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: House dust mites are complex species which produce

thousands of different proteins and other macromolecules.
The examination of mixture extractions from whole mites,
nymphs, faecal pellets and eggs have indicated that over 30
different proteins induce IgE antibody in patients allergic
to the house dust mite.

In this plan, from a practical point of view using the
bioinformatics, next generation sequencing new technologies
to analysis and cloning the important allergens from local
breeding mite, Dermatophagoides microceaus (Der m). Then,
based on the engineering recombination technology and
protein expression system to generate specific antibodies
not only better explained and molecular epidemiology have
allowed excellent choice of allergen molecules useful for
diagnosis, but also developing allergen of house dust mite
Der m-sensitized cell-based and animal models to screen
lead active compounds and healthy foods for therapeutic
approaches.

Next generation sequencing (NGS) technologies enable the
quick and comprehensive approach of complex nucleic acid
populations and have opened fascinating opportunities for
the analysis of organism without a sequenced genome on a
genomic scale.

Plan Goal: Focus on the not determined and unknown
allergies from local glycyphagid mites in subtropical
region of Taiwan. Based on the bioinformatics tools,
molecular biology and next generation sequencing to
analysis and cloning the specific mite-allergic subjects.
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The opportunity to produce more recombinant allergens to
generate specific antibodies not only to molecular
epidemiology allergen molecules for diagnosis, but to
developing allergen of house dust mite Der m-sensitized
cell-based and animal platforms to lead active compounds
and healthy foods screening for therapeutic approaches.

Der m, FIP, NGS, Gene clone and Allergene genes
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House dust mites are complex species which produce thousands of different proteins and other
macromolecules. The examination of mixture extractions from whole mites, nymphs, faecal pellets
and eggs have indicated that over 30 different proteins induce IgE antibody in patients allergic to the
house dust mite.

In this plan, from a practical point of view using the bioinformatics, next generation sequencing
new technologies to analysis and cloning the important allergens from local breeding mite,
Dermatophagoides microceaus (Der m). Then, based on the engineering recombination technology
and protein expression system to generate specific antibodies not only better explained and
molecular epidemiology have allowed excellent choice of allergen molecules useful for diagnosis,
but also developing allergen of house dust mite Der m-sensitized cell-based and animal models to
screen lead active compounds and healthy foods for therapeutic approaches.

Next generation sequencing (NGS) technologies enable the quick and comprehensive approach
of complex nucleic acid populations and have opened fascinating opportunities for the analysis of
organism without a sequenced genome on a genomic scale.

Plan Goal: Focus on the not determined and unknown allergies from local glycyphagid mites in
subtropical region of Taiwan. Based on the bioinformatics tools, molecular biology and next
generation sequencing to analysis and cloning the specific mite-allergic subjects. The opportunity to
produce more recombinant allergens to generate specific antibodies not only to molecular
epidemiology allergen molecules for diagnosis, but to developing allergen of house dust mite Der
m-sensitized cell-based and animal platforms to lead active compounds and healthy foods screening
for therapeutic approaches.
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ey

S s enfles o (Figure 2)

(A) Table 1.Result statistics

Rl.clean.fastq R2.clean.fastq
Read length (bp) 250 250
Total number of clean reads 7,343,792 7,343,792
Total bases of clean reads (bp) 1,835,948,000 1,835,948,000
Total number of Q20 bases (bp) 1,743,770,754 1,619,700,209
Percentage of Q20 bases 94.98% 88.22%
(B)
Method Statistics
Contig N50 1,836
median Contig length 483
average Contig length 1,029.92
Total assembled bases 104,362,787
min Contig length 201
Max Contig length 303,949
total Contigs 101,331
n:N50* 9,961

Figure 2 | Sequence data obtained from NGS platform for Dermatophagoides microceras strain.
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HEACR Y 0 G 90%F o b A F Rk R A E“ﬁ Y5 J5 o @ = 15 Voorhorst R % ¢ 4 5
R ROk R b g X AT & R ) - 1987 £ Platts-Mill TAE % « 45 &) 1% 27 A 0%
§ W3 90%1 b e el K 0 5B e (R M i TR o 1995 Chilmonczyk BA # 4 87 1 i
ZE - RPRBEEEAN g BRRFES L FRERLAAM T
Bedferifacn 1 & 33 H IR S 00~ G AP R P e P o 4430 HDMs ¢
o Fhirehis % > pao 15 ﬁ;é_z\i‘_iﬁ 33 S iEACR
A B-i%(Derf) » = 7 11 2 77 Rl%
# IgE-binding 3-v F > 12353
0 7 61 & i

930 $ 457 B
BB & RS- R A
o Br& e Tablel #75n » # ¢ Groupland2 = faiEsch 4 31 &
GiEE B HDM =2 4 ¥ ¢ 40%-60% =
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(Thomas, Smith et al. 2002) i 5T A it # 5 &
SOK oI S 3

R-4%(Der p)& £ ;
e
+ @ Group1,2,5,7and
3w 77 0 IgE binding BlFE e EE R o
Kk A 70 % 20 ) RAIE Y AR B AR 0 LR
(4v: Group 1, 3,6 and 9) ~ FE#E &2 *o dmsE e B R fEp2 £ (4o Group 2, 4, 13 and 14)
L3 g T iEAp B end-9 T (4t Group 10 and 11) - (Thomas, Smith et al. 2002; Bessot and Pauli 2011)
Table 1 | Gene structures of putative D. microceaus allergens confirmed by Next Generation Sequencing analysis
: e ioc - c . g4 |Length | No. of e i L
Gene * | Locus tag Biochemical function Molecular Basis (aa) | exons FPKM ¢ | Der f (American) Der p (European) | IgE binding &
Der m 1 955414 Cysteine peptidase proteclytic activity 321 & 140.2 ABU49605 (92%) P08176.2 (84%) 80-100
Der m 2 1001166 MD2-like lipid binding protein lipid binding 146 2 93.7 ABLBA753.1 (95%) AAF86462.1 (84%) 80-100
Derm3 1003695 Trypsin-like serine protease proteolytic activity 259 2 ACK76253.1 (94%) AAALS973 (78%) 16-100
Derm4 10068825 w-amylase others 325 3 3.53 AIP86946.1(99%) AAD38942 (88%) 40-46
Der m 5 969417 Structural protein chitin binding 132 2 90.9 BAE45865 (87%)  AAB328432 (75%) 50-70
Derm& 1002640 Trypsin-like serine protease proteolytic activity 279 3 155.0 ABWS2654 (92%) - 40
Derm 7 1005778 Unknown Others 213 2 1.1 ACK76239 (85%) AAABD264 (81%) 50
Derm& 1003214 Glutathione-S-transferase Others 221 2 0.9  AIOD8867 (96%) P46419 (70%) 40
Der m 9 954782  Trypsin-like serine protease proteolytic activity 235 3 1242 AAP35067.1 (96%) AIO08869.1 (92%) S0
Der m 10 Tropomyasin Muscle related 284 5 ABUS7468 (99%) ACI32128 (98%) 50-95
Derm11 997204 Paramyosin Muscle related 875 11 1.1 AIOD2864.1 (58%) - 80
Der m 13 Lipocalin lipid binding 131 2 AAP35078.1 (99%) ADKS2350 (95%) 10-23
Derm 14 995453 Apolopophotine-like lipid binding 1666 2 10,0 AAM21322.1 (88%) AAM21322 (B88%) S0
Der m 15 GH18_Chitinase-like chitin binding 451 3 AlOD8863.1 (99%) AAYB4564 (93%) 70
Derm 16 1000414 Gelsolin-like Others 480 7 12.3 AIO08853.1 (57%) - 50
Derm 18 998970 GH18_Chitinase-like chitin binding 462 3 AAM19082.1 (98%) AAYB4563.1 (89%) 535
Derm 20 Arginine kinase like Others 350 3 1.0 AAP57094 (98%) ACDS50950.1 (96%) 25
Derm 21 999417 Structural protein chitin binding 136 2 AHC94806.1 (92%) ABC73706.1 (65%) <95
Derm22 994603 MD2-like lipid binding protein lipid binding 156 2 ABG76195.1 (97%) -
Derm23 995003 Chitin-binding chitin binding 120 1 ACB46292.1 (55%) ACB46292.1 (55%)
Darm24 984203 Ubiquinol-cytochrome C reductase FithEs 118 1 AGI78542.1 (97%) s0-100
binding protein-like
Derm25 994895 Triosephosphate isomerase Others 247 4 AlO08860.1 (99%)
Derm 26 1004878 Myosin alkali light chain protein Others 160 4 AlD08852.1 (99%)
Derm27 994836 Serpin Others 408 2 AlDD8851.1 (98%)
Derm 28 995095 Heat shock protein Others 654 1 AlOD8848.1 (88%)
Derm 25 994509 Peptidyl-prolyl cis-trans isomerase 164 3
Der m 30 Ferritin Muscle 166 3
Derm 31 997785 Cofilin Muscle related 148 3
Derm3z 989339 ocreted inorganic Others 293
pyrophosphatase
Derm 33 Alpha-tubulin Others
alpha-actinin
Profilin

Muscle

461
975
Muscle related

130

10

76
70-85
35-100
AlOD8856.1 (99%)
AGC56219.1 (90%)
AlODS870.1 (35%)

62-70
AlOD8849.1 (36%)

25-100
31-100
AlOD3861.1 (33%)
AGC56214.1 (78%)
AIODS266.1 (99%)

15-100

25-100

80-85
60-63



a. The allergen candidate genes of Der m determined by preliminary verification of transcriptomic analysis and
annotation results. Retrieved complete gene sequences and structures with amino acid sequence homology
(approximately 55% to 99%) to validated allergens in the Der f and Der p species of house dust mite.

b. Locus tags are revealed scaffold ID in the assembled D. microceaus draft genomic sequences.

c. Thirty-three groups of mite proteins have been officially listed as allergens by the allergen nomenclature
subcommittee in the source of Animalia Arthropoda (available web site from www.allergen.org).

d. The dust mite allergens can be classified according to the presence of inherent adjuvant-like activities or their
affinity to adjuvant substances in mite extract.

e. FPKM, Fragment per kilo-base of transcript per million mapped reads.

f.  The relative homologous genes in Der f and Der p species of house dust mite analyzed in the NCBI database (by

BLAST?2 algorithm); GenBank accession number are listed (% similarity).

»

NGS 4 17/ % 3@ 4o Table 1- ] * Derfand Derp @ foehiscilcha 82 2 GF5% E50h
=k www.allergen.org) » #-4 3+ M jic & RAMG R AT A F A 7 & B2 4o Table 1o p 5 4] % & 7| iR
1T RE R EB T30 BT iR P Ay e s Derml-Derm33c H P g B ek %
2 Der f (American) eEacihic s 4p i (iE 78%-99%) > ¥ - * w & BEACHh DL ILE TR o T A
NGS chffl kit i7fm & » =2 £4* FPKM (Fragments Per Kilobase of Exon Per Million Fragments) <
TRABE PR EE LA RS ST Lo W5 Derm6,1,9,2,and50 H ¢ ¥ TRk 11
# IgE enis & > Bl A d dEach ek ? f1* Der f fa Skin test fek T A~ 4705 % > * 80-100 £
80%-100% E 5+ F &> 2% Derfland2 % % % % - (Table 1)

[Derm1 k&g Flermig 7]

Figure 2 #7157 » A% & — 1313 #rif 7 cnfic & pA-4% A 7] > 2 @ Bl(Figure 2A)E_PCR *} Bl % 7
& 692bp (# FF7m) > § F S ATIFRINAS o HPCR P E 2 R BH % 0 £ 7 @1 695 BEH T
w5 231 B g Ao 2 {22 (4o Figure 2B)  # ¢ Thr38 3 sk f& 2 _%p | protease - f# i 2k
AgehDerml d-i F g bR GRS 0 R TG n38 B AR J 2 B &I 540, 69,
103, 109, 141 and 155) %i+ 5 Cys ehi ¥ > ;ﬁs’ Derpl £ Derflenigt kigipl > 87 5 79 F A
g2, % ehiz B > A W 5 40-155, 69-109, 103-141 is i ehp 3 fe gt @ o F {14 2 5 (Glu69, Cys72, His208
and Asn228)#A7 7 chw  § A PE =% A W E4E S Der m 1 Fod Brprk gl o @ I F i
(Thr38, Cys69, Gly150, Asp192 and His199) % 5 i & AR chifin » & Bl 3v fsf % ch& B+ B &
o HP Ser39 3 AR EE AFTHEY (ID: P16312)#rsef cnDer m 1 #%4 A 55 £ £ 2 &fGIn ->

Ser) - 4- Figure 2C #77 IR A1* 5 Boladrenid % » B9 Bg A Mo aym iy o~ i+ 46 e
gt} > L3 3 RDET I Kﬁz His199 e % £ Der f1 4 b @ 22 Der p 1 (Arg) 7

4o Figure 2D #7%2 57 NGSreads % Derm 1 z F|enffa) » #-41* Genome library #7 % 2 chfl %148 2
B 22 RNA library #r2& = Az ek F1 4 i F B 38 (7 B 7 <ot ¥ (alignment) » Bom 3% 28 F1d 6 1 H B+
(Exons)#f ke = » fe pFs ¥ 4] % FPKM(Fragments Per Kilobase of transcript per Million mapped reads) & g
Bi%A Fl4 s & o (Figure 2)
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(A) (B) GAINHLSDLSLDELKSRYLMSAEAFEQLKTQFDLNAE TSACRINSGN

VPSELDLRSLRTVTPIRMQGACGSCWAFSGVAATESAYLAYKNMSLD
M Derml LSEQELVDCASQHGCHGDTIPKGIEYIQRNGVVQESYYRYVAREQQC
RRPNSQYYGISNYCQIYPPNSNQIRESLAQTHTATAVIIGIKDLRAF
QHYDGRTIIQHDNGNQPNYHAVNIVGYGNTQGVDYWIVRNSWD
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Dot

Figure 2 | Novel gene discovery of Der m 1 HDM allergy and view of aligned NGS reads. A. 692 bp PCR product
revealed the Der m 1 from crude Der m cDNA library. B. Deduced 231 amino acids sequence of potential Der m 1 protein,
the underline indicated the signal peptide was processed by protease during posttranscriptional modification, the six
conserved residues (positions 40, 69, 103, 141 and 155) of Cysteines shown in color green revealed the forming the
consensus disulfide bonds based on the crystal structure of Der f 1. The residues of Glu69, Cys72, His208 and Asn228
shown in color red circles indicates the putative active site of Cysteine protease. The color blue “v” symbols Thr38, Cys69,
Gly150, Asp192 and His199 indicated the consensus residues of metal ion binding site. C. The multiple sequence
alignment of Der f 1, Der p 1 and Der m 1. D. Alignment are represented as gray lines with sorted reads mismatching the
genome reference indicated by color with alpha transparency proportional to quality. Refuses genes track of HDM Der
m1 gene, strain oriented by arrow in additional to the bar and line indicated the exon and intron region, respectively.

[Der m #e 5 B~g7 4.2 F JiRl3E]

PR A Der mEB - 24 GAAD S kv (FIP-fve)z & & AJ2 i ¥ 4 # hPBMC 41 *
A g cytokine array panel A ~ 15 36 #87 = e 4 #f cytokines & % o(Figure 3A) #-7 2% % % & it > 4o Figure
3B #m+H ¢ INFy chi A4 £ 8 -H © % B Cytokines § & % £ 8 14 4] 5 GM-CSF, GRDa, IL-1B,
IL-6, IL-8, MIP-1B, RANTES and TNF-a - (Figure 3)
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Figure 3 | Cytokine analysis of hPBMCs by cytokine array. The supernatant were collected from hPBMCs which were
treated with control (GST), rFIP-fve, DerM and rFIP-fve/DerM for 48 hours and manipulated followed by array manual. (A)

membrane image; (B) mean pixel density of human cytokine array.
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Figure 4 | Cytokines effects of FIP-fve treatment on hPBMCs combined with crude Der m-challenged. The IFN-y
expression levels of hPBMCs was measured by ELISA. The supernatant were collected from hPBMCs which were

treated with control (GST 200 ug/ml), rFIP-fve (100 ug/ml) and rFIP-fve/DerM for 48 hours and operated followed by
ELISA manual. * P< 0.05, ** P< 0.005

[Derm2 ehg—v Faggrai]

15 & 2 e b RALS R AT F]INGS & 47 60k % > K3 & — 1 en51 3 (primers) > § 4 i& (7 Derm
2 A Flemig 7 0 I &2 GST-tagged (Glutathione S-transferase) i siig {7 §-v B ehi i > j:iﬂ * Ecoli & %%
i kA2 L &0 rDerm 2:GST 39 B > rf1{s F 2 447 - (Figure 5)

M1 2 3 4 5 6 7 89
i

"=== ﬁ ==
e =" ?-’ i‘\
55 kDa —— wa =4 \
40 kDa [ E — rDerM2:GST
--'—‘ '
oo——- !
25 kDa —| ;,. — GST

Figure 5| SDS-PAGE analysis of rDerm2 purification process. The rDerm2 protein was purified by GST column. The

fractions were collected during the experiment and analyzed by SDS-PAGE. M, marker. 1, non-induction E.coli. 2,
induction E.coli. 3, cell lysate (supernatant). 4, whole bacteria. 5, cell lysate (pellet). 6, cell lysate (supernatant) 7, flow

through. 8, washed 9, elution. The lane 1~3 were generated from E.coli which incubated at 37°C and the lane 4~9 were
incubated at 20 C.
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Figure 6 | Comparison the sequences of antibody epitopes between the three difference major dust mite allergen.
(A) Multiple sequences alignment of Der m 2, Der p 2 (P49278), Der f 2 (Q00855), Eur m 2 (Q9TZZ2) and Blo t 2
(Q1M2P1) using the ClustalW. Identical amino acids are indicated by black shading and similar amino acids by gray
shading. Numbers indicate the positions of the amino acid residues of each protein. The underlines revealed the known
immunogenic epitopes sequences in the Der p 2 protein. (B) GRASP representation of the Der p 2 crystal structure (PDB
ID: 1KTJ). Cycled are three known immunogenic epitopes on the surface of the molecule, based on amide exchange

measurements. The broken lone marks the groove between two beta-sheets.
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Figure 7 | Binding of recombinant Der m 2 protein by IgE in the sera from adult patient with HDM allergy.
Recombinant DerM2 protein analysis by SDS-PAGE and western. The Lanel (rGST) and Lane2 (rDerM2/GST) were
purified by GSTrapTM FF column. (A) corresponding IgE-immunoblot image from patient serum (B) non-allergic serum
(C) corresponding GST-immunoblot image (D) Coomassie blue staining demonstrate recombinant GST fusion Der M 2

protein.
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