 Immunohistochemistry

The fresh human lung, liver, spleen, kidney and other
tissue sections were fixed, diluted primary antibody (human
lung tissues Nb4 for the experimental group, SP-A mono-
clonal antibody as a positive control group, and HIN1
nanobodies as a negative control group) was dropped on.
The secondary antibody was His-IgG-HRP or anti-mouse-
IgG-HRP. The results showed that human lung tissues Nb4
and SPA monoclonal antibody (SPA-monopoly-ant) had
significant binding effect with human lung tissue (shown as
brown), wherein Nb4 binding ability is similar with SPA-
monopoly-ant. All three antibodies had no obvious binding
effect with human heart, liver, spleen, kidney, muscle tis-
sues, nor had the negative control group (FIG. 8).
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4.4 In Vivo Lung-Specificity Testing Using FITC-Marked
Nanobody in Mice

Sequence homology analysis showed that there is a high
degree of homology between the amino acid sequence of
human and mouse rSPA. Since it is easier to obtain in vivo
imaging using nude mice, nude mice were chosen for testing
specificity in vivo. Five-week-old nude mice were chosen,
and after continuous inhalation anesthesia, 200 ul FITC-
labeled nanobody was injected intravenously at the tail, and

5
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same polypeptide sequence, human lung tissues Nb28 and
Nb4 had high sequence similarity; while the rest of the
sequences were quite different.

To further verify that the 15 nanobody sequences exhibits
lung-targeting affinity with SP-A, 8 clones (excluding those
with the same sequence as Nb4) were expressed and purified
in accordance with the method described in Examples 5 and
6. Soluble expressions of these nanobodies were obtained,
where Nb1 has the least protein expression concentration of

the dose was 1 mg/kg of the animal body weight. The nude 10 3 mg/L, while the rest of nanobodies have an average protein
mice were imaged at 5 minutes, 15 minutes, 30 minutes, 45 expression concentration of 8 mg/L.
minutes, 1 hour, 2 hours, 3 hours after the injection, respec- In Western blot and ELISA, affinity was clearly shown in
tively. At the same time, 200 ul HIN1-Fitc nanobody was  all 6 proteins, and the OD450 value in ELISA for 5 nano-
injected intravenously at the tail as the negative control ~ bodies, namely human lung tissues Nb11, Nb15, Nb17, Nb6
group (FIG. 9). The results showed that 15 minutes after 15 and Nb43 were 2 times greater than that of the negative
intravenous injection, the FITC-labeled nanobody began to control group. Immunohistochemical staining showed that
clearly cluster in the lung. 2 hours after the injection, the these clones had strong affinity. All clones showed signifi-
clustering in the lung was still obvious, and the lung- cant differences with the negative control group.
targeting effect was similar to that of the nasal inhalation. In vivo specificity testing in mice showed that five nano-
The above experiment was repeated using the functional 20 bodies, namely Nb11l, NB15, NB17, NB6 and Nb43 had
region of the polypeptides of synthetic human lung tissues specificity similar to that of Nb17; while there were varia-
Nb4 (SEQ ID NO:16 and Nb17 (SEQ ID NO:20) (without tions in the clustering effect, all the images exhibited obvi-
the MQAQKAG portion). It was found that the synthetic ~ ous clustering in the lung.
polypeptides also bound to hSPA with specificity, and clus- Above mentioned specific embodiments of the present
tered around the lung in vivo testing. 25 invention are presented for purposes of illustration and
description, but is not intended to be exhaustive or limited
Example 5. Clone Protein Expression and Targeting to the invention in the form disclosed. Many modifications
Detection and variations will be apparent to those of ordinary skill in
the art without departing from the scope and spirit of the
Sequence homology comparative analysis was conducted 30 invention. Thus, equality of changes and modifications
on the selected 15 sequences, and it was found that human without departing from the spirit and scope of the invention
lung tissues Nb23, Nb25, Nb27, Nb29 and Nb39 had the shall fall within the scope of the invention.
SEQUENCE LISTING
<160> NUMBER OF SEQ ID NOS: 30
<210> SEQ ID NO 1
<211> LENGTH: 486
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: single domain antibody
<400> SEQUENCE: 1
ttgcaggcce agcetggecgg tcagttgeayg ctegtggagt cggggggagyg cttggtgcag 60
cctggggggt ctetgagact ctectgtgea gectctgaat tcactttgga ttattatgaa 120
ataggctggt tccggecagge cccggggaag gaccgtgagyg ggcetctcatyg tattggttat 180
agtgacagaa tcgegtatta ttcagagtec gtgaagggec gattcaccac cgtcagagac 240
gacgccacga gcacggtcete tetttatatg gatatgatga ttccagagga cacaggcact 300
tattattgtg cggggteggt tgtggagect tacgagttac tgccagegge tgaatatgac 360
tactggggac aggggaccceg ggtcactgte tectcagege accacagega agaccecgge 420
cceegaggee ttgeggecge aggtgegecyg gtgecgtate cggatceget ggaaccgegt 480
gcegca 486
<210> SEQ ID NO 2
<211> LENGTH: 450
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: single domain antibody
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-continued
<400> SEQUENCE: 2
tggcaggccee agctggecgt tcagttgecag ctegtggagt ctgggggaga cttggegcag 60
cctggggggt ctetgacact ctectgtaca gectcetggaa cgttcaagat ctattccatg 120
ggctggtace gecgecctca gegegagttyg gtegeggaaa tgcttaatgg tggtgacaca 180
caatattcag actccgtgaa gggccgatte accatctcca gaaccaacaa cacgatgtat 240
ctccacatga acaacctgaa acctgaggac acggccgtet attattgtaa tctacaggat 300
tggtatageg aacctgeggg cgactattgg ggcccgggga ccecaggtcac cgtctectca 360
gegeaccaca gcgaagacce cggeccccga ggecttgegg cegcaggtge gecggtgecg 420
tatccggatce cgctggaacc gegtgccgca 450
<210> SEQ ID NO 3
<211> LENGTH: 330
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: single domain antibody
<400> SEQUENCE: 3
atgcaggcce agctggecgg tcagttgecag ctegtggagt ctgggggagyg cttggtgcag 60
cetggggggt ctcetgagact ctectgtaca gectctaaat tecatttgga ttcettatgece 120
gtagcctggt tcecgecagac cccagggaag gagcegtgagg cggtctcatt tataaatact 180
agtgatgatg tcacatactt tgctgactcc gtaaagggec gattcaccat ctccagagac 240
aactccaaga acacggtata tctgcaaatg aacgtcctga aaccagaaga cacttctatt 300
artccggatce cgctggaacc gegtgccgca 330
<210> SEQ ID NO 4
<211> LENGTH: 501
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: single domain antibody
<400> SEQUENCE: 4
atgcaggcce agctggecgg tcagttgecag ctegtggagt ctgggggagyg cttggtgcag 60
cetggggggt ctetgagegt ctectgegea gtecgaggac gegatttgga ttattatgte 120
atcggttggt tccgecagge cccagggaag gagcegtgagyg gtgtttcatg cattaataat 180
agtgatgata ccacatacta ttcagactcc gtgaagggec gatttaccat ctcgagagat 240
cacgccaaga acacggtata tctccaaatg aacaacctga aacctgagga caccgecctt 300
tattactgtg cagcggattt cgatcgcctce gattttactg ttaaggctat gtgtgttatg 360
aagttectttt actactgggg ccaggggacg caggtcacceg tctectcaga acccaagaca 420
ccaaaaccac aaggcccccg aggcecttgeg gecgcaggtyg cgecggtgece gtatccggat 480
ccgctggaac cgcegtgcecge a 501
<210> SEQ ID NO 5
<211> LENGTH: 486
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: single domain antibody
<400> SEQUENCE: 5
atgcaggcce agctggecgt tcagttgecag ctegtggagt caggtggagyg cttggtgcag 60
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25

-continued

26

cetggggggt ctetgagact cgectgtgea gettetggat tcaatttgga

gacataggct ggttccgeca ggccccaggg aaggagcegtg aacgagtect

attagtgatg gtaccacata ctatgaagac tccgggaagg gecgattcete

gacatcgceca agaacacggt gtttcttcaa atggacagece tgaaagetga

gtttattatt gtgcaggaga tccecgeccct ttttgtetet ataacaccta

acctggggece aggggaccca ggtcaccegte tecteggege accacagega

ccecegaggece ttgeggecge aggtgegeeg gtgecgtate cggatcceget

geecgea

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 6

LENGTH: 509

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: single domain antibody

SEQUENCE: 6

ctcttetaca aggtgtecag getcaggtga agetggtgga gtetggggga

aggctggagyg gtctetgaga ctetectgta cagectetgg atcagactac

acatcgecceg gtttegecaa tgtccaggga aggagegega gggggtcegea

ctgatgatac tgatgatagt agtccgatct atgeccaccte cgccaagggce

tcteccaaga caaggacaag aacgcggtat atctgcaaat gaacagccceg

acactgccat gtactactgt geggcaagag cgtteggtgg tacctggage

cggacgactt tagtgectgg ggeccagggga cccaggtcac cgtctectca

aagtatgcaa gtggccceeg aggecttgeg gecgecaggtyg cgeceggtgece

cegetggaac cgegtgecge atagactgt

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 7

LENGTH: 500

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: single domain antibody

SEQUENCE: 7

tcttctacaa ggtgtecagg ctcaggtgaa getggtggag tetgggggag

ggctggaggg tctctgagac tcetectgtac agectctgga tcagactaca

catcgecegg tttegecaat gtecagggaa ggagegegag ggggtegeag

tgatgatact gatgatagta gtccgatcta tgccacctece gecaagggece

ctcccaagac aaggacaaga acgcggtata tctgcaaatg aacagcccga

cactgccatg tactactgtg cggcaagage gtteggtggt acctggaget

ggacgacttt agtgcctggg gccaggggac ccaggtcace gtcetectcag

agtatgcaag tggccccega ggecttgegg cegeaggtge gecggtgecg

cgctggaace gegtgecgea

<210>
<211>
<212>
<213>
<220>

SEQ ID NO 8

LENGTH: 503

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

tgattatgca

ttgtattact

catctccaca

ggacacagcce

tgtaccgega

agacceccgge

ggaaccgegt

ggCthgth

agatggatgt

gcaatttata

cgattcacca

aaacctgagyg

ttgagctece

ggaacgaatg

gtatceggat

geteggtgea

gatggatgta

caatttatac

gattcaccat

aacctgagga

tgagctcece

gaacgaatga

tatccggatce

120

180

240

300

360

420

480

486

60

120

180

240

300

360

420

480

509

60

120

180

240

300

360

420

480

500
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-continued

<223>

<400>

OTHER INFORMATION: single domain antibody

SEQUENCE: 8

tgctctteta caaggtgtece aggctcaggt gaagetggtyg gagtetgggg

gcaggctgga gggtctetga gactctectyg tacagectet ggatcagact

gtacatcgee cggtttegec aatgtccagg gaaggagcege gagggggteg

tactgatgat actgatgata gtagtcecgat ctatgccace tccgccaagg

catctcccaa gacaaggaca agaacgeggt atatctgcaa atgaacagcec

ggacactgce atgtactact gtgcggcaag agcegtteggt ggtacctgga

cceggacgac tttagtgect ggggecaggg gacccaggte accgtetect

tgaagtatge aagtggccce cgaggecttg cggecgeagg tgegeeggtg

atccgetgga accgegtgece gea

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 9

LENGTH: 508

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: single domain antibody

SEQUENCE: 9

tcttctacaa ggtgtecagg ctcaggtgaa getggtggag tetgggggag

ggctggaggg tctctgagac tcetectgtac agectctgga tcagactaca

catcgecegg tttegecaat gtecagggaa ggagegegag ggggtegeag

tgatgatact gatgatagta gtccgatcta tgccacctece gecaagggece

ctcccaagac aaggacaaga acgcggtata tctgcaaatg aacagcccga

cactgccatg tactactgtg cggcaagage gtteggtggt acctggaget

ggacgacttt agtgcctggg gccaggggac ccaggtcace gtcetectcag

agtatgcaag tggccccega ggecttgegg cegeaggtge gecggtgecg

cgctggaace gegtgecgea tagactgt

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 10
LENGTH: 508

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: single domain antibody

SEQUENCE: 10

tcttctacaa ggtgtecagg ctcaggtgaa getggtggag tetgggggag

ggctggaggg tctctgagac tcetectgtac agectctgga tcagactaca

catcgecegg tttegecaat gtecagggaa ggagegegag ggggtegeag

tgatgatact gatgatagta gtccgatcta tgccacctece gecaagggece

ctcccaagac aaggacaaga acgcggtata tctgcaaatg aacagcccga

cactgccatg tactactgtg cggcaagage gtteggtggt acctggaget

ggacgacttt agtgcctggg gccaggggac ccaggtcace gtcetectcag

agtatgcaag tggccccega ggecttgegg cegeaggtge gecggtgecg

cgctggaace gegtgecgea tagactgt

gaggctcggt
acagatggat
cagcaattta
gecgattcac
cgaaacctga
gettgagete
caggaacgaa

ccgtateegy

geteggtgea
gatggatgta
caatttatac
gattcaccat
aacctgagga
tgagctcece
gaacgaatga

tatccggatce

geteggtgea

gatggatgta

caatttatac

gattcaccat

aacctgagga

tgagctcece

gaacgaatga

tatccggatce

60

120

180

240

300

360

420

480

503

60

120

180

240

300

360

420

480

508

60

120

180

240

300

360

420

480

508
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-continued

30

<210>
<211>
<212>
<213>
<220>
<223>
<400>
atgcag
cctggg
ataggc
agtgac
gacgce
tattat
tactgg
ccecga
geecgea
<210>
<211>
<212>
<213>
<220>
<223>
<400>
tcttet
ggetgg
catcge
tgatga
cteeca
cactge
ggacga
agtatg
cgetygyg
<210>
<211>
<212>
<213>
<220>
<223>

<400>

tcttet

ggetgg

catcge

tgatga

ctececa

cactge

ggacga

SEQ ID NO 11
LENGTH: 486

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: single domain antibody

SEQUENCE: 11

gcee agetggecgyg tcagttgcag ctegtggagt cggggggagy
gggt ctctgagact ctectgtgca gectetgaat tcactttgga
tggt tceggecagge cccggggaag gaccgtgagg ggctctcatg
agaa tcgcgtatta ttcagagtece gtgaagggec gattcaccac
acga gcacggtcte tetttatatg gatatgatga ttccagagga
tgtg cggggteggt tgtggagect tacgagttac tgccagegge
ggac aggggaccceg ggtcactgte tectcagege accacagega

ggce ttgeggecge aggtgegecg gtgccegtate cggatceget

SEQ ID NO 12
LENGTH: 500

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: single domain antibody

SEQUENCE: 12

acaa ggtgtccagg ctcaggtgaa getggtggag tetgggggag

aggyg tctctgagac tctectgtac agectcetgga tcagactaca

ccegg tttegecaat gtecagggaa ggagegegag ggggtcegeag

tact gatgatagta gtccgatcta tgccacctece gecaagggece

agac aaggacaaga acgcggtata tctgcaaatg aacagcccga

catg tactactgtg cggcaagage gtteggtggt acctggagcet

cttt agtgectggg gecaggggac ccaggtcace gtcetectcag

caag tggcccccga ggecttgegg cegeaggtge gecggtgecg

aacc gecgtgecgea

SEQ ID NO 13
LENGTH: 500

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: single domain antibody

SEQUENCE: 13

acaa ggtgtccagg ctcaggtgaa getggtggag tetgggggag

aggg tctctgatac tctectgtac agectctgga tcagactaca

ccegg tttegecaat gtecagggaa ggagegegag ggggtcegeag

tact gatgatagta gtccgatcta tgccacctece gecaagggece

agac aaggacaaga acgcggtata tctgcaaatg aacagcccga

catg tactactgtg cggcaagage gtteggtggt acctggagcet

cttt agtgectggg gecaggggac ccaggtcace gtcetectcag

cttggtgcag

ttattatgaa

tattggttat

cgtcagagac

cacaggcact

tgaatatgac

agacceccgge

ggaaccgegt

geteggtgea
gatggatgta
caatttatac
gattcaccat
aacctgagga
tgagctcece
gaacgaatga

tatccggatce

geteggtgea

gatggatgta

caatttatac

gattcaccat

aacctgagga

tgagctcece

gaacgaatga

60

120

180

240

300

360

420

480

486

60

120

180

240

300

360

420

480

500

60

120

180

240

300

360

420
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agtatgcaag tggcccccga ggecttgegg ccgeaggtge gecggtgecg tatcceggate

cgctggaace

gegtgecgcea

<210> SEQ ID NO 14
<211> LENGTH: 500

<212> TYPE:

DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION:

<400> SEQUENCE: 14

tcttctacaa

ggctggaggg

catcgecegyg

tgatgatact

ctcccaagac

cactgccatg

ggacgacttt

agtatgcaag

cgctggaace

ggtgtccagyg
tctetgagac
tttecgecaat
gatgatagta
aaggacaaga
tactactgtg
agtgectggg
tggccccega

gegtgecgcea

<210> SEQ ID NO 15
<211> LENGTH: 486

<212> TYPE:

DNA

ctcaggtgaa
tctectgtac
gtccagggaa
gtcegatceta
acgcggtata
cggcaagage
gecaggggac

ggCCtthgg

getggtggag
agcctetgga
ggagcgcegag
tgccacctee
tctgcaaatg
gtteggtggt
ccaggtcace

cegecaggtge

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION:

<400> SEQUENCE: 15

atgcaggecc
tetggggggt
atgagctggyg
ggtggtagta
aacgccaaga
tactactgtg
cectggggec
cceegaggec

geecgea

agctggeegt

ctctgagact

tcegecagge

gtacatacta

acacgctgta

tggccctact

aggggaccca

ttgcggeage

<210> SEQ ID NO 16
<211> LENGTH: 162

<212> TYPE

PRT

tcagttgcag
ctcectgtgea
tccaggaaag
tgcagactcc
tctgcaaatg
tgggegegge
ggtcaccgte

aggtgcgccg

ctcegtggagt

gectetggat

gggctcgagt

gtgaagggcc

aacagcctga

tgttcagget

tccteggege

gtgccgtatce

<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: single

<400> SEQUENCE: 16

Leu Gln Ala Gln Leu Ala Gly Gln

1

5

Gly Leu Val Gln Pro Gly Gly Ser

20

Glu Phe Thr Leu Asp Tyr Tyr Glu

35

40

single domain antibody

tetgggggag

tcagactaca

ggggtegeag

gccaagggec

aacagcccga

acctggaget

gtctecteag

gCngthCg

single domain antibody

¢ggggggagy

tcactttcaa

gggtctcaga

gattcaccgt

aacctgagga

tggttcaggg

accacagcga

cggatceget

domain antibody

Leu Gln Leu Val

10

Leu Arg Leu Ser

25

Ile Gly Trp

30

geteggtgea
gatggatgta
caatttatac
gattcaccat
aacctgagga
tgagctcece
gaacgaatga

tatccggatce

cttggtgcaa

tgactatcge

tattaacagt

ctccagagac

cacggecatt

ggcetttgga

agacceccgge

ggaaccgegt

Glu Ser Gly Gly

15

Cys Ala Ala Ser

Phe Arg Gln Ala Pro

45

480

500

60

120

180

240

300

360

420

480

500

60

120

180

240

300

360

420

480

486
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Gly Lys Asp Arg Glu Gly Leu Ser Cys Ile Gly Tyr Ser Asp Arg Ile
50 55 60

Ala Tyr Tyr Ser Glu Ser Val Lys Gly Arg Phe Thr Thr Val Arg Asp
65 70 75 80

Asp Ala Thr Ser Thr Val Ser Leu Tyr Met Asp Met Met Ile Pro Glu
85 90 95

Asp Thr Gly Thr Tyr Tyr Cys Ala Gly Ser Val Val Glu Pro Tyr Glu
100 105 110

Leu Leu Pro Ala Ala Glu Tyr Asp Tyr Trp Gly Gln Gly Thr Arg Val
115 120 125

Thr Val Ser Ser Ala His His Ser Glu Asp Pro Gly Pro Arg Gly Leu
130 135 140

Ala Ala Ala Gly Ala Pro Val Pro Tyr Pro Asp Pro Leu Glu Pro Arg
145 150 155 160

Ala Ala

<210> SEQ ID NO 17

<211> LENGTH: 150

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: single domain antibody

<400> SEQUENCE: 17

Trp Gln Ala Gln Leu Ala Val Gln Leu Gln Leu Val Glu Ser Gly Gly
1 5 10 15

Asp Leu Ala Gln Pro Gly Gly Ser Leu Thr Leu Ser Cys Thr Ala Ser
20 25 30

Gly Thr Phe Lys Ile Tyr Ser Met Gly Trp Tyr Arg Arg Pro Gln Arg
35 40 45

Glu Leu Val Ala Glu Met Leu Asn Gly Gly Asp Thr Gln Tyr Ser Asp
50 55 60

Ser Val Lys Gly Arg Phe Thr Ile Ser Arg Thr Asn Asn Thr Met Tyr
65 70 75 80

Leu His Met Asn Asn Leu Lys Pro Glu Asp Thr Ala Val Tyr Tyr Cys
85 90 95

Asn Leu Gln Asp Trp Tyr Ser Glu Pro Ala Gly Asp Tyr Trp Gly Pro
100 105 110

Gly Thr Gln Val Thr Val Ser Ser Ala His His Ser Glu Asp Pro Gly
115 120 125

Pro Arg Gly Leu Ala Ala Ala Gly Ala Pro Val Pro Tyr Pro Asp Pro
130 135 140

Leu Glu Pro Arg Ala Ala
145 150

<210> SEQ ID NO 18

<211> LENGTH: 168

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: single domain antibody

<400> SEQUENCE: 18

Met Gln Ala Gln Leu Ala Gly Gln Leu Gln Leu Val Glu Ser Gly Gly
1 5 10 15

Gly Leu Val Gln Pro Gly Gly Ser Leu Arg Leu Ser Cys Thr Ala Ser
20 25 30
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Lys Phe His Leu Asp Ser Tyr Ala Val Ala Trp Phe Arg Gln Thr Pro
35 40 45

Gly Lys Glu Arg Glu Ala Val Ser Phe Ile Asn Thr Ser Asp Asp Val
50 55 60

Thr Tyr Phe Ala Asp Ser Val Lys Gly Arg Phe Thr Ile Ser Arg Asp
65 70 75 80

Asn Ser Lys Asn Thr Val Tyr Leu Gln Met Asn Val Leu Lys Pro Glu
85 90 95

Asp Thr Ser Ile Tyr Val Cys Ala Ala Val Arg Ser Pro Gly Pro Thr
100 105 110

Gly Pro Ser Met Gln Pro Met Trp Val Pro Asp Leu Tyr Asp Tyr Trp
115 120 125

Gly Gln Gly Thr Gln Val Thr Val Ser Ser Ala His His Ser Glu Asp
130 135 140

Pro Gly Pro Arg Gly Leu Ala Ala Ala Gly Ala Pro Val Pro Tyr Pro
145 150 155 160

Asp Pro Leu Glu Pro Arg Ala Ala
165

<210> SEQ ID NO 19

<211> LENGTH: 166

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: single domain antibody

<400> SEQUENCE: 19

Met Gln Ala Gln Leu Ala Gly Gln Leu Gln Leu Val Glu Ser Gly Gly
1 5 10 15

Gly Leu Val Gln Pro Gly Gly Ser Leu Ser Val Ser Cys Ala Val Arg
20 25 30

Gly Arg Asp Leu Asp Tyr Tyr Val Ile Gly Trp Phe Arg Gln Ala Pro
35 40 45

Gly Lys Glu Arg Glu Gly Val Ser Cys Ile Asn Asn Ser Asp Asp Thr
50 55 60

Thr Tyr Tyr Ser Asp Ser Val Lys Gly Arg Phe Thr Ile Ser Arg Asp
65 70 75 80

His Ala Lys Asn Thr Val Tyr Leu Gln Met Asn Asn Leu Lys Pro Glu
85 90 95

Asp Thr Ala Leu Tyr Tyr Cys Ala Ala Asp Phe Asp Arg Leu Asp Phe
100 105 110

Thr Val Lys Ala Met Cys Val Met Lys Phe Phe Tyr Tyr Trp Gly Gln
115 120 125

Gly Thr Gln Val Thr Val Ser Ser Glu Pro Lys Thr Pro Lys Pro Gln
130 135 140

Gly Pro Arg Gly Leu Ala Ala Ala Gly Ala Pro Val Pro Tyr Pro Asp
145 150 155 160

Leu Glu Pro Arg Ala Ala
165

<210> SEQ ID NO 20

<211> LENGTH: 162

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: single domain antibody

<400> SEQUENCE: 20
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Met Gln Ala Gln Leu Ala Val Gln Leu Gln Leu Val Glu Ser Gly Gly
1 5 10 15

Gly Leu Val Gln Pro Gly Gly Ser Leu Arg Leu Ala Cys Ala Ala Ser
20 25 30

Gly Phe Asn Leu Asp Asp Tyr Ala Asp Ile Gly Trp Phe Arg Gln Ala
35 40 45

Pro Gly Lys Glu Arg Glu Arg Val Leu Cys Ile Thr Ile Ser Asp Gly
50 55 60

Thr Thr Tyr Tyr Glu Asp Ser Gly Lys Gly Arg Phe Ser Ile Ser Thr
65 70 75 80

Asp Ile Ala Lys Asn Thr Val Phe Leu Gln Met Asp Ser Leu Lys Ala
85 90 95

Glu Asp Thr Ala Val Tyr Tyr Cys Ala Gly Asp Pro Ala Pro Phe Cys
100 105 110

Leu Tyr Asn Thr Tyr Val Pro Arg Thr Trp Gly Gln Gly Thr Gln Val
115 120 125

Thr Val Ser Ser Ala His His Ser Glu Asp Pro Gly Pro Arg Gly Leu
130 135 140

Ala Ala Ala Gly Ala Pro Val Pro Tyr Pro Asp Pro Leu Glu Pro Arg
145 150 155 160

Ala Ala

<210> SEQ ID NO 21

<211> LENGTH: 169

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: single domain antibody

<400> SEQUENCE: 21

Leu Leu Gln Gly Val Gln Ala Gln Val Lys Leu Val Glu Ser Gly Gly
1 5 10 15

Gly Ser Val Gln Ala Gly Gly Ser Leu Arg Leu Ser Cys Thr Ala Ser
20 25 30

Gly Ser Asp Tyr Arg Trp Met Tyr Ile Ala Arg Phe Arg Gln Cys Pro
35 40 45

Gly Lys Glu Arg Glu Gly Val Ala Ala Ile Tyr Thr Asp Asp Thr Asp
50 55 60

Asp Ser Ser Pro Ile Tyr Ala Thr Ser Ala Lys Gly Arg Phe Thr Ile
65 70 75 80

Ser Gln Asp Lys Asp Lys Asn Ala Val Tyr Leu Gln Met Asn Ser Pro

Lys Pro Glu Asp Thr Ala Met Tyr Tyr Cys Ala Ala Arg Ala Phe Gly
100 105 110

Gly Thr Trp Ser Leu Ser Ser Pro Asp Asp Phe Ser Ala Trp Gly Gln
115 120 125

Gly Thr Gln Val Thr Val Ser Ser Gly Thr Asn Glu Val Cys Lys Trp
130 135 140

Pro Pro Arg Pro Cys Gly Arg Arg Cys Ala Gly Ala Val Ser Gly Ser
145 150 155 160

Ala Gly Thr Ala Cys Arg Ile Asp Cys
165

<210> SEQ ID NO 22
<211> LENGTH: 169
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-continued

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: single domain antibody

<400> SEQUENCE: 22

Leu Leu Gln Gly Val Gln Ala Gln Val Lys Leu Val Glu Ser Gly Gly
1 5 10 15

Gly Ser Val Gln Ala Gly Gly Ser Leu Arg Leu Ser Cys Thr Ala Ser
20 25 30

Gly Ser Asp Tyr Arg Trp Met Tyr Ile Ala Arg Phe Arg Gln Cys Pro

Gly Lys Glu Arg Glu Gly Val Ala Ala Ile Tyr Thr Asp Asp Thr Asp
50 55 60

Asp Ser Ser Pro Ile Tyr Ala Thr Ser Ala Lys Gly Arg Phe Thr Ile
65 70 75 80

Ser Gln Asp Lys Asp Lys Asn Ala Val Tyr Leu Gln Met Asn Ser Pro
85 90 95

Lys Pro Glu Asp Thr Ala Met Tyr Tyr Cys Ala Ala Arg Ala Phe Gly
100 105 110

Gly Thr Trp Ser Leu Ser Ser Pro Asp Asp Phe Ser Ala Trp Gly Gln
115 120 125

Gly Thr Gln Val Thr Val Ser Ser Gly Thr Asn Glu Val Cys Lys Trp
130 135 140

Pro Pro Arg Pro Cys Gly Arg Arg Cys Ala Gly Ala Val Ser Gly Ser
145 150 155 160

Ala Gly Thr Ala Cys Arg Ile Asp Cys
165

<210> SEQ ID NO 23

<211> LENGTH: 170

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: single domain antibody

<400> SEQUENCE: 23

Ala Leu Leu Gln Gly Val Gln Ala Gln Val Lys Leu Val Glu Ser Gly
1 5 10 15

Gly Gly Ser Val Gln Ala Gly Gly Ser Leu Arg Leu Ser Cys Thr Ala
20 25 30

Ser Gly Ser Asp Tyr Arg Trp Met Tyr Ile Ala Arg Phe Arg Gln Cys
35 40 45

Pro Gly Lys Glu Arg Glu Gly Val Ala Ala Ile Tyr Thr Asp Asp Thr
50 55 60

Asp Asp Ser Ser Pro Ile Tyr Ala Thr Ser Ala Lys Gly Arg Phe Thr
65 70 75 80

Ile Ser Gln Asp Lys Asp Lys Asn Ala Val Tyr Leu Gln Met Asn Ser
85 90 95

Pro Lys Pro Glu Asp Thr Ala Met Tyr Tyr Cys Ala Ala Arg Ala Phe
100 105 110

Gly Gly Thr Trp Ser Leu Ser Ser Pro Asp Asp Phe Ser Ala Trp Gly
115 120 125

Gln Gly Thr Gln Val Thr Val Ser Ser Gly Thr Asn Glu Val Cys Lys
130 135 140

Trp Pro Pro Arg Pro Cys Gly Arg Arg Cys Ala Gly Ala Val Ser Gly
145 150 155 160
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-continued

Ser Ala Gly Thr Ala Cys Arg Ile Asp Cys
165 170

<210> SEQ ID NO 24

<211> LENGTH: 169

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: single domain antibody

<400> SEQUENCE: 24

Leu Leu Gln Gly Val Gln Ala Gln Val Lys Leu Val Glu Ser Gly Gly
1 5 10 15

Gly Ser Val Gln Ala Gly Gly Ser Leu Arg Leu Ser Cys Thr Ala Ser
20 25 30

Gly Ser Asp Tyr Arg Trp Met Tyr Ile Ala Arg Phe Arg Gln Cys Pro
35 40 45

Gly Lys Glu Arg Glu Gly Val Ala Ala Ile Tyr Thr Asp Asp Thr Asp
50 55 60

Asp Ser Ser Pro Ile Tyr Ala Thr Ser Ala Lys Gly Arg Phe Thr Ile
65 70 75 80

Ser Gln Asp Lys Asp Lys Asn Ala Val Tyr Leu Gln Met Asn Ser Pro
85 90 95

Lys Pro Glu Asp Thr Ala Met Tyr Tyr Cys Ala Ala Arg Ala Phe Gly
100 105 110

Gly Thr Trp Ser Leu Ser Ser Pro Asp Asp Phe Ser Ala Trp Gly Gln
115 120 125

Gly Thr Gln Val Thr Val Ser Ser Gly Thr Asn Glu Val Cys Lys Trp
130 135 140

Pro Pro Arg Pro Cys Gly Arg Arg Cys Ala Gly Ala Val Ser Gly Ser
145 150 155 160

Ala Gly Thr Ala Cys Arg Ile Asp Cys
165

<210> SEQ ID NO 25

<211> LENGTH: 169

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: single domain antibody

<400> SEQUENCE: 25

Leu Leu Gln Gly Val Gln Ala Gln Val Lys Leu Val Glu Ser Gly Gly

Gly Ser Val Gln Ala Gly Gly Ser Leu Arg Leu Ser Cys Thr Ala Ser
20 25 30

Gly Ser Asp Tyr Arg Trp Met Tyr Ile Ala Arg Phe Arg Gln Cys Pro
35 40 45

Gly Lys Glu Arg Glu Gly Val Ala Ala Ile Tyr Thr Asp Asp Thr Asp
50 55 60

Asp Ser Ser Pro Ile Tyr Ala Thr Ser Ala Lys Gly Arg Phe Thr Ile
65 70 75 80

Ser Gln Asp Lys Asp Lys Asn Ala Val Tyr Leu Gln Met Asn Ser Pro
85 90 95

Lys Pro Glu Asp Thr Ala Met Tyr Tyr Cys Ala Ala Arg Ala Phe Gly
100 105 110

Gly Thr Trp Ser Leu Ser Ser Pro Asp Asp Phe Ser Ala Trp Gly Gln
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-continued

115 120 125

Gly Thr Gln Val Thr Val Ser Ser Gly Thr Asn Glu Val Cys Lys Trp
130 135 140

Pro Pro Arg Pro Cys Gly Arg Arg Cys Ala Gly Ala Val Ser Gly Ser
145 150 155 160

Ala Gly Thr Ala Cys Arg Ile Asp Cys
165

<210> SEQ ID NO 26

<211> LENGTH: 162

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: single domain antibody

<400> SEQUENCE: 26

Met Gln Ala Gln Leu Ala Gly Gln Leu Gln Leu Val Glu Ser Gly Gly
1 5 10 15

Gly Leu Val Gln Pro Gly Gly Ser Leu Arg Leu Ser Cys Ala Ala Ser
20 25 30

Glu Phe Thr Leu Asp Tyr Tyr Glu Ile Gly Trp Phe Arg Gln Ala Pro
35 40 45

Gly Lys Asp Arg Glu Gly Leu Ser Cys Ile Gly Tyr Ser Asp Arg Ile
50 55 60

Ala Tyr Tyr Ser Glu Ser Val Lys Gly Arg Phe Thr Thr Val Arg Asp
65 70 75 80

Asp Ala Thr Ser Thr Val Ser Leu Tyr Met Asp Met Met Ile Pro Glu
85 90 95

Asp Thr Gly Thr Tyr Tyr Cys Ala Gly Ser Val Val Glu Pro Tyr Glu
100 105 110

Leu Leu Pro Ala Ala Glu Tyr Asp Tyr Trp Gly Gln Gly Thr Arg Val
115 120 125

Thr Val Ser Ser Ala His His Ser Glu Asp Pro Gly Pro Arg Gly Leu
130 135 140

Ala Ala Ala Gly Ala Pro Val Pro Tyr Pro Asp Pro Leu Glu Pro Arg
145 150 155 160

Ala Ala

<210> SEQ ID NO 27

<211> LENGTH: 169

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: single domain antibody

<400> SEQUENCE: 27

Leu Leu Gln Gly Val Gln Ala Gln Val Lys Leu Val Glu Ser Gly Gly
1 5 10 15

Gly Ser Val Gln Ala Gly Gly Ser Leu Arg Leu Ser Cys Thr Ala Ser
20 25 30

Gly Ser Asp Tyr Arg Trp Met Tyr Ile Ala Arg Phe Arg Gln Cys Pro
35 40 45

Gly Lys Glu Arg Glu Gly Val Ala Ala Ile Tyr Thr Asp Asp Thr Asp
50 55 60

Asp Ser Ser Pro Ile Tyr Ala Thr Ser Ala Lys Gly Arg Phe Thr Ile
65 70 75 80

Ser Gln Asp Lys Asp Lys Asn Ala Val Tyr Leu Gln Met Asn Ser Pro
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-continued

85 90 95

Lys Pro Glu Asp Thr Ala Met Tyr Tyr Cys Ala Ala Arg Ala Phe Gly
100 105 110

Gly Thr Trp Ser Leu Ser Ser Pro Asp Asp Phe Ser Ala Trp Gly Gln
115 120 125

Gly Thr Gln Val Thr Val Ser Ser Gly Thr Asn Glu Val Cys Lys Trp
130 135 140

Pro Pro Arg Pro Cys Gly Arg Arg Cys Ala Gly Ala Val Ser Gly Ser
145 150 155 160

Ala Gly Thr Ala Cys Arg Ile Asp Cys
165

<210> SEQ ID NO 28

<211> LENGTH: 169

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: single domain antibody

<400> SEQUENCE: 28

Leu Leu Gln Gly Val Gln Ala Gln Val Lys Leu Val Glu Ser Gly Gly
1 5 10 15

Gly Ser Val Gln Ala Gly Gly Ser Leu Ile Leu Ser Cys Thr Ala Ser
20 25 30

Gly Ser Asp Tyr Arg Trp Met Tyr Ile Ala Arg Phe Arg Gln Cys Pro
35 40 45

Gly Lys Glu Arg Glu Gly Val Ala Ala Ile Tyr Thr Asp Asp Thr Asp
50 55 60

Asp Ser Ser Pro Ile Tyr Ala Thr Ser Ala Lys Gly Arg Phe Thr Ile
65 70 75 80

Ser Gln Asp Lys Asp Lys Asn Ala Val Tyr Leu Gln Met Asn Ser Pro
85 90 95

Lys Pro Glu Asp Thr Ala Met Tyr Tyr Cys Ala Ala Arg Ala Phe Gly
100 105 110

Gly Thr Trp Ser Leu Ser Ser Pro Asp Asp Phe Ser Ala Trp Gly Gln
115 120 125

Gly Thr Gln Val Thr Val Ser Ser Gly Thr Asn Glu Val Cys Lys Trp
130 135 140

Pro Pro Arg Pro Cys Gly Arg Arg Cys Ala Gly Ala Val Ser Gly Ser
145 150 155 160

Ala Gly Thr Ala Cys Arg Ile Asp Cys
165

<210> SEQ ID NO 29

<211> LENGTH: 169

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: single domain antibody

<400> SEQUENCE: 29

Leu Leu Gln Gly Val Gln Ala Gln Val Lys Leu Val Glu Ser Gly Gly
1 5 10 15

Gly Ser Val Gln Ala Gly Gly Ser Leu Arg Leu Ser Cys Thr Ala Ser
20 25 30

Gly Ser Asp Tyr Arg Trp Met Tyr Ile Ala Arg Phe Arg Gln Cys Pro
35 40 45
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Gly Lys Glu Arg Glu Gly Val Ala Ala Ile Tyr Thr Asp Asp Thr Asp
50 55 60
Asp Ser Ser Pro Ile Tyr Ala Thr Ser Ala Lys Gly Arg Phe Thr Ile
65 70 75 80
Ser Gln Asp Lys Asp Lys Asn Ala Val Tyr Leu Gln Met Asn Ser Pro
85 90 95
Lys Pro Glu Asp Thr Ala Met Tyr Tyr Cys Ala Ala Arg Ala Phe Gly
100 105 110
Gly Thr Trp Ser Leu Ser Ser Pro Asp Asp Phe Ser Ala Trp Gly Gln
115 120 125
Gly Thr Gln Val Thr Val Ser Ser Gly Thr Asn Glu Val Cys Lys Trp
130 135 140
Pro Pro Arg Pro Cys Gly Arg Arg Cys Ala Gly Ala Val Ser Gly Ser
145 150 155 160
Ala Gly Thr Ala Cys Arg Ile Asp Cys
165
<210> SEQ ID NO 30
<211> LENGTH: 162
<212> TYPE: PRT
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: single domain antibody

<400> SEQUENCE:

Met

1

Gly

Gly

Gly

Thr

65

Asn

Asp

Gly

Thr

Ala

145

Ala

Gln

Leu

Phe

Lys

50

Tyr

Ala

Thr

Leu

Val

130

Ala

Ala

Ala

Val

Thr

35

Gly

Tyr

Lys

Ala

Val

115

Ser

Ala

Gln

Gln

20

Phe

Leu

Ala

Asn

Ile

100

Gln

Ser

Gly

30

Leu

Ser

Asn

Glu

Asp

Thr

85

Tyr

Gly

Ala

Ala

Ala

Gly

Asp

Trp

Ser

Leu

Tyr

Ala

His

Pro
150

Val

Gly

Tyr

Val

55

Val

Tyr

Cys

Phe

His

135

Val

Gln

Ser

Arg

40

Ser

Lys

Leu

Val

Gly

120

Ser

Pro

Leu

Leu

25

Met

Asp

Gly

Gln

Ala

105

Pro

Glu

Tyr

Gln

10

Arg

Ser

Ile

Arg

Met

90

Leu

Trp

Asp

Pro

Leu

Leu

Trp

Asn

Phe

75

Asn

Leu

Gly

Pro

Asp
155

Val Glu Ser Gly Gly
Ser Cys Ala Ala Ser
30

Val Arg Gln Ala Pro
45

Ser Gly Gly Ser Ser
60

Thr Val Ser Arg Asp
Ser Leu Lys Pro Glu
95

Gly Arg Gly Cys Ser
110

Gln Gly Thr Gln Val
125

Gly Pro Arg Gly Leu
140

Pro Leu Glu Pro Arg
160

What is claimed is:

1. A human lung-targeting nanobody, comprising an
amino acid sequence selected from the group consisting of
SEQ ID NO:16, SEQ 1D NO:17, SEQ ID NO:18, SEQ 1D
NO:19, SEQ ID NO:20, SEQ ID NO:21, SEQ ID NO:22,

NO:26, SEQ ID NO:27, SEQ ID NO:28, SEQ ID NO:29,
and SEQ ID NO:30.
2. A preparation comprising the nanobody of claim 1.
3. The preparation of claim 2, wherein the nanobody binds
to human pulmonary surfactant protein A.

SEQ ID NO:23, SEQ ID NO:24, SEQ ID NO:25, SEQ ID I T S



