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iﬁ?%?{ﬁ#%’{%di%?ﬂéxﬁ@%ﬂiﬁ(%m
Generation Sequencing) ~ 3¢ & #8 % (Proteomics) i%”frﬁ]“i |
2 (OMICs) tha 7302 » kaE = A3 e d i
(Dermatophagoides microceaus, Der m) #hikazi ¥ e % B (draft
sequencing map) * I ® & F 2 B3 x> kA Rawk9 F(Der
mm’i%ﬁ%@%%—ﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬂﬁl%°ﬁ%}
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PEEHLBREEEORT o
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MIgEFR T L TRk B8 > U2 PUBREF 2 ik a K E R
o L AR S B AUR R E IR BETR ISR B RN
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: House dust mites are complex species which produce

thousands of different proteins and other macromolecules in
the environment. The examination of mixture extractions
from whole mites, nymphs, faecal pellets and eggs have
indicated that over 30 different proteins induce IgE
antibody 1n patients allergic to the house dust mite. Among



these discovered allergens, Group 1 and group 2 allergens
are used to induce asthma in child patients. Clinically
significant. In the study of the treatment of house dust
mite allergens, the tests using IgE binding and T-cell
response all pointed out that the development and
regulation of allergic symptoms are relevant and important.
The research achievement of this project are based on the
novel genomics analysis methods such as bioinformatics and
Next Generation Sequencing to establish the local house
dust mite (Dermatophagoides microceaus, Der m). The methods
of genome annotation, and molecular biology massively
produced sensitizing proteins, and thereby use to prepare
specific antibodies for detection. This sensitizing protein
and specific antibodies can be used as materials for
establishing sensitizing patterns in cells and animals.
Further research on the sensitization mechanism of
different species of dust mite allergens, establishment of
specific IgE antibodies as a clinical cause for diagnosis,
and 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 technology enable the quick,
high-throughput nucleic acid sequencing technology. Based
on this sequencing technology to establish the analysis of
the sequence of the novel genome of targeted species, the
attempt to discover the genome sequence of the species 1is
still unknown, and the analysis technique can be used to
create a genome-wide annotation process for discovery.
Novel homologous genes of species, exploration of
polymorphism of relative-genes, and applications for
assessing the amount of expression of a particular gene at
different times in genome scale.

The achievement of this project: For Der m of the unique
local house dust mites, there are only limited allergen
research data available, and there is no comprehensive
research to approach a systematic analysis. Therefore, the
project constructed a putative sensitizing genes pools of
Der m using bioinformatics and next generation sequencing,
and mass-produce the allergen protein through molecular
biology tools. Prepare a specific antibody that can be
divided into different strains of house dust mites, and
further establish a test model for sensitizers of cells and
animals. For the allergens of house dust mite Der m and



o M

other well-known house dust mite (for example as Der f and
Der p), whether there is a clinical cross-reaction in
sensitization mechanism, and can establish a specific IgE
antibodies for clinical diagnosis, as well as anti-allergic
drugs screening and development of healthy foods
establishes a complete model for prevention, diagnosis and
treatment of children asthma induced by house dust mites.

Dermatophagoides microceaus, ImmunoModulator protein, Next
Generation Sequencing technology, Gene cloning, allergen
gene
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A% T - 8 & s B 4+ (Arthropoda) » BB Bedb e S d S F P E AR P enlbp Eoahded A
Fl~me FHREBPFIELAISFT R X o pad HAM U Z PR DZBH DL ¢ 5T 4
30 S eehdd WlsCh  biRhtARRASAFFE R MP §A2 5 - HahigE i - &
B e IR aFac ¢ (Thomas, Smith et al. 2002) » = 2 Group 1 (Cysteine protease, MW 25,000) &2

Group 2 (HE1 homologue, MW 14,000) #g 3| ersEac i - ¥4 % i 4 45 RTRAL CMET
EFRFNEL - Mo F A RAIREAR z’ﬂ;r-)%fzﬁ’“ ?oo 1 * IgE blndlng 2 % T-cell response i i
T FRA SN AT R B B TEOBEEERRL AT A

AP FAY S & %’jﬁé 2FFAF XA AEFE A (Next Generation Sequencing) ~ v F 18
% (Proteomics) ¥ A7 47 {£ T4 8 | (OMICs) ek 47 jF » ki = & 3 M & A& 4% (Dermatophagoides
microceaus, Der m) =3k &7 & F] & 3 B (draft sequencing map) > & ¥ &+ 4 H F o 2 kA § & RATFv
#(Derm?2) > ;‘T_"%‘gﬁb REE S - PPRRFLEFRARPIOLE c RATFG F 12 L& - gt
TR E D i 3 BB hRATR B TR MR o F TR - 5 H 2 R RIS R AT R DR AT 1A

T2 B IgE M IFLTRARFIZDET E LS o (VBT BEARM R ES 2 R S5
HU B o o 2 L il &
xH Amﬁjﬁ:ﬂ'\“ IE]‘} N '—xﬁ'ﬂh‘:ﬂ]ﬁﬁg‘,?}*j}i/{h— ;I- }:\;-;b':,{h‘ﬁ‘f {fr;}n;f@mﬁl}r‘].géﬁ}:;

7 eni 45 (Metzker 2010) » ¥ 3284 B en ik FIRE B 51 > & ;i-@?é\xrmrﬂ e R iE 2 TR
PATFIHEI B OHES > UFERP 1B RT A R # #](homologous genes) ~ 45 3 & %] &0 % 4| &

2L A4

(polymorphism) » 12 2 3G F T A F e FRH LR EEFN[/T o

A E R R B RS S Ak Ak (Der m)o 2B AL RA S B R G R
SREARRFL TR TR FARM R G AR TRE T 0 AP FF Y %ﬁﬂ 4#"; g%
RAFIZA ~ F9 FHGAAD 2> ASfilch FEMORFTRAFIE ¥ ZFLF2FF 5
KEARFSRID B ZWHET 27 b &k TSNS - Bl - 22 i & B IR AT
Bz B3R o 40 HcE RS RATRE E B ¥ L e o Tek F £.F £ F 2 3 F Ji(cross reaction)
SRATHG] > T2 R - IQE U TS TRA LRI Y > N FLEAES 2 BE 8 DG ERY
B REARITHE R EAUERE IR C BEE S R O o
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House dust mites are complex species which produce thousands of different proteins and other
macromolecules in the environment. 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. Among these discovered allergens (Thomas, Smith et al.
2002), Group 1 (Cysteine protease, MW 25,000) and group 2 (HE1 homologous, MW 14,000)
allergens are used to induce asthma in child patients. Clinically significant. In the study of the
treatment of house dust mite allergens, the tests using IgE binding and T-cell response all pointed
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out that the development and regulation of allergic symptoms are relevant and important.

The research achievement of this project are based on the novel genomics analysis methods
such as bioinformatics and Next Generation Sequencing to establish the local house dust mite
(Dermatophagoides microceaus, Der m). The methods of genome annotation, and molecular biology
massively produced sensitizing proteins, and thereby use to prepare specific antibodies for detection.
This sensitizing protein and specific antibodies can be used as materials for establishing sensitizing
patterns in cells and animals. Further research on the sensitization mechanism of different species of
dust mite allergens, establishment of specific IgE antibodies as a clinical cause for diagnosis, and
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 technology enable the quick, high-throughput nucleic acid
sequencing technology. Based on this sequencing technology to establish the analysis of the
sequence of the novel genome of targeted species (Metzker 2010), the attempt to discover the
genome sequence of the species is still unknown, and the analysis technique can be used to create
a genome-wide annotation process for discovery. Novel homologous genes of species, exploration
of polymorphism of relative-genes, and applications for assessing the amount of expression of a
particular gene at different times in genome scale.

The achievement of this project: For Der m of the unique local house dust mites, there are
only limited allergen research data available, and there is no comprehensive research to approach a
systematic analysis. Therefore, the project constructed a putative sensitizing genes pools of Der m
using bioinformatics and next generation sequencing, and mass-produce the allergen protein
through molecular biology tools. Prepare a specific antibody that can be divided into different strains
of house dust mites, and further establish a test model for sensitizers of cells and animals. For the
allergens of house dust mite Der m and other well-known house dust mite (for example as Der f and
Der p), whether there is a clinical cross-reaction in sensitization mechanism, and can establish a
specific IgE antibodies for clinical diagnosis, as well as anti-allergic drugs screening and
development of healthy foods establishes a complete model for prevention, diagnosis and treatment
of children asthma induced by house dust mites.
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#J- 4% (house dust mites, HDMs) />t — #& 5-f84F s ch & 5o #: 4 F* (Arthropoda)sh2 4 » A £ ¥ 2 4
P FHOT AR TR TR IR E L IR R K E AW W2 RS E R
TLEF R A AR A T BB e 5 ARB 30 AT gy %i’#ﬁt%z:ff;—,%*ﬁ L E R R
4 IgE #48 > 513 > HDMs & 4 a7 ande i - (Thomas, Smith et al. 2002) #&iEit @ 3 RAERR
¢ » x 12 Group 1 (Cysteine protease, MW 25,000) £ 2 (HE1 homologue, MW 14,000) #§ 3] si§ 5T &
HYWHEFAFAI I EFREFNE-BALRY - 08 RAMGENR DY » fI* IgE
binding r+ % T-cell response 7R S #8dp I E3CF P B HA L 0 FI i S EE FAEBR ORI R A
Flo{WEIa 1L ERIMBEAR R -

I~ % p e
F i RIS AT A L R ADODNA BF A L A A3 HauT g i,‘;;%’d X -
oA T2 A (Next Generation Sequencing) 2 ¥-v A F (Proteomics) <48 & (OMICs)* i » -

BEIG ANEARI PHKELBORTAT) PP REAEEARFY FRiFZE2 L - B -
PRy PiTad>m%ed P nRITNFIZET > T 0 308 - 30 p A RATH R agg 4182
?if viEZ B - 1 IgE P TT S TR R FISETZ 0 LR RPN B LB AR 2 B R S o o 1T

B AT T o SRR B AT TR

I~ 7= 3 =

S & 2R FE e (Next Generation Sequencing, NGS) & - 38 M-ik ¥ = B enk {745 Je 2 i B 7] endt

e o (Metzker 2010) B kx5 > #74 %fr;iv’vﬁﬁ'ﬂéﬁ% PESRINAE %ﬁ?g%#ﬁﬁmé F1H B 7Rt R ik

T AT 2 AT AP AF RS BORTE R RA FIE A - A Rl
% At (polymorphism) » 2 2 R F T A FI A F P HELI R EEZ L2 4L o

IV~ % &2343m

*ETVEPR S Derm 7B EREY PRy AR RGE Y 0 MR EHWE - BF
NRAIG AT f iR o Ft 0 AP FF Y ;gd 2HFFREZ AR F A (Next Generation
Sequencing) v ﬁgﬂgﬁ(Proteomlcs)rﬁiﬂgﬁ(OMICs)nﬂ E o REA A PHE FABNRITA T
FEAREARRTFLZ2E- P kP PiTiE2 0% 2 B RT3 - H 0
BB R DRI AT~ E 2 B - 1 IR AR IT S TR R FIA T o rL R $N P B P AT
Fyr itk @ RoihE  TLER Y18 EPRE T
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g A gty ¢ s fA-d%(house dust mites, HDMs) »t — f&4F & ch& ik # 3= (Arthropoda) » ¥
VAL RF PRI e TALE LS E’ﬂ’#ﬂ%‘r PR A K H AR PRGNS
WS F ARE 30 S P ehded T MERE G A F F A L P A2 IgE Al > 514 10 HDMs

A 2 EAT g B o (Thomas, Smith et al. 2002) RIpE © FIRcHBATR Y 0 X 1L group 1 (Cysteine
protease, MW 25,000) £ 2 (HE1 homologue, MW 14,000) 33| criG st R FF A AL F4 &3
BB Fehk - 2B E &2 - (Chapman and Platts-Mills 1980; Lind and Lowenstein 1983) [ p¥ 245 = f#4p
BEcvh B oS3t & B 4 g ak(dungball) ¢ %2 5 0.15ng sgroup 1 AT R 0 @ ¥ TR A R
MTmE LR AR E AT A2 20 E kit 9 100 & e pAeds h- ET A 4 2 Ug uB AT
B e @R E VTS PR E - (Platts-Mills, Thomas et al. 1992) e F e f/k s £ s i £
FEPoo» BZP s o RAISEAT R 0 B 4& 2 SKin prick test, histamine release % IgE binding % # %
B plE = i 0 2 FF Y 80%-100% g 4 % § B F s o (van der Zee, van Swieten et al. 1988;
Meyer, Bond et al. 1994)

i ¥% Next Generation Sequencing (NGS) =4 157842 > » 477 Der m e 148 (Genome) i&
%8 (Transcriptome) » & > ¥ :3F 78 & 4 e d IR ORATAFIE o & 47048407

| #{% RNAs or Genome #m |

v
I | H—ftwEFERE | | E—twErEEE |
I Genome library .
J, ¢ l cDNA library
n [ EEEBRS—tasRDE HERSEERLNESNE m*ﬁﬁﬁﬁfﬁﬁﬁﬂ
V y
E R B F5IMR I F (350bp) E R B FFINRE R "
. w 53 R B 5IRIR it R (90bp)
v (e ERF 5 L) (EEERFFINES) (8RR
§ abyss (k=32) Picard 1 s
AAREBRS | Atk o
blast HERR BRSNS EER BERSRES
ﬂﬁﬁﬁ&ﬁﬁ#@%gaﬁr Lol 3 b
D HEGRBRFIRSEER
(H RIS BT RO 1E) igv and vcftools (HEEE)
sim4 v ,I, cufflinks
%18 neo-antigens and MHC BYRENEEMNER HAHEENRRE
V| wafsRrEnesRER % B (polymorphism) (FKPM)

Figure 1| fiz$ AT A FIH TR chFn T, fI% 2 & 25 HAFe 7 4 F1 4 R iRl 2 37
A TV IR AT » G R A B R Y 51 R -
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[ZH & 25 F B2 TE 3 & fR R 4]
B et TR AP AR NE Y X R A FIRA S B REAME RIS R Fen

R T URIRAS TG S 2380 (1% degenerate primers) > B pERF 0§k Kenig zE(clone)

.

Plorh AT > ¥ 3 W o deip]- & 4 B oniaT R F) (putative allergen genes) ;e PR fie £ 4 @A R
12 (“Long” reads £2”Short” reads == 3%, 4o Bl 1 #7r7) BvF - # > A7 SR RFGAFIF G 3 AL
ME ZEEHRITPM G o

PRl 3 RAME e AL 74 (reference genome) AL 0 T & “rBEoT cnE gt ABYSS A7t
K £ ¢ = & (de novo assemble) 17 ViE T A FRE e K o @ KA FE R/ HF AL @ * pair-ends i
B3N E & G 250 bp » & w[iE (7R A £ 7 7,343,792 i reads - ## & Q20 & iRl A G E 1,743,770,754
bp o #4258 kT chddicde™ » H Y S H k=41 kT ATk X ¥ e 268372 ifke sy
£ (contigs) » T 3=E R A3t 500bp shie & FE A F 309030 0 A HP B K e g FEGE R S 164,097
bpe izt & FHAFME L S% T he LR X7 BN EFT - 3 {1* Derfand Derp
i ac i 7 Derm 1-Derm 33 iR R 54 45 o (Table 1)

Table | | The parameter of abyss that a parallel assembler for short reads in the Der m genomic sequences

1,034,509 40,804 8,803 1,569 3,785 3,332 54,290 54.37¢6
31 506,674 43,966 7,729 500 929 2,046 6,342 4,790 61,780 70.05e6
41 268,372 30,903 3,052 500 1,484 5270 19,533 13,213 164,097  80.71e6
51 169,243 28489 2115 500 1,560 7,542 28,418 18,721 180,835  80.92e6

61 121,575 27,962 1,968 500 1,589 8,072 31,433 19,844 180,861 81.61e6

k: size of k-mer (bp); n: number of contigs; n:500: number of configs > 500 bp; min: minimum of config size; N80, N50, N20:
length of a contig from a set of longer contigs whose combined length represent 80%, 50% 20% of assembly, respectively;
E-size: The sum of the square of the sequence sizes divided by the assembly size; max: maximum contig size; sum: total
assembly size.

Ry kn T 74 % 0 B 7|0 5 k2 (Diversity) &= HMD ne - BE LIt BRFSEM
IRATREF g F O T-cell F s F 72 R A EE AL ALAF T T K & (Smith, Hales

etal. 2001) - F]pt 1 * I AR Fle /e i (Figurel) > 7 w7 §et 5 % o 7 Pl ig i RAgh e

A
—

FA T o L X RAFIRA PR 3 AR g (7.5x10° bp/run) o 04 B 2 B A A
200x10° bp e B-d% 2 F148 > 3 >t 35 & A 5| R E F(Coverage) > 5 2 vigfkehEet 1 B B
R RAARFIRenS ARALREDEE SHOT A EE N A I A2 kAR

AR RS AT B - B BRRAR S AR A (T B2 o @Rl
6



OVA RAach 5% » B 1% RAIGRACE 2 Flen™ 38 9 2 nlmbe 2 B 5 R AR

Sk

—

Ri&— ) G J o L AP B i A enfles o (Table )

[R5 R A B 2 T

% 1920 & % = + 7A-4% (household dust) &
SR BB FADERR SR ]
BHEF

P RALIR B feh g M0 E ) 1964 # 4 \Voorhorst R, &
90% i #h s & R 1§€$5§E(Skin testing) » & ¥ RAE
m = & 213 Voorhorst R, & A 4 I > kK 77 e gA-d%(house dust mite) » iF £ & F-v
T4 AL s & R F e 1087 £ Platts-Mill TAE. # 451 > & A-45(Der p) £ 4 A% (Der f)

¥ 3k 90%17 b eng vh B 0818 wie LB R chi AT R s o 199k Chilmonczyk B.A. %
- RERENFEASDD o HRRF RS F R ERIAPMET) o bR ERATOR R
FoHEE w2 FANTOTRE R TR B b 90% 0 F g ey R 0 A 175 B B ATE T
P B TREMS ) AR IR R GRS

LT e
A TR g

7

L B
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Table 1 | Gene structures of putative D. microceaus allergens confirmed by Next Generation Sequencing analysis.

4 | Length | No. of

Gene * Biochemical function © Molecular Basis

Locus tag"®

(a.a.)

exons

FPKM ¢ Der f (American)

Der p (European)

IgE binding &

Der m 1 9956414 Cysteine peptidase proteolytic activity 321 6 140.2 ABU49605 (92%) P08176.2 (84%) 20-100
Derm2 1001166 MD2-like lipid binding protein lipid binding 146 2 937 ABL84753.1(95%) AAF86462.1 (34%) 80-100
Derm3 1003695 Trypsin-like serine protease proteclytic activity 259 2 ACK76293.1 (94%) AAA15973 (78%) 16-100
Dermd4 1006825 g-amylase others 525 3 3.53 AIPB6946.1(99%) AAD38942 (88%) 40-46
Derm5 999417 Structural protein chitin binding 132 2 909 BAE45865(87%) AAB328432 (75%) 50-70
Derm& 1002640 Trypsin-like serine protease proteolytic activity 279 3 159.0 ABWS82654 (52%) 40
Derm?7 1005778 Unknown Others 213 2 1.1 ACK76299 (85%)  AAAB0264 (81%) 50
Derm8 1003214 Glutathione-S-transferase Others 221 2 0.9 MO08867 (96%)  P46419 (70%) 40
Derm9 994782 Trypsin-like serine protease proteolytic activity 235 3 1242 AAP35067.1 (96%) AIO08869.1 (52%) S0
Der m 10 Tropomyosin Wuscle related 284 5 ABUS7468 (99%)  ACI32128 (58%) 50-95
Derm11 997204 Paramyosin Wuscle related 875 11 1.1 AI008864.1 (98%) - 80
Derm 13 Lipocalin lipid binding 131 2 AAP35078.1 (99%) ADKS2350 (95%) 10-23
Derm 14 995453 Apoclopophotine-like lipid binding 1666 2 10,0 AAM21322.1 (88%) AAM21322 (88%) S0
Derm 15 GH18_Chitinase-like chitin binding 451 3 AlOD8863.1 (99%) AAYB4564 (93%) 70
Derm 16 1000414 Gelsolin-like Others 480 7 12.3  AIO08859.1 (97%) 50
Derm18 998970 GH18_Chitinase-like chitin binding 462 3 AAMI19082.1 (98%) AAYB4563.1 (89%) 55
Der m 20 Arginine kinase like Others 350 5 1.0 AAP57094 (98%) ACD50950.1 (36%) 25
Derm 21 999417 Structural protein chitin binding 136 2 AHC94806.1 (92%) ABCT3706.1 (69%) <95
Derm 22 994603 MD2-like lipid binding protein lipid binding 156 2 ABG76195.1 (97%)
Derm23 995003 cChitin-binding chitin binding 120 1 ACB46292.1 (55%) ACB46292.1 (55%)
Derm24 984203 Eﬂj;g‘:;ﬁi:;;me Creductase ot ars I q AGI78542.1 (97%) 20-100
Derm 25 994899 Tricsephosphate isomerase Others 247 4 AlO08360.1 (99%) 76
Der m26 1004878 Myosin alkali light chain pretein ~ Others 160 4 AlOD8852.1 (55%) 70-85
Derm 27 994836 Serpin Others 408 2 AlOD8851.1 (58%) 35-100
Derm 28 995095 Heat shock protein Others 654 1 AlOD8848.1 (88%) 68-70
Derm 29 994909 Peptidyl-prolyl cis-trans isomerase 164 3 AlO08856.1 (99%)
Derm 30 Ferritin Muscle 166 3 AGC56219.1 (90%) 25-100
Derm31 997785 Cofilin Wuscle related 148 3 AlO08370.1 (99%) 31-100
Derm32 989339 23:;?5;15!’;;3;;:5 Others 293 2 AIO08849.1 (96%) 15-100
Der m 33 Alpha-tubulin Others 461 3 AlO08361.1 (83%) 25-100
alpha-actinin Muscle 975 10 AGC56214.1 (78%) 30-85
Profilin Muscle related 130 3 AlOD8866.1 (59%) 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).

FEAGEAT R LR G HERM M s e AR U E RS 3 HDMs ¢ 5 B-eh30 § A7
Fendy Fatrmgs » P o I5AE & g Sk > & i & RAIE- M B Ek(Derp)& £
M RdmDer f)> @ R XFEAILEFTF RIEE - L doTable | #57 » 2 ¥ 2 2 Group 1 (3-v fFft 4,
cysteine protease, MW 25,000) ~ 22 Group 2 (i* 5 iz#| 0% ¢ | auto-adjuvant, HE1 homologue, MW 14,000)

AL S TRA L WRlenA & RUMiEATR o B P Group land 2 A fiEac R £ & F IgE-binding 13-

0RO PRI OEER HDM = 2 @ 9 40%-60% =+ > @ Group 1,2,5 7and 10 7 fai &
WAL R T’w mEFHNF U EFB R L F Y 0 IgE binding Rl L F i - (Thomas, Smith et al.
2002) faBaT i it v é‘é/»\iiﬁiw\ﬁ v A FRAd RIS Y e BB AR o AR 0 ok fERE
MH (i Group 1,3,6and 9) ~ & 5 FERE L P ARE N BP KRR R 1L F (4o Group 2,4, 13 and 14) 1 2
e BT iEAR B end-e 7 (4o Group 10 and 11) - (Thomas, Smith et al. 2002; Bessot and Pauli 2011)

NGS # # T g A7y % » 24 Table 1 f1* Der fand Der p @ st cha 82 2 (GF
%% @Ak =k, ALLERGEN NOMENCLATURE, www.allergen.org) » #-4 3 4 jir & 7B 4% e AT A 7]
A AreniE % > B3 4e Table 1l p 540 B 7|k Raas 78 % 0 1351 33 B 7 it (putative) i a7
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2,and 5> H ¥ $#30 iR WA IgE chs & 0 Bl Ed AR R 1* Der f o SKin test fek T4l A
7 % > *80-100 ~ % 80%-100% E M+ & & > &% 2 Derfland2 # 3 % % - (Table 1)
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HEe ¥ weF s 231 B = FF g AR 2 1=2% (4o Figure 2B)- # @ Thr38 z 2k ik X_3f iR o protease -k
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faimgho @R ehDerml Fv B¢ @I iEAT > 2k 5 138 B 4 FApL(signal peptide) ; 4 =
B X4 & Al EL (40, 69, 103, 109, 141 and 155) %1 5 Cys ehix % %’ﬁ“é Derpl¢ Derflehigip*
TRR o BT 5 0 AT S hiz ¥ 0 A W 5 40-155, 69-109, 103-141 B B2 B egp 3 g A) 0 @
‘=4 F1Al B 5L (Glub9, Cys72, His208 and Asn228) “7hfi7w chw i & A =¥ -4 W L4+ Derm1l F-v
fept 2 sty o oM 4 F e (Thr38, Cys69, Glyl50, Aspl92 and Hisl199) % 5 B z fLpk enin
o bt R B AN M R e H Y Ser39 5 T ARE B AR FEAEY (UniProt ID:
P16312) #riz§tehDerml %4 A5 £ & 2_ JeGlIn -> Ser) o

(A) (B) GAINHLSDLSLDELKSRYLMSAEAFEQLKTQFDLNAETSACRINSGN

VPSELDLRSLRTVTPIRMQGACGSCWAFSGVAATE SAYLAYKNMSLD
M Derml LSEQELVDCASQHGCHGDTIPKGIEYIQRNGVVQESYYRYVAREQQC
RRPNSQYYGISNYCQIYPPNSNQIRESLAQTHTATAVIIGIKDLRAF
QHYDGRTIIQHDNGNQPNYHAVNIVGYGNTQGVDYWIVRNSWD

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 m 1 gene, strain oriented by arrow in additional to the bar and line indicated the exon and intron region, respectively.



4o Figure 2C #hg 7+ > BRI Z 4% % & 7]~ 47 (Multiple Sequences Alignment) =% % > H @ E7 < %
L es e d s (active center) ~ & B a3+ B & = (metal ion binding site) £ st (disulfide bonds)
=% > B3 & & SEF M (conservation) K,ért 7 His199 ehix ¥ &2 Derfl4p ke ¢k » @ 22 Derp 1 (Arg) 7
£ B o 4o Figure 2D #7& 1 NGS reads ‘= % (assembly) Der m 1 A F](efF25 > #-41* Genome library
At kel TR S B> #2 mRNAlibrary #12& = A2 el F1 4 i B B 27 5 s gt ¥ (alignment) » & o
%A Fd 6 BtEgS (Exons) #riEa o R pEs 7 1% FPKM (Fragments Per Kilobase of transcript per
Million mapped reads) kX 3f 5 3% A F1 & e 5 F oA~ & 70 £ NP B e LG40 B om 30 A & Derm
1 A 7% (genome assembly) -3 » B oav 2 541 * abyss 1 & #-= & (RRIE P E O ATEES G
BoenZh F1R8 7 B(contigs) 5 e FEerf ] RNA library #72& = 4= cnfl 714 i 7 B2 % (gene assembly) s
% > iF B sim4 f23N 2 (7 A T A 727 cDNA 5 7 vt 4t (alignment) s % - &8 Derm 1 A #1584 6
BB (exons) #riE s e pFs ¥ ‘}'J * cufflink 2 & 2 FPKM (Fragments Per Kilobase of transcript per
Million mapped reads) == ;= > ks &% Derm1 L 7] apk s RAEMRS¢ & E - (Figure 2)
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"righ (MS=803.4047, Z=3) » £ ¥ {|* tandem MS/MS ¥ #2(Fig.3A) » 7 z_Der m 2 % — {#chiek
(“ANLDGLEIDVPGIDPNACHFIK”) » £ =9 =+ %] & Derm2 %2 % & 7z - (Fig.3A and 3B)
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Figure 3 | Proteomics data and recombinant Der m 2 protein by IgE in the sera from adult patient with HDM
allergy. (A) and (B) The unique peptides was performed using the ThermoFisher Scientific™ Orbitrap Elite Hybrid Liquid
chromatographic—Tandem mass spectrometry (LC-MS/MS) quipped with a Waters nan-Acquity UPLC system. Raw
LC-MS/MS data were searched through Mascot search engine (version 2.2.0, Matrix Science) against Der m allergen
proteins primary sequence from NGS analysis. (C) Recombinant Der m 2 protein analysis by SDS-PAGE and western.
The Lane 1 (rGST) and Lane 2 (rDerM2/GST) were purified by GSTrap™ FF column. (1) corresponding IgE-immunoblot
image from patient serum (2) non-allergic serum (3) corresponding GST-immunoblot image (4) Coomassie blue staining

demonstrate recombinant GST fusion Der m 2 protein.

B FHE S G oA {1 FHKRA TS 2 5§ A% ThermoFisher fk 2 2 #73f B ¢
LC-MS/MS i b » #-A g% it ch Der m fe e 306 FH o o 7 £ 41 % ip4p ¢ 3# % & (liquid
chromatography equipment) » 3 3 & i* & 4~ > (separation) > # » Fig.3B 4~ %] & A i - M
4Pk 4a (MS=803.4047, Z=3) > £ =_Derm 2 & — {4 &347°5x (“ANLDGLEIDVPGIDPNACHFIK”) - @] * &
TREEFY LG B e Derm2 o (Rl % A F 4 £ ¥ M(Fig.3 Cland C2) » 4 w7l
*oanti-GST el 2 Fov A ¢ 2 > FEY B HTER S 2 k%#E T4 0 rDerm2:GST £ & F-v
g 24 fteh GST (Fig.3 C3 and C4) » s {1 % A FIE e 34 o d < s Ford A end e fov TR
%F 0 &5 444 Derm2 % - i IgE $RAE T o

&4 INF-y 1838 - 9 eni 45 > 4o Figure 4 &7 2 > ¢ ¥ 9 hPBMCs ‘¥z 2 FIP-fve chj-v
’%7%?{? VU e KA IFN-y, @ ¥t Derm Rtk F-v %‘rmﬁ B pon Y HFHEZE IFNy

ek s B T e gk o (Figure 4)

600
IFN-y 450
pg/ml
300
150
0
rFIP-fve - + + +
Derm - - 20 100

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 upg/ml), rFIP-fve (100 pug/ml) and rFIP-fve/DerM for 48 hours and operated followed by
ELISA manual. * P< 0.05, ** P< 0.005

[rDerm2 eng-v FiEs ~ 2B
g & 2 P g REASPRATA FINGS & 47 e % K3 & —ehs] 5 (primers) > 7 L i& {7 Derm
2 7 F)ehig 78 (Fig.5B) & ¥7 GST-tagged (Glutathione S-transferase) & stit {7 3—v F ek i > £ 4 * Ecoli

GkiE s KA 0 rDerm 2:GST 3¢ F o & % & — {47 Derm 2 IgE #248 #7338 - (Fig. 5C and 5D)
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#-ih i (s enrDerm 2: (His)e i 79k i etk > 2 ¢ Figure3C &2 D & % & £ 1% 7 FF F-v
BAEaniE T o kB {7 UM A& & B2 (immune-blotting) 224 5% 27§ % ¢ ;2 (Coomassie Blue) 3-v¢
FAr o B 3 a3 8 154K Dahiz » & F 433 i folb d 1k 17743817 Fd Fens it o 2
Pz BRGNS % > BT & 18C B & 3 IPTG Bie 4 d«nig T (Figure 5C line 3) » ¥ 12 &3 i @
Pl E 5 &t arDer m 2:(His)e - e P % &% Derm2 hi — Mk ~ 2 ¥ S E7FEA S 2 > h%H

“r % if 7 rDer m 2: (His)e 13-+ 4~ + £ 2 & - & o (Figure 5C and D)
(A) I 0 o I »
der_m2_dN
der_m2_ :ls
der f21 .-
der 22
der 25 ----
der 23 ----
der 2.4
eurm2|
(8) (© (D)
tac pror;:t:r 18°C 37°C 18°C 37°C
Dm2dN pGEX4T1-rev IPTG - -\\e+ +\ - _é+ + PTG - - + + N - - \+ + X
g insi ; ) N N . X & i
" thrombin sie ‘_)\)Q & (_)OQ & N & N ‘,OQ Qé X Qé\ N Qq}\e ‘7\9 Qq}\e
< BamHI(g31) -
lacl e N foa s .4 3 _ i
Sal1(1003) -..:.ﬁ‘ . : =
Dm2-pGEX-4TL ™\ omaaw poxaTror oo - . - QE’
5398 bp 2 25— L=
Dm2 20— 201
‘/“’ Xho 1(1384) 17— pr— ' E 174
laclq promoter ' Not1(1390) 11— ~ J 1 E -
: AmpR promoter

ori AmpR

Figure 5| rDer m 2 construction and SDS-PAGE analysis of rDerm2 purification process. (A) The multiple
sequence alignment of rDer m 2 dN (truncated signal peptide at N-terminal of recombinant Der m 2), Der m 2 cds
(putative coding sequence by NGS assembled config (1001166), Der f 2 (1: AJ862837, 2: EF139431, 3: AB195580, 4:
AY283288, 5: S70378), Der p 2 (1: EU346693, 2: AF276239, 3: AM263560) and Eur m 2 (AF047613). (B) The gene
construction of Der m 2 dN using the pET29a vector and E.coli. strain BL21 (DE3). (C) and (D) The rDerm2 protein was
purified by GST column. The fractions were collected during the experiment and analyzed by SDS-PAGE. sup. -

suspension, IPTG - Isopropyl 3-D-1-thiogalactopyranoside The lane 1~4 were generated from E.coli which incubated at
18°C and the lane 5~8 were incubated at 37°C.
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https://www.ncbi.nlm.nih.gov/nucleotide/AJ862837.1?report=genbank&log$=nuclalign&blast_rank=8&RID=WK2MF33B01R

[Der m 2 $uf i Z_ixehi 7]

1395 % B 7] s 37 5% % (Figure 5A) > 77 1 e A 7]t % Der m 2 £ Der f 2 (95%) £ 7 fr
Der p 2 (84%) #.7 & R et iu /& 5 iw it 3o = &8 chib 45 % & 7 (Figure 6B) » ffuh Pt b 5 ¥ shii
J - 2_i=(MAB 6D6 and mAB 7Al) R ' ki & (¥4 Derm2 & Derp2-2/6; 3 ¢ Derf2,
and Burm2 - 0/6) » £ 2 i 47 » 4 230 e frend 6 B 5 A ¥ - B RS (MAB oDpX) - 15
TERALE (EY Derm2 £ Derp2-2/8; & Derf2-2/8) % = 4% & ch 4% (Derp, Derf
and Der m) » 3 4 gyt 2 B 45F 2 3 & Ji(cross-reactions) 252 powi A e % & Laprkehs

AT HB A P RAGOA 0 T - BT R AR 4 kY 0 k- 9 A 45 o (Figure 6B)

10 2 30 0 50 6 70 80 % 100
I | I | | | I | | |
PRI NI < IR LB L LvaaviEloavD VKD C AN Bl cfc sple e nrG k[dr [Arjanan @ @dall €1 k AR oG efovec 1 DEINEYC HEEK C P L VK G
DA R < IR C LS L L vaaviBlpavDvkDc AN Bl cfllc silp clli HRG k[IF IS (rplanangd @Al £ 1 x AR DG ElID VPG 1 DINEYC HEZNK CPLVKG
Derp2 BLAAKEREC LEIL LVAAVERRDQVDVKDCANLG] IAVEIG CRIG S3P CR 1 HR G K[ F [} MFEANQNRRGIALY! E | KABEDGISEWMDVPG | DINEYC HRUK CP LVKG)
Eum2 - - - - - - - - - - - vaavi¥loavDVvkDCAN[] Bccf¥csfde i HrG Y F WriananSITIALY £ 1 x ARloGMeliove G 1 offInc u@¥k cPLVKG
sotz  -mr[dr 1 [YAMRYs e AaGcG ok F T AN HGAVTsLoLs[Rds(q- onld IR EEs @ lx v [ X0 s e x o efixPISEY mnn 1 [Jv e MEXGVEIk DG [dx v 1 7[R« (€9
110 120 130 140 mAB quX
| | | |
DR PEMolly o 1 kY TwNvP[§1 ApkSENVVVTVKLGDRlGVIACA T ATHEK I R D)
Derf2 YDIKYTWNVP1 APKSENVVVTVKLEIGDIJGVLACAI ATH[EK | RD
Derp2 MypikyTwnve[§iapksenvVVTVK Mcoviacal ATHRK I RD)
Eurm2 dvyo1ky TwnveP1iAPKSENVVVTVKLIBGDIGVLACA 1L ATHENK | R D)
Blot2 KRAE LORES LV T TRRLEIN - LK T TRIA SRV HERJVESSGKVNTEVVD -

mAB 7A1 mAB 6D6

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.

[$55 4 2 B8 R - chig Rl 4 17 ]

K- R 7lehz BG4 17 0k % B or (Figure 7A) > Der p 2 ehi-e Fd & i franat (disulfide
bonds) #fi = » I ® 12 beta T 4= (beta-sheet) hiz4p = i » &7, 5 4% (Lipopolysaccharides, LPS) %
AR chr i3 M om = Bk B & =(MAB aDpX and mAB 7A1 and aDpX) ¥ 3 F-v B ek
(loop) ¥ 3 » 3 E530 7 — ) I ERFLR A v ek 3+ o (Figure 7C)
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¥-25 o pzmd g rDerm2 3¢ Feugfer » (AF %352 ¢ ;&4 (inclusion bodies) > @ # %
Pl i f g R P10t 1245 SignalP 4.1 server A 470 % > BEor Derm2 F-v e N-4 18
Bref e B 7] “MISKILCLSLLVAAVVAD” % signal peptide 74 it (Figure 7B) » f+ %5 4% *;ﬁm%\ %
ed o gdraded Fend ¥ 4B Tt A rDerm2 F-v FA TP 3k 18 BrRARM Y
FHH 50 B g 0 ek F C-sB4e ) 6 1 Polyhistidine-tag » 4 % g 7 4 g e
28 4 4774 18 {7 %5 v o (Figure 5C and 5D)

(A)
Sequence Chain View
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scor JMajorimit =1
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Protein Modificatio
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).8 ’
06 ’
5 e e
® 04 |
02
1
oo W] |
signal peptide
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Figure 7 | Epitopes-based analysis of recombinant Der m 2 protein by bioinformatics tools and protein modelling.
(A) The Sequence Chain View of major house dust mite allergen from Der p 2 (PDB ID: 1KTJ). The brown and yellow
arrows indicate the beta bridge and beta strain, respectively. The deep and light green line revealed the turn and bend
structures, respectively. The purple line indicated the 3/10-helix structure. (B) The signal peptide prediction of Der p 2
sequence using eukaryote network of the SignalP 4.1 server. The corresponding N-terminal 18 amino acids of
“MISKILCLSLLVAAVVAD” of Der m 2 reveals the yellow box. (C) The homologous modelling structure of Der m 2 based
on the Der p 2 revealed in (A) as the template by the SWISS-MODEL server. The red, blue and purple ribbons represents
the monoclonal antibodies (mAB) of aDpX, 7A1 and 6D6 recognized epitopes at the corresponding positions of amino
acids to Der m 2 sequence, respectively. The protein secondary structure modelling drawn by NGL Viewer server

(http://proteinformatics.charite.de/ngl-tools/ngl/html/ngl.html).
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