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HPAI 243 (2014 Y 2015) S HPAIS ghai ol 3y 8of
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22| a 2 [ 33 »21
Lageca 7IEt 0 1 3 1 -
x wHEHE
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Update on Avian Influenza Findings
Faoultry Findings Confirmed by USDA s Natlonal Veterinary Services Laboratofies

30,731,873

147

Detections Reported
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The current strain of avian Jni‘luenza'may be found in wild bird populations around the
globe for years, so primary breeders call for heightened biosecurity, recognition of

compartmentalization, and geographic dispersion of genetic stock.
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FobA, RebRE 47 RAES oEaA ¥t %

—activating Genes (RAGs)o] &7 % A
S HAFAE(Suzuki et al, 2004).

p=1
59 WY A2 AT g

A HE N (Lamprey) &0 (Hagfish)

Haol 9w A= Fo  AHFFE(agnathans)Z2A  AFES= FL3 A4 F
5 obF = Aepx|7] de] e FAgoldtal of AR A
Aot 7] T2 AAAA FHH S

o %
S (Pancer and Cooper, 2006). ¢ HFFEd st F5HI] FH2 7% TAHLS

o
.

N

] do

typhlosole of lamprey larva@ +2]%F lymphocyte-like cells (LLCs)9] transcriptome 4]
oM AlFts=d, wE FEFIE fFohRet Hlastd ZE2FHA FSHII2(T cell
receptor (TCRs), B cell receptor (BCRs or Ig) @ MHC molecules®] A5 o] <l
E Aoz ZAEJAN FobFe 7o T 2 B AlEZe} fAFS lymphocytes 2Har )
a1, o]E A|E3: variable lymphocyte receptors (VLRs)E zril 9ldS(Pancer et al.,
2004). 7+ A o2 VLRs< leucine-rich repeats (LRRs)e] @@= A o] A ¢lal,
ol AL FoF9 germ-line VLR (gVLR) gene/so] A A LAl W osle] 7|5S
3ot ZAEHZA 28EE A A S BolF9 S (Pancer et al, 2005). ths 2ol
A AN AAE FFFEANA HLA 224 receptors, B cell receptor (BCRs) ¥ T

Antigen  Pattern m{:ognision

c e 1 1 receptors receptors
Mammals (humans, mice)
receptor(TCRs)
Birds/reptiles (chickens/snakes)
° - =
l‘C T 9—]’ Z:} ‘7“% Jawed Amphibians (frogs) & §
vertebrates 1{3 @
=2 Oﬂ A9t HET Bony fishes (puffer fishes, zebrafish)
01 9}\ 1 _1_'3_ QJ,- 7—4 Cartilaginous fishes (sharks, skates) g g g
Lampreys Sllm ==
- Jawless
=T 2 N e 2=
T = o]] '] . vertebrates Hagfish g <
VLRs E'_]_' HE Urochordates (ascidians)
Invertebrates
Q 01 9)\ _‘05_ i Cephalocherdates (amphioxus)
Echinoderms (sea urchins)

SAS=0AM HAM 214 2 H (Kasamatsu, 2013 Microbiology and Immunology)




N
oX,
o
2
T
12
o
2
rlr
<

2| el VLR-A®¢ C, VLR-BE &&= VLRsS Zt3 g, Alxx%
A Y AE Y] et # 9 E S (repertoire) = XA A HEEHO Qe HIZESS] o4
He gy 1 ARZ tYstrld, VLRs2 7479 39 dAEH Y vkstez 3

A4 st=d FE(Alder et al, 2005, Pancer et al, 2005,
Rogozin et al.,, 2007). T3t F <79 Lymphocyte’} %5384 VLR genes 33t AL
2 dH a1, o] VLR gene 2342 THAE] 3k AFol A germ-line gene $2 &
flanking cassettesZ B r#fdk t} %3 Leucin Rich Repeats (LRR) EE©°] A¢lslE= o
g S AAE Aoz W3 HS (Alder et al, 2005).

FoF 9 98 7]#o] Lymphocyted 223 AF&o] #Ag (1) dr-FolA #H&H=

Hol 7] F 3ol superneural bodys 3] FH & xew, xHsAoR 1

= b goki=u], o] ote AAES} 5T BE dA Yyt
:"?I_

=
Vs, (2) AZolFo ANFoM THREE AAY FoF

lymphocyteZ} 213 Atolo 4o gl=d], o]A2 4l7%e] Lymphocyte?] T2 F o st
AedS FPHS Bl (3) A WS HY9 lympho-hematopoietic cellse] A3t 1L
freol ghEol #1213 Typhlosole®] 714 W23k 223t Hof FoA ##EE o] o 7|
AA] ®3} g wtdo] #o]8(Saha et al, 2010). == €], VLR-A%} C, VLR-B lymphocytes
So] z7] 4317]3#, lamprey larvae, @<, A% typhlosole 2 o}7}u] H-9jo| A =7 %
EHI G E Q] VLR-B lymphocyteZt opb7bu| 915 Al &j&k 7]e] W7o 4 of &

A5 S (Guo et al, 2009). VLR-B lymphocytex= @A} A Ao|x s Zo] A
HA3L, VLR-A% CE lymphocytes ot7hm|dlA &o] TAHAGY= AHL2, B7] &
Z]o] o]E AX ¢ H“:}ﬂ’rlgiﬁ FAREHM oA AFALAEE HFH.

obg] I ol FRAHo T WA (Eptatretus burgern®] VLR-A, C ¥ -BEA 2719
VLRs E}4°] 9}%31 ol5& ATl B & HAH FF (E. stouti)®] VLRI H] =3
T4 =S i QLS. FE+= A signal peptide, N-terminal LRR (LRRNT);
18-residue LRRI1followed by a variable number of 24-residue LRRs; a 13-residue
connecting peptide (CP); a C-terminal LRR (LRRCT); a threonine/proline rich stalk; and
a hydrophobic tail region that is required for modification of the protein to add a
glycosyl-phosphatidyl-inositol (GPI) cell surface membrane anchor® % o1¢lS (Kim et
al., 2007, Pancer et al., 2005).

LRR LRR

F '[v
Vo Ve LRRCT

e
=
_
e

=YY VIR IS HUFEZEN



e 283 2], VLR-A & C9] g 2g X2 Uiy 22 Sdeols FXREA, 9
A2 LRR family @9 de] o] x5 €3stal i, LRR W& X0 87 EE& zta 3]
om, o] LRR AT Afdely Ago] glo] ALY Ags dol& FHsh+ S YE

rr

Aoz d#A U+a.

VLR-B+= 56 LRR E=°] +=d, oA # HFH leucines, asparagines %
phenylalanines )31, ©]5 77} hydrophobic core, asparagine ladder, 2 phenylalanine
spineE TA3ti, VLR-BXE VLR-A¢} HF3o] dubymy e Fx& 77X &,
VLR-B7} &4 &A%, F /A 71e] 22 230 725 2tu A Al EAY Wole
T4 FEE F¢ 253 A G H A JFH S (Kim et al, 2007).

vt s Fo VLR-B gAlH & Ed sk lymphocytette] VLR-BE 4|8l Al
¥2 ®33F (Guo et al, 2009). Fluorescence in situ hybridization (FISH) #2joll A }E}
o vhgl go] VLR-A ¢ C, Bt & daAdel 9x5n ot Az Wel wold gl
°|, ¥ VLRs fda7k #&so] 7158t d&e WolF VLR-Ce AseAsdqdors
VLR-A®} 71794 signal peptide ¢ @9 o] 3’ terminus< TE VLRs¥ AR o] vt

obx Holgk W= h5shal 9l (Kasamatsu et al., 2010).

VLRA VLRB VLRC
LRRCT
il LRRCT
) %, 3 v
i < [ogy ~
fa 4 i 3
‘ ., ¥ > e L f . B L L Z r J
Q{/ U~
h J 4
" -l .J’ 7 I I‘" ‘r_
HEL - *’\,:'_ Y \ -

.I'. e ZI
HEL . U{E,
A0 VLR-A -B 3l -C #+2= VLR-A 3! -B7} hen egg lysozyme(HEL)Z} 22 &[0

&8 E0E. s E = highly variable insert(HV)E LIEFLE D 9 S(Kasamatsu,

2013 Microbiology and Immunology)

VLRsS FxFH o2 EFFTE9 toll-like receptors (TLRs) A, 7|53 oz2E
Antibodyg} A3 (VLR-B) 2 T cell receptor®t A3 VLR-A ¥ VLR-C7F
<. VLRoIA 3 224 2 HH 9= leucine-rich repeat (LRR) H-H# 024 o 54,




O Ny A 142 WAy A7 VLR o5 FielA RBC367 233t
(Han et al., 2008). Egg lysozyme¥} B -galactosidase (B-gal)®= single VLRol <124 ¥-&
B, 53], VLR-B7} secret form 95 77439 (Guo et al, 2009) (o}=] 29H).
b Larvae t.iﬁ.l::lLllﬂts
2% 40 | M VLR
o = 201
£8
E{’Eim _ 104
3 =
A N
b %\gob & & 0 @Ooﬁ‘
«$
a: VLRO| o=ois =2 ®E (RBC-362| H-trisaccharide A= %E2) (Han et al, 2008
Science), b: EEHEH M Lymphooyte VLR-AZ} -B2| HE2iE B[ (Guo et al., 2009
Mature)

Anti-hen egg white lysozyme (HEL)E o] &
d AP =& = AAsk=

S HAa,

=

w3 392

o]

R o

o
™=
et al.,

e

gkl 914 Aolel Ael 9z
o] o] VLR affinity7} 453
7} micro  (10%)914  picomolar(10') A ==
multivarient 2= 733 agglutinin®. 2 2}
proteus, Staphylococcus aureus, Mycobacterium
and HelLa cellsg W93sle] VLR-Be A4 75

123 A2 VLR-A7} 79 #HAF5=2 y§TCRs¥ 7]
2010), VLR-B9} HEL ZA3d% &

%= 9] binding affinities

smegmatis, RRBCs,

T A7 VLR-A:
=% glo] A7 How P
540w

of A,
Wl

i

oft

A
ax

to

S =) [e) =
Astsl = =

affinity

Eof AEae A9 B ARA

o] &

AR .

T

2 A] A

z]
=873

& HELS 93t

T
T

avidities
2009), VLR-B<]
. =, Escherichia coli, Bacillus

SRBCs, NB4 cells

et al,

ShS B, Agglutination assay 3% W

971zt 2 W ag]ar VLRsZHe] Antigen specificity = 92 93l (ot 1d,
Agglutinin ¥F$S %53 VLR-B9| specificity &<l3} HAlFojo] A g o] g3 $-Fw
).

Anthrax spore coat(exosporium)g& ZAd%ojo WA thg, VLR 5o FAE o] &3t




flow cytometry 2ol A VLR*positive M FoA AFo]Z7F & lymphocyteZ} 9 3
02 F7HEES YEdo] B9 7|z T Fdo g Aol ARAAHJA FES &
A A2 (Alder et al.,, 2005).

als

Bacillus anthracis®] spore®] ™3t Immunodominant Glycoprotein®] <12 2 ZA3lto] o3k
ATE F3to] VLRsY X & toolZA 7FsAdol d5S FHIA L (Robert et al, 2012),
tol7b4 VLRs® #&3% 7FX & biomarker/l 2ol S #©3 odg &3 F9%+=,
human T cellse HY §F %3 VLRE AL t& o559 AX oA QAAsE F
BH39S (X% 1). VLRY binding siteE immunoprecipitating® 2 92 ©}g mass
spectrometry 24 543t th (Yu et al., 2012).

A 2 .
o,

r

r W EL cali 0 B. protens B 5. Anreus
s 0O RRBCS & Hela cells

[T

"
i’
i
"
H“I.

-

s
gia o Hil =
H : n
8 i F b i :
: . L s B
i :
-3 2 F : : : o
1. I . ' " ; L L i
:. . x
> N .

L

_‘l |

K ||
Lo

Number of agglutinphore group

Agglutinin 2188 ST VLR-B2| specifidty =8l (Su et  EEHO2 ZEEE 0|8% TS, THE ASFELE FH4510 H|
al,, 2012 Cellular Immunolagy) weh 20k g4 H)a=0 THE STERZ2 HAE BT AT 3 MEAM
201 & == 1F (Su et al, 2012 Cellularimmunology)
VLR clone T cells B cells Non B/T cells Monocytes
VLRG 1
VLR1E8 1 | t
VLRE25 1 | t
VLR32 {
VLR33 ! -
VLR37 t
VLR73 { -
VLRS7 t t t
VLRO7 t
VLRE99 p— t
VLR109 1 — +* —
VLR139 1 t t =
T cells: CD3 ", B cells: CD197, non B/T cells: CD3 /Cd19 ., monocytes
identified by FSC/S5C profile.
? Indicates partial staining of the cell population.
H1. BFEE VIRE 0|835t0 A& peripheral blood mononudear cells PBMOE
232 Z3} (Yu et al, 2012 Journal of Immunological Methods)




A4 VLRs= d3Aecw A&stes 7 dHiAQ Ao+, dAFele] VLRs libraryE
THE oS, ol RS yeast surface-displayed (YSD)A2-®lS o] &3loja] wd F glycan
arrayS AAste VLRs® sugar-binding proteinse] W3 HAF2ZA, I F
tumor-associated carbohydrate antigens (Tn and TFa), Lewis antigens (LeA and LeX),
Nglycolylneuraminic acid, targets of broadly neutralizing HIV antibodies (poly-Man9
and the HIV gpl20), ¢} glycoproteins asialo-ovine submaxillary mucin (aOSM) and
asialohumanol| Al & SolAd & FUstA=(Hong et al, 2012). 53], o]& & 5o]ido]
=2 monoclonal VLRSS ©]&3F WA 22 AL A3 ¢ e 433 &3¢S 1
of Fojx(ele] 19), VLRso] Zi Y+ sugard g = IS F53] IF&

ToolZ2A A& 7tsdS B,

i S N
1-@'

AEe] Hak 3 A0 OfT VIRsE 0188 HYgM = 2 (A) Normal lung (tumor adjacent),

]

(B) lung large cell carcinoma, (C, D) lung squamous cell carcinoma, (E) normal colon {tumaor
adjacent), (F) colon adenocarcinoma, (G) normal prostate, and (H) prostate adenocarcinoma.
Tissue microarray slides were incubated with 5 pg/mL of VLRB.aGPA.23-mFc, and the immune
complexes were detected with anti-mouse IgG-HRP and DAB substrate (brown) and then
counterstained with hematoxylin (blue) (Hong et al, 2012 ACS chemical biology)

(4) H3o] FA 4d H&7ted R 7I€ A9 v

Aol AN 2E, 5 Hgoh el Wete] wkgshs AR UE= VLRBE A
ArE 849 F ARES S8 d@Fddse AL"s 758, o5 Fdt] AV
g FAE AR dFAatetsE okl A&
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HA immunization pt [ Specific VLRE response 1 Display- system -2 Secretion system

@ AIHS subunitt | " T T T
(HINZ-HA1) B
L
— bl « Maturd VLRE
ha .-
- 01~ < Immature VLRE
BB -
VLRE amplif':al-l'nn with twe unique 5fi 1
L
wy -

(@ Immunization
*Hagfish larvae (length 20-30om / weight 27.5-45q)
*Anesthetized by M3222(0.1g/1) 10min

=100/ 100ul (50u antigen « S0l ECAJY LP injection
= qtimes immunizatiaen with 2 weeks interval boosting

0 mRNA extraction ( 4 times immunized ) 1

+Using tots! blood mRNA extraction kit s c =
+cONA synthesize using oligo OT sl " P &1 £h1
«amplification of VLR-B genes using specific primer

imAR-
sxma~

HE 2] mature form VLRE 23 22l I YeastE 0[& Tt display system 3 secretion system2] 24 &,

183} 7o) Yeast display systemol| A& yeastd] AlE EWH ol Aga linker &2 S

53 =24 dugdol gt S 93 systemoZ Al YS 8 fFEE wWAdrSo Ay
=9 mature VLRB gene libraryE Yeast display system= 3% high-throughput
screening®. 2 ¢ 5o]4 VLRB Z&°9 A¥WE HEAHo=w o]&%m1 Yeast secretion
system< yeastE E3] wdH EZuwl A S secretion signals ©]831o] yeast HIY &
o7l Bu =4S HFAHowg AlE. Yeast display system= E3}o] Al Eol% H
Fola A S Mdsly] Y& Al WHYgHkg-o 7 A& mature form VLRB gene library =
Aga linker Tl Aol A Z33F 1, Yeasto] WL EHo| ¥H=A]E western blot (expect
size: 3457395 kDa) ¥ FACSE &3l gstds. E3H Al §9& &3 ¥ Wgnks
5o]% VLRB E&9] A¥Es& 95t 2

=
ATR So] wojgdAh)s Al 2 Zeei+.

f

i/

o] A32 PA ¥ mature VLRB library
round®] FACS sortingsS &3l 54 &
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VLRE expression in yeast cell VLRB display in yeast surface

1 2 3 4 s oS [ .- e by ) | Total 10* events [ Vs negative control )
B T Tonme  pees aean| = 5.97x10* double positive clones
- : we vl 3 127x10° sorted
bl " 850 312700100
1: non induced cell { — contral) | - ————
2 induged display VLRB (from cell} | : Py
3t induced display VLRB (from sup.) - . s [ p
4 induced VLRE wio AGAZ(from cell) I_ e o * .
5 induced VLRE wio AGAZ(from sup.) | a ; =1 - o ;
=2 =] (=1 Hitsd =
Yeast display system& &% HE0 TN & &¢
g Eoldor Aggsts WAoo qAE A So= th39 yeast secretion system=
ol FAANTE g =Y B AT s o] AladSs S ddd ATl wigt




o
i N
S IIRIIEE
= jof R mO 50 KO X o oo
) o ™ o o X g T o
_. 8 il B T oo do = IS o)
> B = ~ ~ o SENT rRREE
o = - tn - T o © = oy W = ToR RO
oy g <o N e a T
e S P T % S Lo e X M W o= B L
PO R X ZEw < & 25 o T & 5 TEE D=
P kg FA ¥ " 3 2 aam@mEEﬂd1%w
in "= _ T B 5 X o Ak m 5 om 8 8 w9 <] Mﬂ Tk o°
oy TS a K W = M =) = T B s B o B =)
n- = K 0| o 0| ~o = W " IS T B G BT <
£ S) %o o oF g X = 2 X % XO
D) m 10° X < _/L < _ ET = \HVL _ o= Rl
% _ T X T o g o W 5 50T p o 7 o & o7
H. & ~— -
2 ER o O X 3 B o 5 2 Wom i B IR ) % P
= ) o 1 TR — = o —_ i B s I
= 9 o) B s 8 0P B (K = tHo " T % ol o o K Gl
3 iy s 9 e o oo B =5 <7 o o) ok =
2 T LasSE — = v X T o
3 M [ ) o o wx O oj o] T A}
3 ) - g7 No T % Hin T KO
7 = ZE = T g T Iy o 2w oo w R o <
- g = ~ o o = o O > o = UMy X — ol N X Er =
Z 5 9% T o o oF = o Py o) s R =z o
2 g = S w R E R w < M 5B P ow L 53
S A S : g = w B TERPBE I
> R e < T Ep < _— BN = o o I =) T
3] o LQ_.._ — Q i = 150 o E #O T ol D_.E = = ,w
il S 5 4 2T % 8§ E% ﬁ%zﬁ%ﬂﬂ%&owﬂ%lq>
,Aluﬂ \.ITWL — m_x O# m ‘_l_,rA m m m ‘mﬂ ) ‘ﬂA_” __AI V ﬂu._H ﬁo _ EO AO o ‘Aluﬂ X(_M
i < %o = S 5 5 W PP p W o 2T - K o T o q =
op o g 70 Bxw = = ~ B ok - S
T K = — ooy X N of —_ <P T el =0 = Ho°
= TE® L T E . , ] SR &
Y = 2 o W oo B =2 2 o i XBd o & SR Mm_ = T 0 o
oo zo B = N oo uﬂﬂ Y %L - of =« of F o A P g T
B o X ° = "N 05 = KH
o = Wmﬁ%@%%%% > X %%%W7aoqdmﬁuowﬂmﬁz,
oo 0 A 5 F R X X %1%?% G- woRo I ® D
—_— 0 H ~ o v —_ -5 Qﬂ Q _ —_— b s ‘_.#mu \«.\/U ll o fivy -~ ‘mﬁ T;
0 5 ;E _ﬁ "y ol 1o 00 = o &o N < © R — .ooH B 1o° _ B Bk ‘|E filg O_
T noipnom%ﬂv_s}% W o S mﬂémnm}ﬂoo_%@oﬁﬁ
s OF m Mno <° = CI <X 9 2 ) HoOoF @ ol ) N2 Wi N =z nE s
o =0 o W =K . 8 B = e B o 3D mo XO o N o=
it —_ oK o 0 = o o =) ° o O X o gm 28 o T .
o o G o T F 2 g & o o 4T os = T
o 2 B oo e z o™ 2 = s ™o X o - TH n T mis
i~ ol do = ro ar < Wl — wn m %0 - o = ml ~ e m o w m o.DrE { o Jm S
0 —
T T =_T & mwwnﬂws Tg e mam_XHfmm_mem M@W%w
— —_— =
= B o = o O S N X © e 1% < o = oee G o g %o = . ) % R Jo
ur zfmﬁo.mw 5 T o 7 S m s < n m)ﬂﬂ]mﬁjxugmo@o% =
o ﬂnAﬂ@% = L =z w M E Rlyjuﬂ% F Mo E
g < Plﬁ%vﬂn.uA@ SR ° I S
Z 1__/| —~ ™~ »A:._ ~ ~ = X = = | me ﬂ_Al o= M <t < Z#o X - . Oﬁ H.mq
my © K g 0 = & = I3 o) = N o jariy
LR wmaﬁam@@%oﬁ1ismu
w S 5 gk (L%é@%%mm:;ﬂu
< o ﬂw MoH NN - mﬂ = 3 _mo BN
ShFE oy PG SR B
K rL i X
[ Et 5 & ~N ‘_mw‘_
st O#E ﬁo ,Urﬂ

- 11 -



/ y _ ; QU HIO|2{A 50| WO|SHH| A O Abeist 7|
[ g ama [ emygw

platform & | a5F7ET
=
Alvol Chsh HEo] shy) AIVO| CHSE ST S
A2 93t platform o] ok ol =5H7A - "
= &
-~ o FECiztaol A3
/ 4 SeliaE s
/ |
| 29 ) | Epitope 22
- g}‘ .il-g‘g? 2
s wao] so) ot AIVO| TS S o] S4o] SEO=H 2 binding
ofst M2 =3 H=o el 29| (Epitope)2] spltape siies 7.3 epitope TEE TY
Afoist oi uz ol sy 3145 affinity 01 =1

AND| SO[=tA] (A 20
) pilotB A= Szt
BT HE2

Kl
AT,
'FI: ,:".l
Bt MEDEXX
50| WoighH| Aot THEEEE SHAIS 012 E
R [ AIVO gt BiZl0] 3 & AS ] [ b b
' I Y 4 l N l - I ~
HEoigMe A3y FEYIHEHM 2 B2 oxro] 22| Epitope eS| pilotEiE
o W WEA|IAH 35 SE M3 Y oA I} o1 W e W 3 F2t BYEH 2245
\. l I\ ' o \ -
':T i \ [ "\ (EF0] Eilld binding epitope) l .
;T Cheygh Shadof chEt SPF HoiM EEEI} site 78 % affinity Xojdiz HEE i8] WAz
. IO S 44 (Fo{el mHFA) FYH epitope sequence ol BiZ0iatNe] PHa s
- \ /< ) Uan s oz ) - /
f — \ ( , | (B8 epitopes) By ) [ X )
== wao| Ut £ 28k Moo Z5H} EoIT} A= AIV HA g a0 Aem et
By WAl T (Ol2IMEpET) a4
Y JL N FH=d B

Al A4 vy v

20X} HIO|2{A S0| Hro{SHA| A U Atojs}

O b =




2019 2020
® @
ZREUL02 A MZE B4 Y > sheist
AR + ==l GKpoa, GKP261, GKP343 ' HE detE 59 SS9 oy =
s e sER e/ mpusozge ey S M2z gt F=7 >

RRCT =00l 2ot FE NS sprHO|MQ 5 @ ol
Sojutolz~ 225 58 /7 Um0l HE > 25 Hot

N




2. A74Y Ye 2 Az

7h BAE (AR, §F) a7

fijo

(1) Axd A7hde] 58 2 &

9,4%} o

124, 494 d79H$

2ymojEHl A32)
o HEA|AY 3%

98 HFOHA L 2
e M 3 oHH A
SPF
A2

HEH 0| Epitope

of w7 gl HE
1. HEoiEMel av S

Cict epitope =01 HHE 7f%
U HE

AIVY| So|grH| (HE
O &) pilot H4HE
2|t Hj Y= H X =3}

1
Crbst A0 chst o
o] M Y

SPF HOAM2 &5

1. ERUSEUX Ho|
S3EE

2 sPF HOl M2l =0l T}
P
=

394 O aRgEaE o
d &%

st

EO | B ZE
xto|

- |

=
2 E % S
H| 2

1. BEA EAHZE binding
epitope site T3

2 TELS 2 IHEE &

o Bl

=t

HE2E 2lell EoA|
I HEof 2H 2 et

ok ook 9 rx
ﬁé&%mﬁ
i Tt sz i
40 15 s oot
12t o3t gt o

Jfm
©
A
A9
ksl

o2
o
e

B ok
JH o

CHEE AVl CHE HEo
ey

2. OE HHH o et 5F
of ZA g M

T
[k
o4

T2 E epitope sequence
FYEE 0T H OhET
ANV ES0 Oist RAEE
Y= JEEA HA|

2. MEZ Av B g 7
S gas

flowchart

HE B R Qe

EhA
=

=R

2. EEH Y ac
2 &y

3 HH ac =%
4

oiged 712

1.y EEFRE &g d
seed culture QC 2% 4




(2) AFH AT

=

&

(7h ALAF: F8 - HAgolE o] &3 FA YN Al &Y

ME
ot
—_>‘4-"4
o
3

@ v &3 g4
T ATl s el dig VIEFA e BAHHE H
M2 AIVEAE s}

Hgolgha]l MIA~eE gz, B s AIVEES 53] B2 T

Aol gAlE A 2 ANTA 3

r 2
=
ok
i)
o
2
05‘)1_14
)
o
[

1. Immunization of AIV to hagfish 2. AlV-specific 3. Construction of 4. Screening and sorting of AIV
VLR-B cDNA library Ccombody cDNA library (PE labeled) & VLR-displayed
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(th) A3MF : H&o] A2 Epitope 4 L tt%3 AIV straind] g mazg o
7t g4

{

0.

- ATFER: dE WAool Ao AIV 9 <12 Epitope RIS fgk ARAVIHS I A
Hated, 1, 2MF- A A A E ohekst Hgo] A9 epitope T7H 3 target antigen©ll U
binding affinityS ¥]1l, 7F+%HE epitope peptide®] sequence HAHE o] &3] tvhF3 ALV
strain®] g Hgo) Ao WAkt ol 7heA gl B AAL
O H&o] A2 epitope &< B ML L HFH
MEE = ofe] 7FA] Bl FA S ddk AE52Ql epitope €21 H BuE faf W7o
(e}

A epitope &Sl 7ES N AHT Havt 9 olE HAs A 27 T He 1A
of FAE o]&std I WHES AHstaA 3 HdFoze= Ao A Aile] A8-H

AIV &9 = o] aA7} 21238t Peptides 95 F3U7F S epitopeE &eldta
A sk 29 194 B vke} o], WA, Genbanke AIV amino acid (aa) d ®.¢} On-line
website (MS-Digest, hppt://prospector.ucsf.edu) Z&Z13S ©]&3o] protein cleavage
enzyme®| WE theoretical cleavage profile2 H|W3}o] A A3 enzyme A8, A FAS
enzyme® 2 ] g]dle] Z-S peptide fragments HElZ w5, Mouse IgGe} fusion® ™ %o
A S o]83}o] Immunoprecipitation WH O 2  epitopes ¥ 3 fragmentES i F
mass-spectrometersS  ©]83}] peptide fragment®] aa sequenced H= 22l 3t Fine
epitope mapping< 93], 21 ¥ aa sequence®] ™3+ overlapping peptide library S | 2t
ako] ofef 13} zEo] epitope mapping dto] A&7 HAo] A9 binding F9E &<

13
.

Mouse IgG tagged
A recombinant
Ccombocy

‘0 l”‘e Ovoruee A
v :( codot 50— (& BN EEE
o 89t on

NN Nelel

BujC| Al FPeptide precipitation Epito!ae

ragments mapping
Peptide fragmentation®] @& immunoprecipitation ®Ho] A&st# ¥ & 2%, 4 A
3 dgFoz AIV &9-S recombinant protein expression WS o]&3&ko] el 3larxt
sk AIVE 870¢] RNA segments® 7AEHo] ¢lar, o]2HE 27 11 7/He protein?+<
T 2322 A9 recombinant protein WHS @ Fte] FFeolsk £ Qe HA 11 7Y
2 wd ¥ Western blot (WB)o.Z WAo] 3A|7} Q&= Z 2SS 8¢l &y
EZ2H 1S overlappingsl= % 7ol 2RIz &RJjo] BHH & WBE A&, o]



3to] oA aa 5 =9 T epitope mapping WH &l HF% o

= epitopes TAS F
shof, B Al g A Al A=

Aa. & AFRLE ofe) 2H Zo] o) g AFE F
AFES AHydor F3YP37] 93 ZH L3 recombinant protein ¥ antibody A4F,

unknown antibody @] target antigen €915 913 immunoprecipitation®] ths] SH¥ A
ZIM 2 opdzre] AES BAstkal glof o] HA3S Feste d o AT fle o=
Azt

A

el
Recombinant PrDtEIr‘IE o] 8¢t :;" Mg Immunnprecipitatinnﬁﬂ ojot 2
#8578 (gAY, A 42| CD69 SHS Lcol|l M expression % purification 5t
of (2= 1) =24 di = 1 50|48 weBE Sl 52 (REX 118). B, 429

!_ =k
total lymphocytes& Tzolstal abel antibody p00|{3'||)k‘| £ 0| monocdonal
antibody®f CHzF ZEE2 SHSI7| 9% immunoprecipitation2 &2t target
antigen2 22| (% 18) = 1 50|42 WBZE 58 (REZ 13
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e 194 e APUHS o83t 9y fHd  olgd FA S AIVel uist

affinity®] =Fo] & wlaLgr. o] & $Iste] Z}7z}e] Ao A g s+ short aa sequenceE A

0(

& WFE A Y (semi permeable membrane)S  ©]-&3}o] antigen—antibody binding ¢
A Ade AF-IA Aot A
T4 skl BHAQl EeHAMA HAo] A SAS EAFomM HAgo FAE ol&
st o virusd AR Fedg WAl i 2 AAS 9 AnE 20 3
@ THE epitope sequence FHE o] &3t T3 AIV strainel i3 mAFE o
a3 7154 AA
Blasting (%= Alignment)& ©]-&3to] 788 2o @A 52 Epitope 91l thato] =
FolgA Aatel] AFEE X AIV strain ¥ tFE straing 7] amino-acid sequenceE H]
sk o Y == A amino-acid sequenceS 7FA|+= ALV strainEo] thsiA 7
@A 7F target strainoll WiEk ol mIkel FAGE EdE VItE = Q7] wWEel.
371 93ke] Zbzhe] AIV straing epitope 7 sequenceo] wzh H & ojdkA A3
Hojxl AIV strainel thate]l Y|, FAF ELA9] 37FA AFo® v, 44
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AIV straino] t)3ste] HAojgA S o] 83}o] virus neutralization assayS A & 3fe] W %o
olejd AL F3ke] Epitope 1]
2

A AAtke] AFEE X ALV strain A ¥kof W g}
ARl mE WAoo Futelefs aIdE FHToEN JtE WA FA 9 e
== S R 54 5 de Ad
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AWAl o 2 A AFE 7F53E At ALV strain
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7 ¥ epitope] FUA (antigenicity

AR Hgo]l AV Edg Mo HU% a¥E BHAtd, ot W vt
s

antibody responseE =% 4 JqubH £ Milo] H A WA o]# 3 epitope®] ol
A FhAde He=A F9s7] 918 hapten—carrier WA S o]&3to] WAAAL S FIHATI=
carrier protein®| T ¥ epitope aa sequenceE conjugation HEi= A ZFF 7]
chimeric proteinl& W, o] & ol HE3te] Fo1% epitoped] et A JA4 FFE

Felsta, ol dt FA Wee AL & Y WA delivery P WS ATFHIA T,
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@ Anti-AIV #3134 pilot B1t&
YeastE fermentE ©|-&sto] it & AFAE 718 vbF LB sto] Ab&sta, F3}
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Flowchart for ccombody Production

oc

-
= Seed activity =H2l: ELISA, Western blot &
Seed H||2F
o
QcC
~
- 2EE HiA| QC
- HEETH QFOH activity =HQI: ELISA, Western blot &
7
~
- HAHTH JHI0] Activity =2 ELISA, Western blot &
>
~
* BHiC| K= 2| Activity ZH2l: ELISA, Western blot &
>
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(4) A7A3
b BgelgAe 2ady HHALY TF - AL $9 WS F, So] P A FAA
g5 (941 FA)

O AFARE S HFole] AN 4d 2 4G S AFE A2
2 AFGAdA AEE AAAEZE T
W7o (hagfish, &: Eptatretus burgeri)&
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Agatgon e AE vad 44 7
Asd AAR D AEAE AgHE ol

43EHor. ANHow o WP FAS

SEehE Wel fuAdE A%l ddw A7) _

uthe vad oy AAE Agett el AX = aimo] AR ElS sl
fElslmE, B Aol 20 ~ 30 cm o 2ol (Hagfish, &t H: Eptatretus burgeri )

o 2L FANGh EH, 9ol 15 FEol we 4 o ~Ed
25 Azrssgon MU BF AT AFAHYS Bael 24 L FIAYNS Ax
shatga, wgele] FAL FAstel WY Ry 4¥S AP AdE HA T gUe B3
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HEO ME 2 /RS i 222 Y s

@ HAAZAd HF w¢-2Fd VLR-S12 A A

Hgole] ol Al VLR-Be A olvw=Ab A E F conservedt H-iE9] ofv| it A E&
asto]  wmde] A dAdE 93 Rdds Wit VLRB C-29] conservedt
s 5317 flste] Hgo] oA FES mRNAZFEH 5A59 Fdeto] primers
o]-§sted PCR &% 3atlem wre|glotel A expression s719sl]l F=49 g A3 100% 2]
DNA @7IM4Y sdAdS glstdth. 299 VLRB C-¥9 9 invariable 9 % 222 bp
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VLR-B model
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L1 L2 (2 €22 23 (3 (132 (33

Vector: pPro bacterial expression vector
Competent cell: BL21
IPTGinduction

C terminal region: detected at 12~ 13kda

8-
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CTLL CTL2 €21 CT2-2 (T2 T34 CT22 €T3

Sample: BL21 clones expressing C-terminal region
Istantibody: Anti-Histidine Tagged Rabbit Antibody
2" antibody: Anti-rabbit Goat antibody
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Antigen

- ) ) (+) Serum Antigen Titration
Purified VLRBC-terminal region

variable lymphocyte receptor B [Eptatretus burgeri]

18
ram— Database: NCBInr 16 ¢
. » Score: 49 T4 \.\
Expect: 1.1 ) \
Nominal mass (M,): 30723 12 \
Calculated pI: 9.25 I \ i
Taxanomy: retus bur 08 - \ 2004
i
= \ sooHj
4
i \ —=—10004}
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“r? R E W d & BE
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mouse2E E M4 =l 2HA| 2|
719l 0i5E TEa | 28 8

Sl/3HA| titration assay

Purified by Ni-NTA His Bind Resins Confirmed by MALDI_TOF protein analysis

VIR-B £0|H THY M| X 8 MALDI_TOFEA,

Schematic design of Mab production

VLR
C-terminal

' Fusedin

polyethylene glycol
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Select & incubating

Screening

Monoclonal antibody
Specific for VLR-B

VLR-B SO|H Cre &M dite Qe HAaE BAE

1% ELISA screening 2" ELISA screening 3" ELISA screening

16 312 hybridoma screening = 41 selected 16 . 216 hybridoma screening = 29 selected ; 768 hybridoma screening =» 23 selected
12 |‘ | 12 15 |
' | \
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Selected clone (11G5) ELISA Selected clone (11G5) western blot

o Hagfish
s = | Aevaz i z Mbp tagged whole serum
14 i {=f T Reconbinant VLRB
12 (=2 | As2 (-6 A

1 = | L} (i [ S Vinemalh: Sample : Recombinant VLRB

08

A antigen (VLRB protein)

— 100kDa

Lid

(mbp tagged) and hagfish

oe . 5 . — 70kba whole serum
04 1" : 1* antibody(anti VLRB) 11G5
o = 2" : 2" antibody (anti mouse IgG) — a0kDa 1° antibody : 11G5 (anti VLRB)
0+ o B e e B o o ..
W=n (=2 (=B =1 =5 (=16 (<17 1'(normal) : normal mouse serum —35k0a 2" antibody : anti mouse lgG

Hybridoma 23 2| < Z 1},

M B4 =l monoclonal antibody (11G5)2]
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ELISA 2! Western blotting2 2 & F. RecombinantVLR-B 2} @& 2| natural VLR-B 250 Z3t EE

SHg ey,

AtEl ddE S o] &3] ELISA(Enzyme Linked Immuno-Sorbent Assay) 2 Western
blotting ©. = 7ol e] VLR-Bel|l =2 W4 So)4d& 7Hte AMES ASstdnh o
VLR-B ©¢ A= 2 AFolA &xp5 o2 ad 25 Addol] oA ofF &3 tool=
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% VLR cDNA library 7=

S5 7mke] 2l 2~ (avian influenza virus subtype HOIN2)
o oJuhld % hemagglutin-1 ©HAS A ow Az AxF HAl oAy &+
w2l¥ Al virus YAE AFEsEA o xS HAL 9 d e JIZFax #d A& dA< Sino
Biological IncollA 432 (cat:40036-VO8H1, Sino Biological Inc), = *&]¥ HON2
vpol e = WA @zko| M wjketal AER AV D vE FRrEdes AAT

ko3
. T
sucrose gradient Zi1EHUAEEH S o] &sle] 23 FH 9 wloly2E57s &5 Y53
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1 kb
22l S0l

0.5 kb VLR-B
Germline
VLR-B
HHOE AR Y BEAE YOO EHOZ R off ==y RB =PI,
Ef mRNA FZ F cONA 2. A. 28% percoll gradient LR-B F H| cDNA (1). &
%ﬂoileum::yte DFA—’F%EI?—CDNAEJ‘S.B.E 2o 2| =l HAlojo| &

H Y (leukocyte 3! RBC =) S =5 E| DNA B4

b ®mgo) gAo 22 L B BF SAY WEAN2D 7F

@ EBY100 EETFE o83 AGA Yeast display ¥ =2

VLR-B 9 A& gre] gWe] BAA7|= display & Yeast WE] Al 2=® A|Z-& 913 Yeast
display ®E = o] #vl= i Q= pYD5 HE S FYste] & A+ H4o] %A DNA =2
28 2L 9 veast display & ®E], pYDSS A #EAdvh +943 pYD5s #WEE AGA
display Al=®lojg} E2jn GAL Z2RE] o HdH= Axd didS N 2o AGA
SP (signal peptide) ©ll 2]3] yeast A <F = Eu|xw Fujd duwide C oo 9 X3
mMAGA (mature FE1S] AGA)ol & yeast 2JF-F Wl display ¥t VLR cDNA library=
pYD59 sAGA ¢ mAGA Aleldl F=24 3171 fsll + /M Sfi I 95 AYsdd. A=
o]g1dt DNA AMzxgoew Iy s= dilaAe SAGA-VLR-mAGA FE| 2 yeastoll A 0] H
yeast AlXQlH FHo| = AGA @il dy AAw FHele] VLR peptide library”} display ¥ 7
a9 2249 HJH,;% ThAl 2bAE] AW std, pYD8S Al &tstr] fsh AP g D}-CLF% .
T43% pYD59] AGA SP #2919 mAGA F9 SH91A19 Eco RI #91& dAw3st £ Eco RIZ
Sfi I AFaA TH7P Zkzy ko] §iA|EHAl YARlgE EZgoln  HEE o] §39
chloramphenicol¥} A}AFF-722F2] cedB FAAE PCR $%31%th PCR %2 {3 8 =
gt=n = DNA= Invitrogen3|AtZ2H-H 43 pEF-DEST Gateway vector (Cat: 12285-011,
Invitrogen)<S AF&3FATh 5 M9 Sfi I AlStE 228 E 74 = A 2 yeast display & =g}
zr = pYD8E A2+ F DNA sequencing .= &Ittt & Aol AFA AZE pYDS,
yeast display & ®Eo] HA3H HAo]lo] VLR cDNA libraryS T338}7] 98to] <kollA A
=3 o gl Byl & cDNA library pool & §Ast F&EEdto] Sfi [ 95 7217 7}
A= VLR 5°]4 primer set& ©]-&3te] PCR AtES tidos g53tal A7]ds oA &
AP THIR 17). wFRAAR Sfi 102 75E&E pYDS #E Zh oprtzs A A7]9%
ol A 7| Re DNA =SS g2l



1kb

500bp

VLR-B cDNA library
(4835 bp)

UZ wrhof] T 72 sfi | Mt 1A B

2|2 7HXl:= VLR-B cDNA library 2 primer
Yeast display 2 HIE{A| A8 A5 pyD5 Bl E{ 2} VLR cDNA library 152 set= HEGIY HEYKE 2H RE2|F
2lst MEA IﬂKFEI pYDs HIE]. A‘I|:‘:’;ﬂ—,—§ EH|E|7| 2|Tt signal peptide mRNAS L[ ¥2 =2 pcr —‘?‘—@.E F yeast
(sAGA) 2 #H| = M|ZZ B Y display |7 TW mAGA AHO[Ofl =79 sfi | display = At 5= pYDSE sfi | 22
27 R4 EE}%S ligation Z22 |3l sfi 1 AO|0f|& BHY ViR 2o = sgacs gel Of| A elution B =
SERL AT K| UQE A| M= = 9 E self ligated pDNA 4442 T ligation 5}7| ™ ®Z|F S22 2+2}10| DA
712138} ccdB Apat %ﬁﬂg A I5HSCE PGALL: GAL promoter; V5: epitope BHEE =elE

for western blotting; (G45)3: GGGGSGGGGSGGGES peptide linker

Sfi [ 2 7FeEal® VLR-B cDNA ¢ pYDSE ZH7; of7k&= 2~ A Ao A gel elution 3112
™ ligation ¥+ % electroporation HH S E35lo] DHb5a competent celloll transformation 3}
ARE = Z2Y Meye g 25 x 10° 0]”-4 =2 gddE yerddt Colony PCR
Z8 dojzx Z+zre] VLR PCR 42F=52S DNA sequencing 3 # A3 BE F 2o A
9] VLRQJ invariant region % variable regionol 25 EA4EE gd 4 i) o] 4
%3] VLR-B cDNA library”} yeast display ¥ § A]x="of] =& =
glst At A #E yeast display ¥lH, pYD8oll F#9j= Hdeldl ©d VLR

NEg
i Y o}L
o

=

E
Fo] EBY100 yeastoll YHEA QI electroporation WH o= 3
3 Al7]132 VLR @@ de] 2d o] 55 Western blotting w— 1 2 3

ghelstAtt. pYDS/VLRZ & H3¥ yeast raffinose
} shf-¥ YNB-brotholl Al 3¥ s<F A7l & 23 o9y
S #HEd A7l Y8 2% galactose’t 4
YNB*brothoﬂfﬂ ChAl 4 3 wjeF (md A= 2% galactose
¥ YNB wiA2 w#dd) stivh. @d® VLR %H”%:_!_O] s — 8
Yol EAsF=A] AEo] HF-2HE fﬂ‘ﬂi A=A & 5
7] —.4 3} galactose® induction 3 & A& (sup.) /‘ﬂ
Z+7; 3423l SDS-PAGE 3l VLR Eo]&d W 3FA| 1: noninduced cell { Negative control)
. . . . : _. | 2:induced display VLR (f Il lysat
immunoblotting& 43 3t%1th. Galactose® induction 3} 3. induced d::g,ngmgf;gmgﬁp,;sa e
2 Mol x= VLR “@¥ldo] W E X ghoton % ot vir RA A Eélﬂ‘feastdlsnlavg""":i,
— L _ pYD8/VIR 2| VIR T E HHHFE =Hol,
Mo A= Fae] VLR @ do] VLR Ao thall ZFA]| prosnir = 72t eevioo 22 75E
LTI, galactose 2 =i Eat=n T PN
b wbe, AEUlel A HEE VIR B 28 BER| S 420 pupt AZ heees 26 vk o4

. % VLR E}DI D"K‘”E VLR ErHHKigj =13 i 'I?F_I?_

HAow, o= AEZY &0

=]

B

ohugl AE 9w | = e
Aol

o of o
o

oo

70—

N

55

i
il
Size marker (kDa)

1
Z}

il _OL FM Jo

o

H%E

O}Hu}iﬂo;ﬁ&m B pO 2 oot
cO

o] AgHoR AgH nolFh

> e 32 ol



@ HEK 293F Q1AM XA VLR 3 &8 A Al2€ AZF

A drkA o' AL F o] A= mammalian AEZF F oY AR YA Eo] AR E2
HEK 293 AXFZE Agsgdrt. £3], ol Invitrogenol A JwjE = 203F A EF+=
suspension FEHE %= A% = WA o] Tl e wulEo] WY w3k Hup =2 o
el A dth w2 oAFtel A AFkE by o AAME W e B BAE 98 293FE
A, ARgstaith A AlZFol A HE Jhed Wy Al 2E RS fle] 2 AR AN
o2 A}g€%+= mammalian expression vector Z2FZv|= DNAC WHE S FLE3tdct. WA,
293F AM|:ZF°l transfection ¥ W& A= @A Mx oFZ FH|Hoxof stz FH|4]

% HElol=rt JAadE FEHE RbEoAoF gt FHAE HE ol RS 98kl pSecTag2A
Zgt=1]= DNA (Invitrogen, cat¥ V900-20)Z5E murine Ig k - chain leader sequence &
PCRZ % A]7]31 VLR 42 E94& &olatA 7] 918 Sfi [ 7+ 7AF917F ko] 91A g
Cm/ccdB A5 pYD8 ZH-H EEldlule] AAAA pKINGeo/ccdBE #|2FslSth. o] &2
zZu= DNA® Ig ¢ 744 o= VLR +d4 =94& g + M9 Sfi I F97F &4}
, Western blotting 2 & #2]/AAE 98l V5 epitope?} His epitope®] #HILEo] o
CMV promoter Bt} ZFH3s 2R HZ ¢4#H 3 elongation factor la (EF-1a) promoter ©l| <]
& Ldo] 2HHEE daideAdth =3 293F ol transfection & =% o5 2 selectionS
$1&l pKINGeo/ccdB DNA®:= CMV promotere] ¢]3] &%= GFP-zeocin +3 FdA7}F
sl gk #ult §1x7F =% pKINGeo/ccdBE Sfi [o2 Awkalar, oA A2
Foty A2 T d9eR stvE =d dA VLRE 7HA = Fdx e C-E2de] fFHdxE o
o AAG ge Fue VLR #42 (ShVLR)E 747 PCR® F%3til 4% 2dS Sfi [0 =
Aetale] pKINGeo #lE] 9] Sfi [ YXo] F24 39 HpKINGeo/VLR ¥ pKINGeo/ShVLR).

2Efi |

V5
Epace3sa

Ex His

lgw chain

IVLR (intact form)

HiEg

mVLR (medium form)

QUM MIZEFQI 293F O] AP FH| #H A sVLR (small form)

A8l Mammalian expression/secretion HHEH S A CLEl =IO e i i

RS9 T yIR SFAL 2L Cterminal YL O e yir THEMEI O] A5 gl yiR HO|H|. Hydrophobic
1 e e TR = 22|17t 242l HEH2] medium VLR {(mVLR), hydrophahic

7F 22 gl FEO| ViR FTA; (sViR) 7 &Y S
E_T@EEHQ;_E_MHQH El_-llrg_ v 72 E‘Eéstalk$%’47?rE$%g‘E_léEHﬂsmauvm{svm}EM




ofAly VLR ©@ild Fx° RAEE Y o3 193 Zon o= AX oFsE HHE X
3} signal peptide (SP), LRRNT, LRRV, connecting peptide (CP), LRRCT, stalk, 28] il
hydrophobic 3+ C-terminal 9= v 2 A7 %ol & lampreydl A= &Y Eo
= FHAG stalk Fol= AA T 5 o, WAool C-terminal F9v= AEI]
hydrophobic & ofr|x=4tEo] AZAE o glof AE FE FHHA &= 5AS Adoh. 1)
A EA X screening Aol 9bA C-terminal 9o 5, stalk #+99 #FFo w2 VLR
g o] by Rt 9 EH] e et v LEel= 22 truncated ¥ F EH
A F5F o2 VLR +% (intact VLR: iVLR; medium VLR: mVLR; small VLR: sVLR)E 1}
ER A T},

e AuE A EF Oe FuE A VIR $447 229% pDNAS S 203 A% F
o] transfection A7) 48 A7t A3 & GFP @iz e] waog transfectlonol o F8R
oo Hes FAstATh Azt 4S5 B cell lysate=F-H 2t @A 55 SDS-PAGE &
I tagging ® V5 594 AbZE Western blottingS 33ttt o3 ZHoA HE npe} 2
=
&

—~

g
Z

v

o

] mVLR, sVLR @@ 52 B 203 A5 WiolA Az S A oJF=2 A=
H

wulgolg o), (VLR Bolde Az Hde dojgort C-uwe] e a5y RE
Wil AX 9%z A8 BuHA e A4 pAsdch geb P9 Sold VLRES
Adstz] 98, ol AlZE VLR cDNA librarye AXE 9F=2 AdE T3+ mVLR %
SVLR YHIZ2 A #5 3.
A Ne PKINAVLR PKINIMVLR pKIN/SVLR B ) 6‘& 6‘4& éy.fq' & 3\8' e&g‘
7 EEEEEE S S EE

55 ...
AQ -

= @ =
2. - =

Supernatant Cell lysate

— i, 100 M

CHYst HEf o] vir THY T of 2is Ol QB 20| B H] 8. ViR, mVIR & sviR AL =8 pDNAEE 2930 transfection
%t =, GFP 2 transfection 01 S':!'o._l (A), THed 2 whs 2 H| =H2 (B).

el gl VLR W od oAF-E 3F3t7] fste]l western blot# FACS #41&
t}. Western blot 23} induction¥ A %< negative control oA+ Wl do] =
o™ inductionAl o] ®iEF wix] Aowm EH|E A il yeast’} T st Y=
VLIRS A& HE3stch Axs duide] 1 EAFE AFs7] $13 FACS 243
induction®] A] %2 negative control 7ol thH|d}e] 90% ©]Ae] yeast 7} W] VLR ©
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Induction for
VLRB expression

10? 10t

Yeast display Al . A A1 90% O] 29| yeast 7 EH
Ol XHZ=8F vir

Yeast display "E A28l Ao =% VLR libraryS &Y Eo]4 screening 317] 93l
FACSE 7]Hte. 2 3t cell sorting 71&& 48 ATt 28y o]de B =2 FACSE
o] &3t cell sorting A Az @AZ MACSE ©] &3t target clone®] % HA S T R} =
L §89 screening ¥ W& background F+< 7FeA o HuFEAT wEA FE=F
VLR libraryE ©o]-&3te] F 239 MACS Ao HAAst MACSE o] &3 ZHA7]4 cell
sorting %9 &9 5o]# VLR clone® T%& &S 9l8te] FACS7IHre] olFdd A

& ol g3telvh

Unsorted VLR library 1t MACS output 274 MACS output
K3 ¢ # ]
0.003% : r 0.03% 0.07% i
2 F3 > A g >
T z|* z|*
e = p= =
-E -E -E
-8 ) & &S 2
73} 0 74}
& f ] @
: 4] uf p a',' “ " w0t W £ w!
FITC [anti-VLRi FITC Iant‘l-VLRi FITC [anti-VLRi

MACSS SoF HH H 2ol 0| 2 SRl £0[H VIR clone population®] ﬁfﬁ!_ 24F MACS = Sorting E! yeast
population= lff MACS 2| double-positive T Ig:ofgnulatloni-lr H| W A| 238l O] &f0| 5= LIEILHDY, 1%} macs 22
double-positive?t populationf H| 10 A 28| O] & o] 5= 5 LIEFEH,

AN zxd VLR @ o] yeast ™ HdAS FQlatr] gk &333A] FITC a9 5ol
S-S EHolsly] ¢k 3aA9l Alexa 5552 WSS E5 YEMN = double—positivedt o3
(F5 49 AR 4 Fdk 007%9 I 5o]4 VLR clone® populations %3}
ath 22 MACS3 sorting ¥ veast clone 58 3% #AI ZFEyAS Ea ZH=E3I
population X & FACSE o|&3ste] B3 tl. MACS sorting@Agol wH|ste] Ht}p A el
T4 p6 TS gating dte] B4 & A 0.04%°] FL SolAS Hol= populationd €<l

= O

d F AdNe™ p6 gating 79 S °]&3st] 12 FACS Sortmg %o MHEE yeast clone &
38 BAG3 FEZ29RAHS T FEI population FH F FACSE o] &3t EAsAY. 14
FACS sorting ¥ sorting ¥ yeast clone = 1.0 x 10°7§¢] veast cloneg FACS #4135 2



I 0.1%°] p6 gating <9<l populations &<l 4=

population¥} H]iL A] 2u] o]ite] FES UrehlE FXolth 12 FACSE 3l
populatione ©]-83}e] 22 FACSE E3l S APt 22 FACS o sorting ¥
yeast clone 52 385 HAHY FZ23AHS T3] FEI population FH Fo FACS E431%
t}. 22 FACS 24 3¢ Sorting ¥ library % 1.0 x 10° 71¢] yeast cloneS FACSE o] &3}
of A3l Ay 05%9 p6 gating -9 2] populations &2l 4= At} o] 12 FACS Aol
p6 population¥} Bl A] 12v) o]Ate] F2ES ye Y, 12 FACS %o p6 population¥} H]il
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Q11 Qz-1 aQ1-1 Q2-1

Alexa 555 (anti HA)
Alexa 555 (anti- HAJ

R L - 10?
FITC {anti-VLR) FITC-A
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FITC-A FITC-A

Population FEvents =26Parent Population #FEvanis 2 Parent Population #FEvents 9% Parent

= at1-1 [=] 0.0 IEC” -1 25 0.0 = @1-1 70 0.1

[= 5 2] a1 0.1 | Qz-1 211 0.2| < az-1 719| 0.8

= a=z-1 28,289 29.5| E Q3-1 28,350 29.6 Q@3- 28,316 29.5

1 @4-1 B67.387 70.4 G 4-1 67.052 70.1 | <] @4-1 66,742 69.6
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vk Ax3 VLR 99 d 9] yeast W WES &135t7] 918 FF A FITCS 349
Eolz wkg-& gelslry] ¢33k dFd A Alexa 5559 wH$S EYF UE = double-positive
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FACS analysis YLRB. oV NT VLRB.574_NT

fo
fo

mV2 and s74
: negative control
(1ug antigen reaction)
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& & &

Alexa 550 (anti- HA)
Alexa 550 {anti- HA)
Alexa 550 {anti- HA)

FITC (anti-VLR) FITC (anti-VLR) FITC (anti-VLR)
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ELISA 7|HZ2 S%F HA1 E0|H yLr THHZE sereening. HAL 'D‘F"JDE FEE 96-well
plate0j| VLR HE M = X 2|5} 11 V5Ab, goat anti-mouse IgG-HRP & TAEHC E X 2|5}
of & S0|X vir &,

ELISAE B Ade 2779 FEE5S8 thA] 24-well plate©l transfection ¥+ 5, transfection
oAFE ZAFS7] 98l WA d dAnjHd S F3 GFP 2 d o FE& #FAT. w8k 77t A
TN cell lysate=F-E S A =S 77 83 & VLR 5o]4 A2 Ud 2 FHoARE
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Cell lysate

sa 7| M E R 2 | =l DNAZ 2930 transfection 3t 5 agA|ZF A}
g Ho|HE Sl HA transfection G| 5 2ol B, ZH2to| ZHEEl viR THEE S S M= LHOA 2] L (cell lysate) X M= 2|




A 27719 VLR FAES oz g g 2g95& 546}71 %’4611 dhdoz F
A4sk HAl w9z o]9lo] SAYETFoZE

£ Aldetth HAL o] Soldeg A% 21082 F45+= VLR E‘r‘@ﬂé%—% HA1 #79+ o}y
2} HEL o= 23t Aoz HArh T3k IJPdS FYEA 22 96-well plate o= AHE
VLR @@ 0] 96 well ELISA plate 9ol Zget= S #ZE 5 AdJ o= VLR
gl do] 7jEe] A & o2 EAS Ve o naxw dubAl ELISA W
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ELISA ZIgE Sl HEE F So[H vir 2252 S4HEE Y CHE E@ (HEL) 1te] Ze of 7 =0l Z}210] F3 HAL1 52 HEL
= 20 ng/wellll coating B} 11 skim milk= blocking T+ £ VLR A4S M S X 2|50 L2 2| ELISA ’é'ﬁ%% Tisl,

) Z+E AF 71HE B3 7|€ ELISA WHE % ¢ 5o|3-VLR screening?® %A
AL S5 4k =4
293 AEZFoA Eul¥E VLRE ©]8¢ ELISAXYE wleA del5o]4 VLIRES Al &7e Ao
old 96-well plate EHI}] Ad5, F polystyrenel & EH X2 ¥ 96-well plated] 43+
o7 WA HA 7]Ee] ELISA WHS %53 screening WHOE+E= A7 I Aoz A
o

1, o 2o A% HMES 25 39 Eolzd VLRSS wEslnt sl

_

(s

a) T+ 43 Blocking € do] @& H¥d VLREY v 50|33 AT v

ELISA 79l A &-3A17Fe] non-specific binding®} background reactivityS #AA 7]+
Blocking 474-4 WstE Fa VLR 59 H5o]4 Agdss 2= T Us WHes EA88H.
71Ee] WM E &Y 2 5 Low salt buffer (TBS with 0.1% Tween 20) 2 33 AF
< 3t *]ZJ %ol 5% Skim milk (nonfat dry milk) & Blocking #38< $33}d ). ado] m

A F-2E 2] 2 plateWoll skim milk @A So] FAwo] A Eo] plated] Eo HERE F
AE AFH LFE v sl A T vl E5o]& VLR cloneE°| blocking buffer7} 2 ¥ L
o Felo] BAFe] 9 we zZAME ZF wAg wvlel skim milkE TR
blocking®] 7 ¢rkthal fFatdch weba £ AdeS vt Blocking buffer &9 ©]

A =
) Sold Ass TAaAZE 7 e AFExdES vus] Ryt WA,
Blocking buffer2 ®WW3}Al AF8-% & bovine serum albumin (BSA)$} Skim milk, 2211 g
WS el YA ZomAE blocking E¥7F ¥ o]t Pierce Protein-Free Blocking



Buffer (PBB)E #-§s|Hkth w504 AgsS 7FAl& m74 VLR 82 ¢ A T/
Blocking agentsE°l% o] 3] v 5o WSS HATH BSA 5% & AMEdS of 71 o
S WS HAARE o8] H| 504 S AT
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PEB Milk 5% BSA 1% BSA 3% BSA 5%
W 74-HA W 74-HEL 74-AgX M1-HA mWI1-HEL MW 1-AgX
CHY St Blocking agents& 0] 2 ¢t vLR2| H|S0|A dt34d H[W 1. M7HX| Blocking agents PBB (Protein

blocking buffer), Milk (Skim milk), BSA {Bovine serum albumin) £ 0|25l £ A|THELSA. H|EO0|H 2t 2&
0| = VLR 74 2} negative control 2]l VLR 1 2E==0| AFEE. (HA — Hemagglutinin of avian influenza virus, HEL —
Hen Egg lysozyme, AgX — antigen-free well)

ATEL 3 99 Blocking agents ¢]o%= ELISA 7|l A Blocking &&% A7+
o7 487 thekdt Blocking buffers AREs|B.tth oAl 711 2] Blocking buffer 52 7}
F gE Aoz o]Fojx 9o (Syn Block, phospho—free ; protein free buffer,
Alternative ; protein free, detergent free, Neptune ; small molecules protein, Monster ;
non-mammalian protein) VLR &5 A& 3st7] el blocking A4 o= $HAIZE 2] = A,
Neptune?} Monster bufferi= ‘¢t

>_\|L [‘l-n‘.
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Ao m74 VLR 289 HEoF +
At geAsled W) m
9 Aow wArh YA A
°] Blocking agentsE< ¢3¢ dolg *°
I
lr‘%% H]%O]Zﬂl E]_]_’% o‘% E—%ﬂ—g-tq E 06
A Z]o] negative control 21 VLR 1 E
FRAAE WAL BArh o AT
SR, VLR 2eEe uSesd .
) AR LA ARG S ion Tokei
BSA, Neptune blocking buffer 2] g ' '

. _ Syn block Phoph-free Neptune Monster Alternative
a1 Monster blocking buffer7} &} @74-HA B74-HEL W74-X O1-HA E1-HEL B1-X
o] Ao =2 z]9 Sk w <
g9l Ao w AEAUR. shA, = CHY st Blocking agents= 0] 8 %F vLR?] H|50|H 'ﬂ'g’é' H|at 2.
A8Y HAd I 5ol4 VLRE H|E0|= 222 Z0|7| 9|3} C}2%3 Blocking agents S & 0|2

_ - HE0|E ZgtsE2 BESTHVIR 74 2 E 3} negative c(:-ntrolOI VLR 1
o) = o o = s
< BT gelye] vk O] on‘:l # === C'|-‘;’-f2-"+02| ELISAE 2T (HA — Hemagglutinin of avian
= Aoz #AY ) influenzavlms, HEL—Hen Egg Llysozyme, AgX — antigen-free well).




z+% @il A {3 blocking £¢] w2 VLR 59 v 50|73 Ads v
stk &9 commercial$t blocking & 945 ©]83sto] VLR @A H| 5o A3 FS 4
S, A& ZolE HIJoY &3] polystyrene FHI}E] H|Eo]H

sttt webA ZhE oA {2 blocking &S o] &slo] T wmol2EALE A A Kzt
st WA, Mg BHEHAHoR AMEEE= skim milkE H]53}¢], bovine serum albumin
(BSA), casein, ovalbumin (albumin from chicken eff white), &< fetal bovine serum (FBS)
3 2 dMEESS o]&3tol m74 VLR 3 o] £ H[5o]4 HAIes Hol:= VLR
clone®] wol=& AAN Bz avt. WA zZF duld S0 Fas v SA3 1Y

$sle] SDS-PAGE®Z #7]9% 3 ¥ Coomassie blue @A ooz 7} vhulzaSo] &7 9 &
S el 2 g AES 747k uf BExES VA ER 10% 9 15% acrylamide
gelol A Atol=5 #AFatnt. opAINE ths LHolA B npet o] & v 5o]% Adts
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E
Wolt m74 VLR @wjde] wrgae muld gme] oS vehdl w, Sojgurels] e
blocking &35 YWEIN A= Xttt Ek, Zhzhe] wwld -2 blocking & X ES FH A AL
g% A9l 2 Aol UEAE ekrh weld, 2% Bua f blocking $90%
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e s 05
A E c 5 FBS B
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0 — e T o1 4 =g FB5 50% / Ovalbumin 5%
15% acrylamide gel s
1 2 3 a
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c) ¥ AA& 7HX & ELISA plated] w2 v 503 A7 vl
B ATEE VLR 2894 ¥[S04 wkgA o] blocking®] A7k obd VLR w1 =}A) €]

o,

2 EJAE G EY] Hall HFe A2 e ELISA plate ]88 ELISAE A A8 ©]
Asle wal VLR 22 AA7F do] ol plate welldl H-Zo] H&= AS WA= AL &
HZ ST a2 o] AdelA AHEE plategel thdk e Awolth

Plate. No | Surfacetype Description

Modified polystryrene surface for a higher binding
32296 Maxibinding | capacity for proteins and other molecules with both
hydrophilic and hydrophobic regions

Surface adsorbs proteins and molecules that consist of

Seae Medibncing intermediate hydrophobic and hydrophilic properties

32496 Unibinding Suitable for adsorption of hydrophobic molecules

32596 Multibinding | Suitable specifically for adsorbing hydrophilic molecules

Plate®| 2™ FAIOf| {2 27, Plate?| ET X 2| HEHO HEEF U EF,

dnkAd o7 ALE-E &= ELISA platew 54719 &4 71E 2% 7HA= @dld (d & =

HAZF2EY)S H&3E=d 80]3% maxi-binding plateo]th AT o] Qo= AFA EE
A5 G dss Fas=n &O]E}E% THE01 2l ELISA plateE°] 3th o] A4 A&
& dl 7HA plateE A4 A5 e LA @ e 225 FFe7] ol E 1H
o] A= o3t} Plate B2 H|5o|4 AdeS drty TAA7I=A 7] 98 m74 VLR &
25 o] 838l ELISAE 3t 71& 239} {fASHA Maxibinding type¢l 32296 oA+

OD 7ol aglol 2glol o 1074 ek 32206 Hoh D54 @wAL PR foad
32596 A= °F OD  gkel °F  06°] 4o} 32296_3%_13}?: A HEHS Hloh

Ai,g B?

0.0.450 nm
0.0, 450 nm
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EHAY BAgK @5z B1ifng @20ng E40ng

EF&F‘F E = 71X = eusa platel M2 H 50| ‘5‘—.!.% Hld, iR 74 clone = 0| S5} ELsA plate® MHE E|S0|H 22 52 | (4). & plate B
Z 2t (HA- Hemagglutinin protein) 0] OIS & BEEE| =5 2257| 25|l anti-HAmouse antibody E 0| S ELISA (B).




o] ¥ plate Bt} AFA dwldS HAs=d 803k 32396, 32496 9l A= OD #te] 0.2 °]3s}k
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Yol HAE FFA 7]+ "oz 9&gS nx= oz BTt
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ATh EE platedl A FL s=7F Soldel wel ODFrol S7kste Ao W kA
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o7 Hoghr ol AAERY E AFEHLE g FFo] LolsgtHAE VLR clone® 44
7hA i ¢ Qs 322063 323965 ¥ AREshe]l VLR Screenings % 3stw== k3T
HA 3ol s 32296, 32396 F7FA] plate EFoA =& #eAdS Hd FE& 37 $8)
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d) Sandwich ELISA ®H & 53 389 59|34 VLR screening
712 dutA el ELISA H ‘?.j o2 B AFHA e Eo| whild VLRSS screening st WHS
SHA A olgt = A S st % indirect ELISA *¥o] o}yd direct ELISA W4, =
sandwich ELISA ‘%}‘?5% }9 Eo]4 VLRS screening 3t WHES A|=8] HATH o
gl AF WS Jledohd, WA oA VLR A5 9S 96-well plate°ﬂ HA ZEg ohg,
lel=& Agsta, oo & FAE A4 2Z Aol VLR &9
Ay e AgE S Hole FEES 2399 st vy 2 B upel o] o
AdE VLR 99 ZE2 96-well platee] A= IZ®REHAH S At 54X
ok o] IHE VLR @A HAL 3¢

o}m Fﬁ
2
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3+ 7 5o oAUz HEL 9942 Aesn HAL
il ol tagging ¥ His epitopes A& A+ His Ab % 2% FAE AHesiE d3, A
HE VLR clone5¢ E% Sandwich o z2x 33to] ZAdtso] 7HA ¥ % okgkrh ojeF
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300 o17He] & VLR F855 ° WHos o Aaedsrgiont, Al &< So4 VLR
2 HEEA X stk Wb, Sandwich ELISA W9 S F3 &4 Ho

screening ot W E 2 Ao ol el VLR JJr% A geA W=
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= 96~wel|01| St T vs5 Ab, 24 2| E 0] 82510] vir T ZE EA|| 2291 B. sandwich HH 2 2 VIR coating T HA 28 =2 SHf =2
HEL & X 2|6} 11, HAO] tagging £ His S ZHX| 1= His Ab = X 2]|5}0] VLRT} HA 2 12| Zeto] 5 =9l
iii) Lamprey C Z&% 97} 928 VLR EFAE o] &3 IA50)4 IdA &=
a) Lamprey C ¥ &to] 2% VLR %A 23 HegA2d A
2 A" gYgs wHoe® VLR screenings A=A TF g 5o]#Ql VLR &5 37|
of = o]zl o] ATk Lampreye] VLRE ©] €3 Max D Cooper 4782l Ayfo] o5}, o]
33t AstS dAE= Cysteine’] 0] =53 lamprey VLR C @537 VLRY E&A45 A
sheul oEs dvha AT AW, B Aol AFEE wFols] VLRIA EgAs
o] & w®heh ojugl =wWdE WAHA Fotrh wetA] HAo] VLR AF=ES IF4AIA VLR
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2 Sfil

\Lamprey C-term

(cited from Antibody responses of variable lymphocyte receptors in the lamprey.
2008. Nature immunology)

Lamprey VLR C-terminal E7| A4 2E % 0] MBS =85 cell
expression HlE|. O E7H2| CysteineO| VIR E2E2| O|THH|
g” £ FLESHC} (A). VIR library gene0] 224 &= HI=
gl 220 lamprey C-terminal A 20| BT VLR library
7F O 2K BE|Z 2L =5 H&LICH(B).

ok AF3s HAoe] VLR cDNA libraryE tA] pTEL ¥WEo] F=243t, 292 VLR
= Mk 5 293 MAEZF) transfection sFATH AEdo = #Hl¥E VLR @9 d &9

A oAFE ARl 98l VLR #4HA] A, 11G5E ©| 83t Western blotting S
Algatatt 28 HE oA ddAP L] AolE BPoy HdAnkAom 7]E] ddAFE 7} of
|, & ol A AA H3A FEHZ Buy e FFS #EE 5 A

<

mV2 1LC 2LC 3LC 4LC 5LC 6LC 10LC 11LC 13LC 14LC 15LC 16LC 20LC 24LC
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35—
pTEL HE| £ 0|35t viR O|2HY] L, HAE TIYS BH O coNAEEH VIR libraryE ST S pTELHEHE EE
g9@a. ”’“ﬁﬂoi ViR 282 UHT 5| HEk 293F MEZZE transfection & F dS%UE YE= S0
Westernblotting = 2A|E HEW 2 0|25 e 2| vir0| E7Tt= & 22057 2|50 2-mercaptoethanol 7F HE| 2
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b) VLR EZFAE o] &3 AIV 5o]3 HPo A L=

A AFFY UnkHQl ELISA ¥HS F3] digF 300 7/ d%=9 VLR FE2&5%

screening 1% A3} ELISAIA Z3tAl ¥AS Hole VLR HE sy, SAHET
VLRI8¥} ®lga] & w] AIVolw @E4 o2 =2 whgAS Yehdvt

Hir oZ:

Western blotting
ELISA 1. non-reducing condition (no B-MeOH)
5 2. Boiled samples
' 1234 1234 123 4
-
pVLR 94 — 1 LB
130 + -+ T
100 + e 1
wsy 0.8 70 == <1 1 . e
= 55 -+ i sl
(=]
2 40 + - o
) 35+ -+ -+
o
0.4
VLR 18 (NC) VLR 94 Mouse HA Ab
1. Purified AIV 1 ug 2.VHS 1 ug
0.0
% i L 3. HA 200 ng 4. HEL 200 ng
Ctst =h2lof Cfjst viroa & S EH T2 vir 182] HH2d AL 4 B8 22 (AIV 200ng/well, VHSV 200ng fwell, HA 20ng fwell,
HEL 20ng/well) | Tzt ELISA Z 3t 3 non-reducing AHEf2| Western blotting Z 1}

3l Wk Western blotting Z¥olAdE o3t wk3AE #ad 4= Aok webd, 22w
VLR947} AIV 9] Aap7zvks <jgto g <lgelx els) w7 9af, ztzte] niolg~
(AIV, VHSV)Z boiling 3# %<& =3 boiling® & denaturation 3+ #=S 7}z PVDF

membrane®| dotting 3&F3 immunoblottingS Al @3FATE ofdl I™HelAM HiE Hlel o]
ELISAZ A¥¥ VLR 94% denaturation A17]* & AIVolT Az o=z 73}

signalS A3, AIV tiiEZ< 1w Sl HAo = ZAdsHA &+

Atk webd, VLR 5842 53 screening WHS 3 AIV Eo]% o] aa wao
&3t

Dot blotting

1. non-reducing condition
2. Unboiled samples (No positive signal with boiled samples)

s 1. AV original sup {(MS396)
@ @ . . 2. Purified AIV 500 ng
3. VHS 500 ng
DO @ |iwe
5. HEL 100 ng

mouse HA Ab

Chgst SHAof gt vir 94 9 34

[ Z=+ 2l VLR 189| dot blotting Z 1}

. . Ctd 37 ©F (crude AIV sup (1),
AIV 200ng fwell (2), VHSY 200ng/fwell

{3), HA 20ng/well (4}, HEL 20ng fwell
{5} o O ¢ non- reducing /non-

denaturing & E{ S| dot blotting Z 1.

VLR 18 (NC) VLR 94
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@ A9d HAoJ2HH AIV 5|4 VLRB &A =324
WetEl pTEL ®ME Al2®S o] &3)e] 715 oz Hyst "ao]l VLRB cDNA library S
pTEL WEo FRYsla, Z7te] FREES 293 A EF transfection 31l 39 A3 & A=

S 3 ¢ate] AIV o] #YH 96well ELISA plated] A glsle] AIV So]3 wlgo] a4
% iﬂfﬂ%@ AAA A A= g3 2e

o
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==

VLRB gene in hagfish mRMNA
immunized with AIV HIN2-HA1

Lymphocyte-like
Hagflsh cells isolation

- M _ -

Immunization with Ag mRNA lsoI:tion& .
to hagfish ¢DNA synthesis ,__1

Synthesis of newly generate d
VLR-B mRNAs

mature VLR-Bs ==\,

immature VLR-Bs
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E1s | = ' &
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D1 ] : PCR amplification of
Ak | j VLR-B cDNA pool
0o0s Cloning of VLR-B cDNAs into
G- L i | ﬂﬂﬂl] ﬂﬂ HI H & EXPRESSION ve:;tor
dp‘;f‘}\‘;‘g"gb <~$ é\ﬁ&é\ b\q”\l\@‘?}é\ accor lngto expression ost system
AIV B0l wgo] g WS 93] oF 1,000 o7 o] Az A g AS5S ELISAS
=AY A, BolHeR wrgAdo] 2 e FEET HuH WL 3 FEE,
29 n gAUET e A rﬂww N;;wp— olgl 19 eE%o| WAH. 1HeF,
WA AIV H} |8]2=E5 ELISA ZdolEo Z¥3dar, 5% skim milk® blocking 3taL, Z+z}eo]

7)

96 well 54 343t 5% skim milk®t 1112 mix 3 & 4245 A2 sk PBST £do=

33 Axgk & wHAFo FAE AYH oz QA st 11G5 2Abd = A JIEe)E A esta

‘jr/*] EESER R DA
7 o

HRP
450 nmoll A A3k,

1_4

P7} At 22 FAS g3 TMBE 2WAE 1 stop 80w 114
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Screening of more than 1000 recombinant VLRB
25
2
=
% 15
)
o
(@] 1 LB BN BN N BN BN AN
05 | |
o hasiligiligisailifiliaiailiiaaiiiiniiiiiinianialiiniiinaiiilniiiilaailiniliin
1-94 279 261 34 38 &62
Y AlV-specific VLRB ELISA

0.D.450 nm

HoNZ2

HRP
25
B VLRE 20 Secondary Ab
2 @5 times dilution % >
m 25 times dilution Pri Ab
rima
L5 01125 times dilution L I o
1 \c.,f. 580 <.
VLR Jp.isd “}_y
05 ] ¢
s ‘ H i b PR |* ** * —
1-94 343 281 | J d d ruid

Control

@ AdEd AIV-5o14 #Zo] FAE] 42 &4
D Addd o FATY FHA Fu £ 27 BA

Mg AIV-Sol 4 wgo] FAEe] A4 B8] 98] maad za3 B94 2804
A g4 oFE SDS-PAGE® Western blotting #2418 %3] 7+ &. B-Mercaptoethanol
ol A HA F2 FHolM = THAE AR, A M= dHEA GdA FH
wE) o] A7l @S Felgh o] "o A AV HHEAS FTEER A5y 98
A Zpzke] mgo]l FAES bHul, 25w, 1259 ZH7; sAete] ALIVel AHelste] 1 whgA S F
A% A B WS Hgol gAl ¥E JEHOR AaFe FAW SAUETOR AL
g VHV wHpolg| o= M3 w4de UehlA &3+
GKP261 GKP343 GKP279 GKP333 GKPEG2Z GKPS4 GKP1S GKP261 GKP343 GKP279 GKP3S3 GKPGG2 GKPO4 GKPS
— — D - e —
170 10—
130 — 130 —
100 _ 100
e m o
65 _| 55— -
40 40 — ... - .
D5 B-me X {multimer form) 25 —| f-me O (monomer form)
3 mAVHY

BAV 534

25 -
@A 25454
3 - DAV 125Hf
OvHs
15 -
[
0.5 - . I
01— = _ S B . . T

GKP 261 GKP 343 GKP 279 GKP 383 GKP 662 GKP 54 GKP 18

©.0. 450 nm




THA=S %*éfi,i —’F Ae THA =rde Adste] GdA dHE vteo] 9 Sold AF
Sol B4 WA sy fetel A7e ErASe] A el BAAE AsL AV
Gastel wgAe AnR. okl YR Lol FFA EWAL AU W, I Aol
ehde] AdEs g3
Ig « GKP : multimer form Ig « KIN : monomer form
<7 LRRNT~LRRCT | Stalk <7 || LRRNT~LRRCT | Stalk |
GKP261 GKP343 GKP273 GKP333 GKPGG2 GKP3Y GKP13 GUPZOL CHPML CKP2T CNPSRT CHRGEZ CRAL CHMIB
— o R - e — R

170
170 130
130 100
100

=1 54

i o - - -
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35
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26 —
25, =

3
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A
! mvHS |
Z3 BVHS

2 4 24

L | - 15

| ) 1|
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111l P

Moaono Mono Mono Mona Mono Mona Mono
GKP 261 GKP 343 GKP 279 GKP 383 GKP 662 GKP 94 GKP 18 261 343 73 383 662 54 18

2.D. 450 nm
o [ )
.0 450 nm
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iii) Add 5o FA ] Fd 5ol ARs HA

AIV nvlolg] 2~ Eo]Z HESAS Hol=x dl7] 9] VNN Hiolgl 2~ VHS Hlolg AE5S
Ztz} si¥sto]l ELISAS Al gatlS wf, e 94, 261, 343 W7ol A5 AIVEelnt A
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gz o7 AeES immunoblotting (dot blotting)S E3] &3S
3 Virus dependent specificity VNN vis [ A
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2.5 virus
OVMNN
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Q 15 4 E
a 3
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o i GKP 343 &
i GKF 34 GKF 281 GKF 343 GKP1E
Tk AIV vlo]l & Fo| A e A g AFE¥E HIN2 strainol ¥k Sold o=z Asgtst= A &
ols] ® 7] fl&l, HAN2, H5N2, H6N2 % HIN2E PVDF membrane®| dotting sFal A¥# 3
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GKEP 261 GKP 343

DARI Infection

Merged

Stained by Stained Stabned Stained
GKP 24 1 by GKP 267 1 by GKP 343 1 by GEP 18
— —- A pre———y

\
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s o] 444 ELISA d3dolr 549 43t B9 ez 6354 VHS wpo] 2] 2=9}2]
A= HHEA7]= vlole] o] Fmel Agle] GKPHUE 2757 nhojg 2o st Yt
7] 28 E GKP18S ©]&3 A= wlolg]xe] FH9} F=
o] ELISA A&8dA 549 Z23E Yeld. In vitroddlA MDCK AXE ZHAII& =7/
2o o] GKP 949 358 S HALSE flow cytometry ¥4 ZF oA GKP HAE
¢ GKP 189 H]&te] of 25% HE MDCK Al ¥ #Y9 A 3382 BIS. 275
FolgA GKPUE o83k nlojelx 7HH9 Fsbsd 42 dA flow cytometry 4]
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| GKP94
i
id
1.2
1
[oF-}
o8
o4
o2
Q T T T T
Ongof Ingof 10ng of I0ng of 100ng 300ng Tugof Jugel
virus virus virs  wirus  of virus of wirus  virus Virus
18 4
16 4
14 A
1.2 4
1 4 — bt with AR
e s b Ained with VHS
06
04
GKP 18
02 4 g = - - . = Y d
Ong of 3ngof 10ng of 20ng of 100ng 300ng 1ug of 3ugof

wirgs VirLs Wirgs wirps  of virus of virus  wirus wirys

FITC

&) ZF =7 dlolzy & o9 @Al hemagglutin-1 (HA1) Eo] YA o 3z &F

O HA1 @9 d S &&3 5Fo] HY
Boogqo] Algd P AHWYA ZFS7lol 2~ (avian influenza virus subtype HIN2) 9]
oy d F hemagglutin-1 @M AS M ow Azt A= HAL @lds AR
Tz #d

Az HAl @9de AZ AE A<l Sino Biological Incold T8t a<
(Cati40036—V08H1 Sino Biological Inc). ®9 A MS222 (0.1 g/L)E o] &3sle] AAHoxg =
FolE g 5 10 pgol FUS 2 F HHo=E 4 3], B 71*/\}’5}04 Udg_lﬂ Fgs
e, W FAEE HFgoje dAowy o

1 AA mRNAE &3t 2, 28% percoll

_1
I

gradientE &3} leukocyteRt 5k 5 RNA exraction KltE o] &3] mRNAZ
wElsta olE cDNAZ A4 s 28 2y, Wy & HFgo ddor Ao mRNAE
Fot AgTolA BY =43 o]% VLR-B cDNA library (mature VLR-Bs)7}
5o, v, W Ao 7 cDNA HEol A= 9504 VLR-B cDNA

i ]
DAL

_OL

rlr

- r

Bl olugl Aol germline & E1¢ VLR-B ¢cDNA (germline VLR-Bs) &= &7 34 5 o]
AS. thA Qo Wl BoEd wgole] oo @BE percollE v RaH leukocyte
= o]g3lo] “Total blood mRNA extraction kit” & A mRNAZ £ 3 t}e, JHAEA
£ 0] &3] cDNA libraryE PCRZ /443 VLR-B F#A oAl ol AEE o]&s}
o] VLR cDNA libraryE Al §Aste] #7|9F dom Fddow wdstry] A i $9



VLR cDNA 47 W3tE op7te s A79E Fom #&sd S 22 e Al =g A 7
H pGkepta WE Al~ES o] &3le] oz W # o] VLRB cDNA libraryZ pGkepta
wWEo] Z24sla, pGkeptao]l ZZ4Y ¥ VLRB cDNA library &  HEK-293F A0
transfection stl+. @4 =49 AEZFES A puromycin (2ug/mD< o]-&ste] HAE ekl
AEE MEFES 96 well plateo] &2 wWlYgste] ZF well & 5071 Aol Ax= 53

90%°] confluency® AEE wF st 39 A3 & T A4S 3gste] HAL o
96 well ELISA plateoll #gsto] el So]% o] A& Bt AEatS =893

K
o,
R

ELISA procedure
S

1. SO 2 ALEE CHEE (HA)S 94 well platel| 2 E.
2. 5% skim milk”?} 25 pBSE SoI0 S22 0tE FH, 11G5
3. S =oHoF Z42tel M =ZHi 2 (VLRBs) = JL

ZIEHE O 2 94 well plate Of| ZE = TR0 BtS A2 % VLRB
4.VLRBO| SO|X ¥tE5t= RHA| &4t Opf AEH|(1165)8 M

BHSAIH VIRB| BHEE HE.
5. 0192 EHOL SOl Her 2 B 13412 [H?ﬁz, (control protein)
6. TMB/H,0, BI2 = BFS4d =73 (0D 450 nm)

@ "W9d HAFAJZHEEH HAL Eo|3 HFo A 238

1 Bold wHAo gAE AAstE AELS 2adsie FAS B8 A¥d AEL
(poly—clonal) & A8 4 (limited dilution)& ©]-&3te] &Y Al XZ(mono-clona)® A3t 1
2k, 22 ELISA AE#AAS ool Zo] Psidlsg. o /\}d‘l-ﬂ hen egg
lysozyme(HEL) & dof] Eo]H o7 Ht&3st= HAgo] FAE Aiste= MEIE F71H0=2 A

_I

Ol
Ll

E }—}\}\D

15t ELISA screening (as: 800 ng/well)




ELISA screening (as: 800 ng/well)

HEL-specific hagfish Abs

12}, 2% ELISA A¥a4d s A 23 HAL 5ol4 Ao dAE Aitsts AMEF 979
clone # HEL 5o]% Aol dAE Aitste= AEF 8719 clones AEa3ds. 2H2He] 3
of Eoldo=z wtgdteE AN AXEFTE T AHES SIS Hol: MY AxFTE 77
UhAl Adbete] wESA 9 Sold e HFsRAL F7F Ads Wgetr] flste] AR £4 9
EE BA4E S nuEA s YA Ads A A e AET T 3 AEF
A Fd3 VLRB 97|14 ds 7= Aoz gl Hddon HFHor 2718 HAL Sol4 49
ol FgAlE Aitste AEFE AEESS. A4e dwAAd vudAs Al
ELISA WA &2 dot blotting #41S B3 =2 39 5oz w3AS 32l 3o o]
gk A3E ofefel vERH. HAIHON2)o| Sol# whgA S vlustr] g e dd=z=

H3N2 (H3N2-HA1, A/reassortant/IVR-155; Sinobiological), H5N1 (HANI1-HAIL, A/common
magpie/HongKong/5052/2007; Sinobiological), H7N9 (H7N9-HAL,
A/Pigeon/Shanghai/S1069/2013; Sinobiological)o] A}-&%.



Characterization of the positive VLR clones (1-1, 3-5) specific to HA protein of AlV
VLR HA3-5 (low affinity)

VLR HA1-1 (high affinity)

LRRNT CPSRECESCSGETEVECCCSSLTSVEPTGIPARTT CPSRCSCSGTTVSCOSKSEFTSVESGFESSTT
LR R 1 YLNLCCNELQSLPHGVED ILYLHTNQLOSIPDCVED
LR RV ELTELTTLVLYNNOLESVEDGIFD RLTOLTRLDLGINQLOSLPNEVED
LR RV = KLTELTELWILNNNOLOSLPNGVFE
LR RV = KLTLLTTLYTHTNQLESVPDGVFD
CP RLTSLORIYLYSN RLTSLOQTIYLYSN
LR RCT PWDCTCPGIHYFSEWINEHSGVLIGTSGNVNEDSAKCSG PWDCTREPGVDYLSEWLHTNSKEETSTSAKCSGSGEPVESIICPE
SGEPVEEIICPE
3.0 HA HA HA HA
(HON2) (H7Ng) (HSN1)  (H3N2)
2.5
B HA A HEL
HA 1-1
2.0
1.5
HA 3-5
1.0
0.5
MNegative
0.0 vz rrasss clone
HA1-1 HA3-5

u}) Yeast display Al2€1S o] &3 I 5olF HAo A wF

@D Yeast display A|2=¥ =

B Ao A= 7]£9 pYDS yeast display & ®E o] HYste WAo]e] VLR cDNA library
cloning 3}¢] pDNA libraryE 733t e. pYDS yeast display & WE+ AGA display
ot GAL ZZEEo| os Tds= Az o Zeke] AGA SP
(signal peptide) ol <3 yeast A3 ¢jF = ZH[EW FHE C &ete] A3
mAGA (mature FEje] AGA)ol 2ol& yeast &]F-3E o] display ®. VLR cDNA library=
pYD89 sAGA ¢F mAGA Atelol 224 at7] 918 + 7H9 Sfil o 229 st o]l gh

T
=
=
AlEls ol e

Hﬂ 19.

R

DNA AzxFgoz TdyH= dilde SAGA-VLR-mAGA FHZ yeastoll A 15 H yeast
MEL]H o= AGA @9 &3 AZA%H el VLR peptide library”7} display ¥ A 2.

A2k library= W= 25 x 10° o] 4] & thddS YERIAS. Colony PCR 44 & &3
Aoj ztzte] VLR PCR AFE5-S DNA sequencing 3 ¥ Zy mE FE2oA Z+zte] VLR
9] invariant region % variable region®] EF =AS el £ AAE. o] AHRE =3
VLR-B cDNA library”} yeast display "E A]~glo] =& T2 T4 M s

[e)

.



Vector map of pYD8 Schematic expression pattern

2 Sfil
VLRB

dBmmﬂE{G,s;; mAGA2 | (LRRNT~ LRRCT)

FITC

4¥0 lddl

(6188bp)

Yeast surface

A 2+l yeast display HE, pYDRel| 7292 deld & VLR A& S24d3te] EBY100
yeastoll AwWHAHQI electroporation W o2 FAA3Z A|7]11 VLR @@ e] vty o FE g2l
St S. 54 v E<l VLRBY yeast W Wd X5 A 5317 9189 western blotZ &

3
FAME F3F localizations 913 FACS 4], confocal microscope #41S AA|&}% o™ 0}
RS-, Western blot 23 induction¥ A %< negative control :rLoﬂ XM= Tl o]
%o, inductionAloll wWiF WA Ao FHHA] il yeast’t T st e Al
Z3% VLR A S #HAE3% 3 (10 non-inductioni™ 9] yeast ¥3 &, 2: galactose inductioni™
3: non-inductiont 2] yeast B 4: galactose induction* 9] yeast W%
o] #u EARE AFar] fA% FACS 23 435, induction®A] &2
negative control o W H]3S] 70% ©]49] yeast 7F THeo] VLRB @ AS ddste] B3 I
o £& THE&S HAS. Confocal microscope 415 F3F] induction A %2 negative control
ol tiHlEte] yeast AEXEWOl W FITC FFAA4ES st om DAPI -34S F3to

yeastAl 29| & Rl & AAS.

A=IPS
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Western blot Flow cytometry
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@ Yeast display Al 2€& o] &3 HAl Eo] HAo & 4z

Yeast display ®E Al2~8l Ao A =% VLR libraryES 39 50]% screening 3t7] $3}]

FACSE 7|Wto® 3t cell sorting 71%&< A€ 393 ofdiol UeElH. FACSE o] &3 cell

sorting A g @AZ MACSE ©]&3F target cloned &% AL 3] Bt} =& &

screening % Y2 background oS 7FeA 71 skl F+E¥ VLR libraryE ©] 8319 1

3ol MACS #A4o] AAaS. MACSE o83 HA714 cell sorting AF2] & So]F
o

VLR clone?] T%& #9& $3le] FACSY|HHe] o583 dAS o892 AxF VLR
Ao yeast H TS gAsty] gk FFIARJ FITCS e 5ol4 nkgs g9l
k7] 9lsk FFekA|Ql Alexa 5559 Hb-g-& EF YERU = double-positivedt 3 (5 49
AP o] A4S Fahed 01%9] &9 5ol4 VLR clone? populations #2393 MACSE



23] 5uje] H=ZS 2l edS. MACSH sorting ¥ yeast clone & 3% 3AHy ZZuA]
S T3 Fw3 population X F FACSE o] &3to] #4319 3. MACS sorting Aol H]3}
of ®Hrp Mez 92l p29-9 S gating st A AF 0.04%9 A SolHe Ho
populationg &2l 8 4 o p2 gating 7+9S o] 83to] 12 FACS sorting o] AdE#
yeast clone 52 3|5 A FZFHNHS &3 FE3 population SFH F FACSE o] &3+
A5 S. 1x FACS sorting 39 sorting ¥ veast clone = 1.0 x 10°71¢] yeast clones
FACS #4138 A3 0.1%9 p2 gating79 ¢ populationS Held = 9lom o] 12 FACS
A Aol p6 population¥} Hl:L A] 258]9] F%S YEE A Y. 12 FACSE &3l

¥ p2 populatione ©o]&3dle] 23 FACSE %3+ sorting2 Z33se. 23 FACS

sorting ¥ vyeast clone 5<% 3% 3’%]334 TENAES F3 FE3S population FH

FACS #4135t91<. 22 FACS AW Zof Sorting ¥ library 5 1.0 x 10° 719 yeast clon
FACSZE o]&3lo] ¥43 Ay 05%9 p2 gating ™92 populations &<eld 4+ A2,
12} FACS #o| p2 population¥} ®H]:L Al 124) 0]”-4 T3S YeERH, 12 FACS - p2
population¥} Bl A] 5u o]Fe] FEHES YBUlE. F 2xke]l A3 FACSE ©] &3 &9 &

2 VLR clone?] A¥S 985 P o1 sorting ¥ yeastE ©]-83}9] single isolation §& 7§ 4
¢l screeningS # 33 <
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55 clones Alstar F 27019 cloneo] ¥
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43}l FACSE 7|Wto = olT @ dAAS AR

HES st s FFAQ FITC o] Sol4 ‘ﬂ%
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MACS sorting

Unsorted VLRB library MACS output
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HEK-293F AlZ5E A&3stls. 42e &9 54 VLRB #dA4E yeast &1 2
B2l pYDS8 vector ZHE HEK-293F A% #H] @& WE <l pGkepta vector® ©]&
L HEE 59 Sfi I 9= cloning YA R o] &3l AR &4 2 WHolo ¢
ZAHA A olFs AU, o] HME = oo BoAxl npet o] Ig x A
A E9E g 7 Y Sfi T 97 EA13H, Western blotting 2 &7
JAE 93] V5 epitopee] HAHo] o CMV promoter Rt} 74&€3st 2w EH =2 ¢

Zl elongation factor la (EF-1la) promoter o 93] WMol AYEE g e. 72tz
9] VLR #F##7F 22499 pDNAESS 293 A9 transfection A|7]3L 48 AlZF A3 3
GFP @9 4ol W o2 transfection©] 3‘%—8— &8 olFo] HAes Fdssle. &
= T8s5to] &g 5ol# ELISA 43 &4 5o]4 immunoblot 41 %18
of e, ELSIA®A ¥ immunoblot 4 EFolA] control2 Al&%¥ o2 < (H6N2;
A/Chicken/Korea/ ~ KBU0084,  H4N2;  A/Chicken/Korea/V11410583)°l tirlstel  HON2
(A/Chicken/Korea/MS96/96)°l =2 ¢ Sol4d& Hom ol Add 2%9 g 5o|F
VLRB clone®] HEK-293F A|3ZFoA A4td Al VLRB @92 o] &9 Eo]d 5Ao] 1
= BREwn Ao 334 2 G4 dS5s AT 2948 AHEE 7 e

g oy
_0|L

E_&rﬂ
~

X o
o
1=

Q>
<
—
=

WA & oo
M do
\

N

ol

Vector map of pGkepta Schematic expression pattern

/:_\

ell surface

ELISA Immunoblotting

- _N_._A
' AV AV AV
16 - WAIV HIN2 [ H4N2 HBN2 HON2
1.4 4 W AIV HBN2
O AIV HAN2 =
1.2 <5
m I
1 - @ £
— s
0.8 4 >
Z -
0.6 - m
e g
0.4 4
T T T - s
0.2 - g
0 1 T T E ZI
VLRE.mV2 _NC  VLRB.AIV HA_31 VLRE.AIV HA_ 91 S




(W) FEHZANIA R wEFE AA F A B7 (SPF & R dut A &A)

O AT HFAIA T FE HBAIAE AR 84AM9 FaFE AR

S Aol AAE AIV 5ol oAl E o] &34 chicken eggE A9 Al F A&
AIVE drlyg F3A71=4 H2E R 7] 93] Egg inoculation methodE A A5kt & 3
Hol in vitro S Ao sy Ee HIN2 AIVel thdk & 13 72 9o A

f5H7te H=ESAT

- 9ol A 13 FH: m38, 1-1, 1-31, 2-41, 3-14, 3-29, 3-71, m74, m76, v125, 166, h2-18
h2-94

- HA97h= 274 - 2789 M5 Yehy

AIVE AR s|Mete] HE w5 9 7§ SPF Al&el A 7 - 97§ ¢] Aldol A HAF =
AZsAT A, dwE Wge] A 13FFol i T35S Huke Ay 3 F7
faiA = AL AL Aol & Folv AA7EA A E 105 FAAE of2 & =y
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T e BT R TR e [ [
_““

VLR 125 5 5 4 =5 5
VLR 166 5 4 4 =5 4 5 5
VLR 18 5 >5 5 >5 4 >5 5
VLR 54 5 4 4 =5 5 =5 4
Megative control 0 =5 o =5 o =5 o
Possitivecontrol 7 =5 5 5 5 =5 5
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O 9HZo] A A A€ A HA antigen expressionS $ 3+ gene synthesis
@ Source of recombinant HA antigens
® Influenza A HON2 (Hong Kong/G9/97)¢] HAl subunit®® N terminal 331 amino
acid &% recombinant protein FEHZ AIZE o] (Cat No: 40036-VOSHI, Sino
Biological Inc., China).

® Whole DNA sequence for HA antigen expression:

ATGAAGGCTGTACCACTAATAACTATACTACTAGTAGTAACAGCAAGCAATGCAGACAAAATC
TGCATCGGCTACCAATCAACAAACTCCACAGAAACCGTAGACACGCTAACAGAAAACAATGTT
CCTGTGACACATGCCAAAGAATTGCTCCACACAGAGCACAATGGGATGCTGTGTGCAACAAAT
CTGGGACGTCCTCTTATTCTAGACACTTGCACCATTGAAGGACTGATCTATGGCAACCCTTCT
TGTGATCTACTGTTGGGAGGAAGAGAATGGTCCTACATCGTCGAAAGACCATCGGCTGTTAA

TGGAATGTGTTACCCCGGGAATGTAGAAAACCTAGAGGAACTAAGGTCATTTTTTAGTTCTG

CTAGTTCCTACCAAAGAATCCAGATCTTTCCAGACACAATCTGGAATGTGTCTTACAGTGGAA
CAAGCAAAGCATGTTCAGATTCATTCTACAGGAGCATGAGATGGTTGACTCAAAAGAACAACG
CTTACCCTATTCAAGACGCCCAATACACAAATAATAGAGGAAAGAGCATTCTTTTCATGTGGG



GCATAAATCACCCACCTACCGATACTGCACAGACAAATCTGTACACAAGGACTGACACAACAA
CAAGTGTGGCAACAGAAGATATAAATAGGACCTTCAAACCAGTGATAGGGCCAAGGCCCCTTG
TCAATGGTCTGCAGGGAAGAATTGATTATTATTGGTCGGTATTGAAACCAGGTCAGACATTG
CGAGTAAGATCCAATGGGAATCTAATCGCTCCATGGTATGGGCACATTCTTTCAGGAGAGAGC
CACGGAAGAATCCTGAAGACTGATTTAAACAGTGGTAGCTGTGTAGTGCAATGTCAAACAGAA
AGAGGTGGCTTAAATACTACTTTGCCATTCCACAATGTCAGTAAATATGCATTTGGAAACTGC
CCAAAATATGTTGGAGTAAAGAGTCTCAAACTGGCAGTTGGTCTGAGGAATGTGCCTGCTAG
ATCAAGTAGA

® Amino acid sequence of recombinant HA antigen:

MKAVPLITILLVVTASNADKICIGYQSTNSTETVDTLTENNVPVTHAKELLHTEHNGMLCATNLGR
PLILDTCTIEGLIYGNPSCDLLLGGREWSYIVERPSAVNGMCYPGNVENLEELRSFFSSASSYQRIQIF
PDTIWNVSYSGTSKACSDSFYRSMRWLTQKNNAYPIQDAQYTNNRGKSILEFEMWGINHPPTDTAQT
NLYTRTDTTTSVATEDINRTFKPVIGPRPLVNGLQGRIDYYWSVLKPGQTLRVRSNGNLIAPWYGHI
LSGESHGRILKTDLNSGSCVVQCQTERGGLNTTLPFHNVSKYAFGNCPKYVGVKSLKLAVGLRNVP
ARSSR

Molecular weight: 37 KDa.

@ Recombinant protein A4HS $3 Ul AIV HON2 &2 ¥#F o &
¢ s £ #F X ¥E cloning
- A 2 AF =EYE5Y 29 AIV HIN2 28 #3 (AIV 0131002 &H s HAL

subunits PCR2.1 cloning vectorE ©]-&3te] 43402 cloning 3% <.

©@ AIV 01310 HA1 sequencing % Hong Kong G9/973 Al¥ X vl

- PCR 2.1 plasmid®l insertion ¥ AIV 01310 HAl sequenceZ cloning site &FZ:9
3= MI13 F/R primerE ©]£3Fo] DNA sequencing= 3.

- Sequence Alignment 23 dX&}# &= FEo] WS O=F epitope typingS 93t

fragmented peptide AAtol]l FA g3k Zlow AE 2L

by

A



CLUSTAL W (1.81) multiple sequence alignment

hSn2_antigen
01310

h9nZ_ant igen
01310

h8n2_ant igen
01310

h9nZ_ant igen
01310

h9n2_antigen
01310

h9n2_ant igen
01310

h9n2_ant igen
01310

h9n2_ant igen
01310

h9n2_ant igen
01310

h9n2_ant igen
01310

ATACCACTAATAACTATA
AGCAAAAGCAGGGGAAT TTCACAACCAGCCAARATGGAAATAATAGCACTAATAGCTATA

wdk ke kdek Rkl

CTACTAGTAGTAACAGCAAGCAATGCAGACAAMATCTGCATCGGCTACCAATCAACAAAC
CTGGTAGTGACAGGAACAAGCGATGCTGATAAAATT TGCAT TGGCTACCAGTCAACAAAC

e de ki * k dkkkk wAkkEk kR hkkhd kkkkk kkddkkkkd kkkddkkkk

TCCACAGAAACCGTAGACACGCTAACAGAMACAATGTTCCTGTGACACATGCCAAAGAA
TCCACAGAAACT GTTCGATACACTAGTAGAMAACAATGTCCCTGTGACACATACCAAAGAA

sk ek skl R ke sy e e d ok kol ekl sk e ek ok ok e e

TTGCTCCACACAGAGCACAATGGGATGCTGTGTGCAACAAATCTGGGACGTCCTCTTATT
TTGCTCCACACAGAGCACAATGGAATGT TATGTGCAACAAACT TGGGACACCCTCTTATC

Ahdkhkkdhhkhrhdhhkdddhhdd dkk & dhkrdddddrd Adddhdwk  Arkvdddhw

CTAGACACT TGCACCATTGAAGGACTGATCTATGGCAACCCTTCTTGTGATCTACTGTTG
CTAGACACCTGCACCATTGAAGGGT TGGTGTACGGCAATCCTTCCTGTGATTTGCTACTG

Fhkkhkihhk AEkdkhkkhkkhkhkkd  khk & Kk wRkhkk Ehkkkk Ehkkkkk * kk kK

GOAGGAAGAGAATGGTCCTACATCGTCGAAAGACCATCGGCTGTTAATGGAATGTGTTAC
GGAGGGAAAGAGTBGTCTTACATTGTCGAAAGATCATCAGCTGT TAATGGGATGTGCTAC

sl ok ek kel ddkovkh Wkhdedrdddek ok ik mdkdkorkok dwhRkk drdkdk

CCCGGRAATGTAGAAAACCT AGAGGAACTAAGGTCATTTTTTAGTTCTGCTAGT TCCTAG
COTGGAAGGGTAGAGAATCTGGAAGAACTCAGGTCTTTTTTCAGTTCTGCTCGCTCCTAC

*k kEk & EEEREE Rk Wk R Wk RRERERR kR kR Rk AEE ¥ kkwadw

CAAAGAATCCAGATCTTTCCAGACACAATCTGGAATGTGTCTTACAGTGGAACAAGCAAA
AAAAGACTCCTACTTTTTCCAGACCGTACTTGGAATGTGACT TTCACTGGGACAAGCAAA

oo e ek ke e ke e el de e ke e e * dedededddkded vk ek vk dedeok ek e e

GCATGTTCAGATTCATTCTACAGGAGCATGAGATGGT TGACTCAAAAGAACAACGCTTAC
GCATGCTCAGGCTCATTCTACAGAAGTATGAGATGGCTGACACACAAGARCAATTCTTAC

sedr ke ok dededridrdede ok vk crdededrdedkdr ik s ook s ok s e vy e e ok

CCTATTCAAGACGCCCAATACACAAATAATAGAGGAAAGAGCATTCTTTTCATGTGGGGE
CCTATTCAAGACGCCCAATATACCAACGACT GRGGAAAGAATATTCTCTTCATGTGGGGC

FHAEFEA AR AR AR AR R W w W e e s el o W e e e R

Sequence alignment between two AlV viruses.

® Influenza A HIN2 (Hong Kong/G9/97)¢] HA1l gene synthesis
@D 3¢ Z X E gene construct T+
® HA A A2l Sino Biological Inc. 25 E c¢DNA ¥+ expression plasmid %<

FA30 o1}, Sino Biological Inc. 29 A] plasmid A 2ol 2 3 g},

@ ZWAA gene AA FA
o FnF AU~ PUEF ol 3te] A4 T

- FH3 AEUEE HEOE genes H/ds8te] pUCHT cloning vectorel insertion A%,
MUCI3 F/R primerE ©]-&3}9] insertion ¥ AlA2~ ARE AAA 7]&2 3Adle] 7]E9)
Azl AlH 29 HlaLste] gl 3l

— 59 —



Confirmed by .. .. ..
sequencing -

HA1 gene &

TRRAEEEORBAA T YA kaA AAEE Tulbaliia T1H

@ dA " HALl gene2 ©]-&3l9 fragmented peptide library T

@ Ag

- HA1 recombinant protein Aol AF& % o]zl

Fog Yol oty 17l o] overlappingstE A
b EA ke e 54T RS YA o o

size fragments®} ¥H-8-A]7A biding siteg &1 ¥, 3

Uit short size fragment®} ¥F2 Al# HZF epitope +9= 100 - 130 DNA bp (30 - 40

amino acids)9] &2 FIto = A,

AlE 25 mid size %
4% peptideZ & A7 epitope site
e

gol &A7F &1 HAAS Al WA mid

& 3l mid size fragmentE TS FA

HA1

~350bp

15t Set

(4 fragments)

2rd Set

(10 fragments)

~130bp

HA1 peptide library 7d T}

short size F+ L



@ Cloning 2 protein expression

- Cloning
® Expression Vector : pET30a%] multi-cloning site®l] partial cloning ¥ HAl cDNAE 4

2] A]l# C-terminal His-tag®] &% linked protein FEj = Wd ¥ == t]x}ol,
® 15 Set (Z17}9] fragment”} °F 300 bp DNA = ¥ 35 =2 t]xpel)

- HA300-1 (plasmid W linked protein expression region. &< &4 & (&2 HA
partial sequence)
Atgcaccatcatcatcatcattcttctggtetggtgccacgeggttctggtatgaaagaaaccgcetgetgetaaattcgaacgecageaca
tggacagcccagatctgggtaccgacgacgacgacaaggecatggetgatatcggatccATGAAGGCTGTACCACTAAT
AACTATACTACTAGTAGTAACAGCAAGCAATGCAGACAAAATCTGCATCGGCTACCAATCAAC
AAACTCCACAGAAACCGTAGACACGCTAACAGAAAACAATGTTCCTGTGACACATGCCAAAGA
ATTGCTCCACACAGAGCACAATGGGATGCTGTGTGCAACAAATCTGGGACGTCCTCTTATTC
TAGACACTTGCACCATTGAAGGACTGATCTATGGCAACCCTTCTTGTGATCTACTGTTGGGA
GGAAGAGAATGGTCCTACATCGTCGAAAGACCATCGGCTGTTAaagcttgcggecgeactcgageaccac

caccaccaccactgagatccggctgcetaa

- HA300-2

Atgcaccatcatcatcatcattcttctggtetggtgecacgeggttctggtatgaaagaaaccgetgetgctaaattcgaacgecageaca
tggacagcccagatctgggtaccgacgacgacgacaaggcecatggcetgatatcggatcc TACATCGTCGAAAGACCATC
GGCTGTTAATGGAATGTGTTACCCCGGGAATGTAGAAAACCTAGAGGAACTAAGGTCATTTT
TTAGTTCTGCTAGTTCCTACCAAAGAATCCAGATCTTTCCAGACACAATCTGGAATGTGTCT
TACAGTGGAACAAGCAAAGCATGTTCAGATTCATTCTACAGGAGCATGAGATGGTTGACTCA
AAAGAACAACGCTTACCCTATTCAAGACGCCCAATACACAAATAATAGAGGAAAGAGCATTCT
TTTCATGTGGGGCATAAATCACCCACCTACCGATACTGCACAGAaagcttgcggecgcactcgageacca

ccaccaccaccactgagatccggcetgctaa

- HA300-3

Atgcaccatcatcatcatcattcttctggtctggtgccacgeggttctggtatgaaagaaaccgcetgetgetaaattcgaacgecageaca
tggacagcccagatctgggtaccgacgacgacgacaaggecatggetgatatcggatccGGCATAAATCACCCACCTAC
CGATACTGCACAGACAAATCTGTACACAAGGACTGACACAACAACAAGTGTGGCAACAGAAGA
TATAAATAGGACCTTCAAACCAGTGATAGGGCCAAGGCCCCTTGTCAATGGTCTGCAGGGAA
GAATTGATTATTATTGGTCGGTATTGAAACCAGGTCAGACATTGCGAGTAAGATCCAATGGG
AATCTAATCGCTCCATGGTATGGGCACATTCTTTCAGGAGAGAGCCACGGAAGAATCCaagcttg

cggccgceactcgagecaccaccaccaccaccactgagatccggcetgetaa

- HA300-4

Atgcaccatcatcatcatcattcttctggtetggtgecacgeggttectggtatgaaagaaaccgetgetgctaaattcgaacgecageaca
tggacagcccagatctgggtaccgacgacgacgacaaggecatggetgatatcggatccATTCTTTCAGGAGAGAGCCA



CGGAAGAATCCTGAAGACTGATTTAAACAGTGGTAGCTGTGTAGTGCAATGTCAAACAGAAA
GAGGTGGCTTAAATACTACTTTGCCATTCCACAATGTCAGTAAATATGCATTTGGAAACTGC
CCAAAATATGTTGGAGTAAAGAGTCTCAAACTGGCAGTTGGTCTGAGGAATGTGCCTGCTAG
ATCAAGTAGAaagcttgcggecgecactcgagecaccaccaccaccaccactgagatccggetgcetaa

® 2" Set (Zt7}9] fragment’} ¢F 100 bp DNA & ¥¢3sl:E2 t]=49l)

- HA100-1
Atgcaccatcatcatcatcattcttctggtctggtgccacgeggttctggtatgaaagaaaccgcetgetgetaaattcgaacgecageaca
tggacagcccagatctgggtaccgacgacgacgacaaggcecatggcetgatatcggatccATGAAGGCTGTACCACTAAT
AACTATACTACTAGTAGTAACAGCAAGCAATGCAGACAAAATCTGCATCGGCTACCAATCAAC
AAACTCCACAGAAACCGTAGACACGCaagcttgcggecgeactcgagcecaccaccaccaccaccactgagatccggcet

gctaa

- HAIO00-2

Atgcaccatcatcatcatcattcttctggtctggtgccacgeggttctggtatgaaagaaaccgcetgetgcetaaattcgaacgecageaca
tggacagcccagatctgggtaccgacgacgacgacaaggccatggcetgatatcggatccGTAGACACGCTAACAGAAAA
CAATGTTCCTGTGACACATGCCAAAGAATTGCTCCACACAGAGCACAATGGGATGCTGTGTG

CAACAAATCTGGGACGTCaagcttgcggecgeactcgagecaccaccaccaccaccactgagatccggetgetaa

- HAIO00-3

Atgcaccatcatcatcatcattcttctggtctggtgccacgeggttctggtatgaaagaaaccgcetgetgcetaaattcgaacgecageaca
tggacagcccagatctgggtaccgacgacgacgacaaggecatggetgatatcggatccCTGGGACGTCCTCTTATTCT
AGACACTTGCACCATTGAAGGACTGATCTATGGCAACCCTTCTTGTGATCTACTGTTGGGAG
GAAGAGAATGGTCCTACATCGTCGAAAGACCACaagcttgeggecgeactecgagecaccaccaccaccaccactg

agatccggctgctaa

- HAI00-4

Atgcaccatcatcatcatcattcttctggtctggtgccacgeggttctggtatgaaagaaaccgcetgetgcetaaattcgaacgecageaca
tggacagcccagatctgggtaccgacgacgacgacaaggecatggetgatatcggatccGAAAGACCATCGGCTGTTAA
TGGAATGTGTTACCCCGGGAATGTAGAAAACCTAGAGGAACTAAGGTCATTTTTTAGTTCTG
CTAGTTCCTACCAAAGAATCCaagcttgcggecgecactcgagecaccaccaccaccaccactgagatccggetgcetaa

- HAIO00-5

Atgcaccatcatcatcatcattcttctggtctggteccacgeggttctggtatgaaagaaaccgetgetgetaaattcgaacgecageacatggacageec
agatctgggtaccgacgacgacgacaaggccatggetgatatcggatccCAAAGAATCCAGATCTTTCCAGACACAATCT
GGAATGTGTCITACAGTGGAACAAGCAAAGCATGTTCAGATTCATTCTACAGGAGCATGAGATG
GTTGACTCAA Aaagcttgcggccgcactcgagceaccaccaccaccaccactgagatccggetgetaa

- HAI00-6

Atgcaccatcatcatcatcattcttetggtetggtgecacgeggttctggtatgaaagaaaccgetgetgctaaattcgaacgecageaca
tggacagcccagatctgggtaccgacgacgacgacaaggcecatggcetgatatcggatcc TTGACTCAAAAGAACAACGC



TTACCCTATTCAAGACGCCCAATACACAAATAATAGAGGAAAGAGCATTCTTTTCATGTGGG
GCATAAATCACCCACCTACCGaagcttgcggccgcactcgagecaccaccaccaccaccactgagatcecggetgctaa

- HAI00-7

Atgcaccatcatcatcatcattcttctggtctggtgccacgeggttctggtatgaaagaaaccgcetgetgetaaattcgaacgecageaca
tggacagcccagatctgggtaccgacgacgacgacaaggcecatggetgatatcggatccCCACCTACCGATACTGCACA
GACAAATCTGTACACAAGGACTGACACAACAACAAGTGTGGCAACAGAAGATATAAATAGGA
CCTTCAAACCAGTGATAGGGCaagcttgcggecgeactcgagecaccaccaccaccaccactgagatccggcetgctaa

- HAI00-8

Atgcaccatcatcatcatcattcttctggtctggtgccacgeggttctggtatgaaagaaaccgcetgetgetaaattcgaacgecageaca
tggacagcccagatctgggtaccgacgacgacgacaaggcecatggcetgatatcggatccGTGATAGGGCCAAGGCCCCT
TGTCAATGGTCTGCAGGGAAGAATTGATTATTATTGGTCGGTATTGAAACCAGGTCAGACAT
TGCGAGTAAGATCCAATGGGAAT Caagcttgcggecgeactcgageaccaccaccaccaccactgagatccggetget
aa

- HAI00-9

Atgcaccatcatcatcatcattcttctggtctggtgccacgeggttctggtatgaaagaaaccgcetgetgetaaattcgaacgecageaca
tggacagcccagatctgggtaccgacgacgacgacaaggecatggcetgatatcggatccAATGGGAATCTAATCGCTCC
ATGGTATGGGCACATTCTTTCAGGAGAGAGCCACGGAAGAATCCTGAAGACTGATTTAAACA
GTGGTAGCTGTGTAGTGCAATGTCAAACAGAAAGAGGTGGCTTAAaagcttgecggecgeactcgageac
caccaccaccaccactgagatccggctgctaa

- HAI100-10

Atgcaccatcatcatcatcattcttctggtetggtgecacgeggttctggtatgaaagaaaccgetgetgctaaattcgaacgecageaca
tggacagcccagatctgggtaccgacgacgacgacaaggecatggetgatatcggatccGGTGGCTTAAATACTACTTT
GCCATTCCACAATGTCAGTAAATATGCATTTGGAAACTGCCCAAAATATGTTGGAGTAAAGA
GTCTCAAACTGGCAGTTGGTCTGAGGAATGTGCCTGCTAGATCAAGTAGAGaagcttgcggecgeac

tcgagcaccaccaccaccaccactgagatccggctgctaa

® Sequencing= &3l EE cloning®] &3 FFHASS

ot
r

©@ Recombinant protein expression

® '} Cloning® plasmidE expression host (E. coli BL21DE3)| Transformation A]Z1

% IPTGE ©]&3F conventional recombinant protein expression protocolel] twz} -
T3

® Protein expression &91: SDS-PAGE % Staining=S %3}9] expected size protein®] %

e = g

=



SDS-PAGE analysis & & 8t target
protein®| & =@l Transformation =l E
coli lysate & IPTG induction & =0
M E=2310 target protein expression2
StAZ. o= MO =024
proteinOI IPTG induction =0 &9 &&=

A2 HOIB (H2 YA Lo WE)

JI'UI-

@& Confirmation of the expressed proteins as designed by Western blot analysis

® Sequence analysis: 5 cloned plasmidE DNA sequencing $ 291 sh

® Anti-his tag antibodyE ©]83F Western blot analysis: X recombinant proteine
C-terminal end®l his-tag®¥ link %] expression ¥ A tJx}<¢l ¥, ¥+ reading frameol
o7 S A Yl Alo]l =] his-tage] ©¥ ZR2E Qo] &4 A H. oE
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Prevalence and Mechanism of Fluoroquinolone Resistance in
Escherichia colilsolated from Swine Feces in Korea
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ABSTRACT

In dis smdy, we investigaed the prevalence and Auomguinodome (FQ) esistinoe mechanizms in Excherichia coli solsted
foom swine Tecal sanples . cobl solaes were collocted from 171 (72.2%) of 237 swine facul sunples OF these, 39 baolaes
{345%) were oonfirmed & Flesistant E. coll by the disk diffuscion method. OF the FO-resistant solaes, @iree major FOQ
restgance mechadans wae investipaid. OF the 59 bolates, plasmid-medisted guinolone resistinee genes wire detectad m 9
wolates {15.3%), Efflux pump activity was fomnd in 36 isolves {99%); however, this was not oomelated with the ncreazed FO
reslgance messwred by determining the MIC, Point mutifons n quinekne resitance—dotermining e gions were e muil case
of FY mesigance, All 39 ciprofioxacin-resistant isolates had mutaticns m quinokie redistnce—dermining egions of these 59
teolaies, all (100%) had mustions in gwA, 58 (PE3%) had momioens oo paend, 22037,3%) had mustons o paeck, and none hod
matatis in gyel. The predominent mutation type was double muttion in gy (Serfileu plis mutation in aspartic acid 873,
and all FQ-resimiant solates (encepd one ) gt had muations in e or parE alo lod double mutitons in gwA, Impatandy, the
frequencies of multidnig-resistnt and extended - pectnem -hctamaseprodocing E. coli were sipndficantly higher i the high
cipofloxacin MIC group in tus audy, Compaed with previons sudies in Komea, the prevaknce of FOQ eastance and plasmd-
medied quinolone resismnce genes had increassd considerably in swine. Allwagh the e of B a5 a feed additive & prohibited
m Komea, we for self-trestment and terapeatic puposes. has been inceasing, wihich may be responsible for the higher FG
residance rae observed in this smdy. Therefore, prudent use of B on animal fanns is waraned to redwee fie evolution of FQ-
resiant bacteria in the anmal ndostry,

Key wonds: Antimicndial resistance; Excherichia oofl; Floroquinolens; Pig: Plazmid-medisted gquinolome  mesistance

peie, Oinolene esigance—doermining mgion

Fluomquinalones (FOE ) ar some of the most freguently
used antimicrobials worddwide for the trestment of both
gram-negative and grom-positive hacterial infections (2 ),
The Word Health Organmization (WHO) has classified
quintlones and F(}s as “critically important antimicmbials”
becanse of their broad-spectrum effects and clinical
importnace in both tuman and animal medicine (401
Becmise the importance of Fi}s in humons ond mimals is
increasing, FO}resistaint hactena am o mapr concem in the
mmeatment of infectious diseases,

Antimicrobials are widely wsed in the food-producing
animal industry: they are used as feed addives to promote
growth and prevent disease md also for thempeutic purposes
(20}, On averge, antmimobinl wse 5 higher inthe animal
industry than in humon medicine { 7%, The swine industry is
the most mpormnt livestock industry in South Korea, and
the consumption of antimicmrhials in the swine industry bas
been estimuted to represent approximately 60% of all
mitimicrobiyl consumption in the mimal mdustyy in Koma
24}, Conseguently, the mtimicrobial-resistant raie m swine

= Aghors for comespondence. Tek 82-2880-4175, Fax: 482.2-871-
T524; E-mail: vhp@amac o (Y. L. b, magici WEsmac b (KTP. G,

is relutively higher than that in other food-prodocng aninals
in Karea #4; 22).

In an effort to reduce antimicrobial resistance in food-
producing animals, many antimicrobial agents, including
F()s; have been prohibited for use in feed additives simce
AHF in Koren (4}, Conséquently, F(}-msistnt hactena wen:
expected o decroase in the amimal industry in Korea.
Accordingly, in this smdy, we investigated the prevolence af
Fresistunt Excherichia colf isolated from swine foces. In
addition, we: characterized three major FH) msistance
mechmisms m Flresistnt £, colfi: (1) tipget-enzyme
moditication {mutstions in quinolone resisunce—detemmining
regons [QRDRs]L (i) plasmid-mediated quinnione resis-
tmce gene (PMOIR) activity, and (i) extrusion of drug
agente by efflux pump activity (451

MATERIALS AND METHODS

Eolation of E coli. A acml of 237 swine focal samples wene
callected from 24 swine farms in Kores Jeju provinee, n = 86;
Jeolla province, n# = 82 Gyeongsang province, n = 3%
Ouigcheong movince, o = M, Gyeongg povinoe, n = &;
Crangwon provimee, s=4) froin March w Jwee 2015, OF dwe 237
smples, 53 (X2 4%) wene from swine with darhes, The other |84
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The e of molecular sdjvants to improve the immuenogemicity of DNA vaccines has been hamoghly
siulied in recent years. Glycoprotein (GFbaied DNA vaccines lwad been proven o be effective in
comiatng infection against Rhaldovirus (especially infectious hematopoietic necrmis viris, THNY) in
Sl mrmichs. DVORCAT %2 Do licads bancvwinh 10 inscdisce antiviral and inflanma Tory res ponses by indascing a nvpe
I IFN ieate imamese responde. To gain more infomation reganding G-based DMNA vaccines in olive
Bounder (Rombiahys olivaceus), we trisd to develop 3 maore efficient C-bated DNA vaccine by sdding 2
malecular adjuvant, DAL We desigred 2 DNA vacd e in wikich the VHSY ghycoprobein (G-protein) and

m DDXA| were driven by the EF-1a and OMV prosnotery respectively. Dlive Rownders we re intra misscislar ly
Clycaprotem immunized with 1 pg of plasnids encoding the G-based DNA vaccine alone (pEF-G) the molscular
VHSY adjuvanl alose (pEF-DL or the vaocine- sdjuvant constrect (pEF-GDL AL twio dilferent time points, 15 and
interfemn 0 danys Later, the fish wers intraperitonaally infected with VHSV {100 gl | = IﬁE"I'EID_":,l'lll L) Onsr assangs
Inmate immune system revealed that the plasmid constrects shaow ed up-regulated expression of TFN- 1 amd its associated genes
ar day 3 podt-vaonation in both kidney and spleen samples. Specifically, pEF-GD deowed statistically
I gl eogure siod of §rmumiene fespodde geies tun pEF-G and pEF-D rreated group(p < 0005 p < QU001L
After VHSY challengs, the fish growp trested with pER-GD showed hig her survival rate than the pEF-G
treated growp, though difference was not statistically demificant in the 15 dpy challenged group how-
ever it the 30 dpy cluallenged group, the dilfersme was satistcally gnificant (p < 00051 Together, these
resulls clearly demonsirate that DIN4L is an alfective sdjivvant Tor the G-based DMA waccine in olive
ounder. Ouwr novel Tindings could Tacilitate the development of more efective DNA vaccines for the

aduuacisltere indiustry.
0 2007 Bsevier Lid. All rights resered
1. Introduction the same cellular machinery for replication and initiates an im-

mune response nomally chserved after wiral infection | 1] DNA

The development of effective fich vaccines had been the subject
of many recent studies aimed at helping the virus-plagued agua-
culture industries of Asia, especially those in South Korea and
Japan. Many of the in-development fish vaccines are DMA-based
systems whereby fish are inoculated with plasmid DMNA encoding
a specific portion of a virus gene under the control of a cukanwotc
promater. This kind of vaccine resembles a virusin that it equires

* Comesponding author Tel: 8255 772 Z350; Gx: 82 55 Th2 6733
Emal adadrecs: jungte®anuac kr (TE jungl

hitp: | e d ol org 06T L EL 0T 201037
V00 -G e 2017 Elsevier Urd All nights reserved.

vaccines offer numerous advantages over conventonal fish vac-
cines (eg, live-attenuated vaccines, subunit vaccines, killed vac-
cines, etc). For example DMA vaccines: can induce both humoral
and cellularimmune responses | 2], areeasier and safer to handle a=
they will never revert to an infectious state; and are characterized
by fast and cost-effective production, as well as a high degree of
stahbility during the prepamtion process (unlike other vaccine
types) [2] In contrast to other vaccnes (e.g. attenuated vaccines)
that were rampantly usedin the past. the antizenic gene within the
DMAvaccine is conserved the same way as its antigenicity therefore
giving a more advanced initiation of immune response after its
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Development of a monoclonal antibody against the CD3e of olive
flounder (Paralichthys olivaceus) and its application in evaluating
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The Teell receptor (TCR ) &5 the binding site of antigen and i5 responsitsle for specifically activating the
adaptive immune response. T3, an esental component of the CD3-TCR complex, is kvown oo be
composed of v and ¢ chains in teleost. However, there ane lew monechonal antbodies {mAb) available to
identify these maecules on Toells, so we almed o prodece 3 mADb against CD3: 10 iMprove our ui-
derstanding of T cell immune response in olive flounder (Poralichthys olbvaceus). CD3: recombinant
prote in was expressed in yeast, the expresion of which was confirmed by 5D5-PAL E MALD-TOFTOF M5
amd Westem blet analysis ACD3e-specific mAb B2 was selected, the specificity of which was eamined
by confocal microscopy, flow oometry and KT-PCR, and the mAb was subsequently used to examine the
CD3e lymphocyte popelation in several different immuene organs, with relatihvely high peroentages of
these cells seen in trunk-kidney and spleen. while lower percentages were seen in the liver and pe-
ripheral bood of olive flounder. During a viral hemorbage septicemia virus (VHSY) inlection in ol ive
flowister, the mumber of C0 3 lymphooytes was seen o grad wally increase (nthe Uver, spleen and trank-
Mdney of infected fish until 7das post infection (dpll In peripheral blood, on the other hand, the in-
crease im CO0: lymphocyte numbers peaked by 3 dpl These results suggest that CO3: lymphocytes might
e involved in the immune respomnse agalnst VHEV.

D 20T Elsevier Lud. All rights reserved.

1. Introduction

modulating the host's immune response through the adion of T
helper cells, or by directly destroying cells infected with an intra-

The adaptive immune system in vertebrates is mediated by two
major types of lymphocytes, B lymphooytes and T lymphocytes
| 15} The recognition of antigen by B-lymphooy tes results in the
producton of antbodies, also known as immunoglobulins (Ig).
These are able to neutralize pathogens during infection in a process
referred to as humomal immunity. T lymphocytes, on the other
hand, are responsible for cell-mediated immunity, either by

* {ormesponding author Laboratory of Agquatic Animal Dissases, College of Vet-
enmary Mesdiane, Cyeongrang Mational University, 900 Cajwadong |mju,
Gyeomg nam G60-701, South Korea. Tel: <852 55 772 2350 Boc <82 W62 6733,

E-mail addrees: ungts@gnzcks (TS jungl

it ffddx ot ong] 1600 N6 f F0 20 7704006
10504548/ A7 Bsevier Lid. All nights reserved.

cellular pathogen through the action of opotoxic T-cells. Notable
cell surface markers associated with the adaptive immune res ponse
include CD (duster of differentiation} molecules CD4, CDE, and
(M3, together with the T cell receptor (TCR) | 1.4.6—8]. The TCR and
(M3 molecule form the Toell receptor complex, which inhumans is
compaosed of TORe, TCRE, one chain of CO3y, one chain of C036 and
two chains of D3 [4] The structure of the TCR/CD3 complex in
teleosts is similar to that found in mammals, however, only three
kinds of chains are present in teleosts ie. CO3 %6 and (D3« chains
[9-13]

The TCR/CD3 complex plays a significant role in adaptive im-
munity. Toells are able to bind antigen through an interaction be-
tween the TR and the antgen, thus triggering the immune
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OFEN Quter membrane vesicles from
B-lactam-resistant Escherichia coli
-enable the survival of B-lactam-
e susceptible E. coliin the presence of
Mublisbod anline: 29 March 20018 ; . " .
3-lactam antibiotics

© siwon Kim!, Seong Bin Park’, 52 Pyeong Im’, Jung Seck Lee!, Jae Wook Jung®, TaeWon
¢ Gong', Jassy Mary S. Lazarte!, Jaesung Kim!, Jong-5u Seo”, long-Hwan Kim®, long-Wook
. Song®, HyunSuk Jung®, Gwang Joong Kim®, Young Ju Lee®, Suk-Kyung Lim® & Tae Sung Jung’

Outer mam brane vesicles [OMVs | oo ritainl ig various bacterial compounds ane released froim malnly

: gram-negative bactena. Secreted OMVs play important roles in the ability of abacterium to defend
 feself, and thus contribute to the surdval of bacteda in a com munity. In this stedy, we collected OMVe

© from B-lactam antiblotic-registant Escherichioc ol establlshed by conjugetion assay and the p arental

. Plactam antibictic-susceptible strain, and performed comparative proteam ic analysisto examine

¢ whether these OMVs ¢ ared [3-lactam -resistant compo unds, We dso investigated whether both types

| of MV could protect susceptible calls from B-lactam-indu ced death an dior direetly degrade B-lactam

: antibiotcs. Several proteinsthat can be involved in degrading 3-lactam antibioticsweramone abundant
1 ln OV fram (3-l actam -resistant E. coll, and thues OMVsfram 3 lactam resistant E . oll could directly and
i dose-dependently degrade (-lactamantibiotics and fully rescue 3-lactam-susceptible £. coli and other

. bactedal species from [-lactam antibiotic-induced growth i nhibition. Taken together, present study

¢+ demons trate that OMYs from [5-lactam- reststant E. ooli play lmportant roles in survval of asntblote

i susceptible bacteria against 3-lactam amtbéotics. This finding may pave the way for new efforts to

| comibat the current global spread of antibiotic resistances, which is considered to be a significant public
¢ health threat.

i The discovery of antibiotics has prolonged the human lifespan and alded in the development of various
¢ health-refated technologies. The efficackes of many antitrlotics have been established and improved since
i the imitial ientification of pentciiling but the overuse of antbiotics kas ked ta the appearance of “superbugs™
;& bacterts evelve the means 1 restst tradittonal antiblotice. The increased envergence of superbug strains has
;. come ta be constdered the biggest problem facing public heatth worldwide. For example. carbapenem-reststant
¢ strains of Actretobader baumanny® and multl-reststant Prergdomon s aerugitoss” are currently Imporiant clin-

Ical problems. In additlon, Staplvococo! sirains that zre highly resistant to 3-lactams (eg.. methicillin- reststant
: Staphylococeus auress)™ and Hecherichia coll and Kiebsrelln spectes capabde of producing extended-spectram
: f-lactamases {ESBLs), which conder resistance against [Hlactams®, are becoming severe problems (o antibacterial
. chemotherapy. The damage causad by zntimitcroblal resistance has been prediciad (o resch a totzl gross domestic

. aboratory of Aguatsc Animal Dide aued, Institute of Animal Madicine, Call ége of Vet erinary Medicns, Gy songsang
i Mational Linnversity, Jinju, 52028, Repubiic of Koréa. "Department of Animal and Dainy Soences, Mississippi State
; Umiversity, M5, 39752, USA. *Environmental Chemistry Research Center, Korea Instituta of Taxicology Gyeorgnam
. Department of Environmentad Toxicology and Chemistry, Jinju, 52834, Republic of Korea. *Department of
! Biochemistry, College of Matural Sciences, Kangwon Mationa! University, Chuncheen, 24341, Republic of Korea.
; “College of vaterinary Medicing, Kyoungpook Mational University, Daegy, 41566, Republic of Korea. "Bacteninl
© Dwzease Division, Animal and Plant Cuarantine Agancy, Gimcheon-si;, 39660, Republic of Korea. 51 Won Kim and
! Seong Bin Park contributed equally to this work. Comespondence and requests for matenals should be addressed to
¢ T.5.. famail: jungrs@gru_ac.kn)
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ARTICLE INFO ABSTRACT

Eepwords Monomeric variable lymphocyt® recepror B (VLEEB) is ane of the smallest binding scafiold (20-25 kla) from
Variabde Iy phocyre soepror B (VLRE) jawless vertebmtes, haghish and lmprey. This relatively new class of binding s ffold has varows sdvantages i)

Hagfi it has = single peptide composition, smenahbls to maolsculsr enginssring for enhancing its stahility amel affinity; @)
sl beestavhag) - mpricamis vins (VY it has a small size, contributing better tisue penetration and easier production wing md oo mgs mam = pression
HEEag oty i system. Manameric ar VLEE142, which cn specifically bind to the ghoopotein of viral hemorthagic sspticemia

vius (WHSY), was expresmsd in Pichin pagtoric High  quentity remmbinant monomeric ar¥LREEB142
{r¥LRE1A2™") wox pamified from 100m] of culture with 2 rsulting yield of 26 = 1. 3mg of target protein
Functional sudies revealed that the purified r¥1LE1427™ can speciially recognize low kevels of the target
antigen { recombinant ghooprotsin) (ie 2 bw 2 0.1 nM), but aka the native glycoprotsin of VHEV. The =x-
pressad VLR 2™ sxhibited high levels of stability and it retaimed it binding o pacity over broad temperature
{4°C — 60 "C) and pH ramges (pH 1 5=125) We developed an effective expresion system for mas production of
monaneric VIRE hesed aon P pagtoric. The recombinant protein that was obtained offers promising binding

avidity and hophysical stability and it poential we in vanous hiotechnological applications.

1. Introduedon

Varable lymphocyte receptor B {VLRB) plays an impormant role in
the humoral Immuenity of jawless vertebrates, inchading hagfsh and
lampray. VLRB s comprized of an N-terminal LER domaln (LRRNT), the
first LRR {LRR1), a diverse mumber of varable LRRs (LRREV], a con-
necting peptide ((P), a Glemminal LRR domain {LRRCT), an invartant
threpmine /proline-dch regon (Stalk) and a multimerting C-termbnes
domaln (Pancer e al, 2004). The variable domain of LREV can intemct
with the target antigen, with a potential reperolre of = 10™ unique
VLRBs {Han & al, 2008).Lamprey VLRE antibodies naturally form a
mulivalent complex conferred by several monomerle functional wnits
through thelr multimerizing C-terminal domaln (Hermin a1 al., 2008).
Althowgh the multvalemt antibodies allow high bindlng afinity and
arwet el stability, the large dze of the multimerie strseture limits thelr
applcability due to poor tlssee penetration, and laborious, expensive
]:lu'l‘adl.u‘_llm'l {Kolkman and Law, 2010 Nubez-Prado et al., 20151

Maomomerle VLRB, which spans from LRENT to LERCT, is a fune-
tomeal undt that is able to bind 1o the forelgn antigen and has a dngle

* Correspanding author.
Emad addrexe jungts @gmackr (TS, Jungl.

hitpssrdoiong 10,1006 Jim 200 808 006

peptide composition, amenable to molecular engineering 1o enlance its
stability and affindty (Lee et al., 2012 Taswml et al,, 2009). Monomerk
VLEB iz one of the smallest antigen bind ing molecules (20-25 kDa) and
becmise of 1ts small slze glves it several advantages over larger binding
molecules, including better Himuee penetration and easler producton
u=ing a micmorganism exprestion system {Ehosroshahl et al., 20168)
These clamctedstic makes monomeric VLRES an interes ing ool for &
variety of bioteclnological applications, inchading camcer therapy and
targeting viral and bacterdal pathogens,

Pichin pasoris has been widely wed as a heterologous proteln ex-
presson host ln both academic research and in industry. As a micro-
organlan, P pastoris i3 easier to genetically manipulate and is mome
cost-effective to culiure than mammalian calls that require kghear call
demdties. Alw, P pastoris contalng sub-cellular organelles allowing
post-transltonal modification, which enables soluble and Fenctioral
recombinant proveins to be expressed {Crepp o al, 20000, In addition,
e a-factor signal peptide from Soechanvryces ceravislae can efficiently
mediate the secretlon of heterologows protetns through endoplamic
retleulum, Golgl apparans and the plasma membrane Using a stromg
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Bacterial diversity and its relationship to growth performance of broilers
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(Recetved: June 7, 2017; Revised: August 18, 2017, Awcepted: August 22, 2017)

Abstract: The microbial commumity & known o have a key role during the reanng period of broilers, In this sudy,
gut microbial composition and diversity were examined o evaluate the relationships between these factors and broiker
growth performance. By applying 4534-pymsequencing of the V1-V3 megions of bacierial 165 rRMA penes, six fecal
samples from four- and 28-day-old chickens from three broder famms and 24 miestnal samples of broilers with heavy
and light body weights were analyzed. Microbial composition asszssment evealed Firmicutes to be the most prevalent
phylum at farn A, while Protechacteria were predominant at farms B and . Fecal microbial richness and diversity
indices pradually increased from four to 28 days at all three farms. Microbial diversity asessment revealed that small
intestine microbial diversity was lower in heavy birds than m light birds. In light birds, the Firmicuis proportion was
loweer than that in heavy birds. In conclusion, cach broiker famm reveaked a specific microbal profile which vaned with
the age of the birds, The microbial communities appeared to affect growth performance; thenefionz, put micmbial profiles
can be ufilized to monitor growth performance at broiler fams,

Keywords: broiler, growth performance, microbial community, pyrosequencing, 165 rRNA gene

Introduction

The gut microbiot in chickens consists of diverse prokary-
otic and cukaryotic microbes, which bve synemmstically in
their host [38], The gut microflom plavs a ke mle i main-
taming a conditioned swius by the competitive exclusion of
pathogens. [t is also related with & number of reactions, such
as the metabolization of nutrients, the development of
immune responses, and the rgulation of both health and dis-
canes (25, W] In poultry, severl studies have sugpested that
there 5 significant diversity in bactanal populations among
different parts of the gastrointestinal tact (GIT) [2, 22], and
that the microbial profiles of the GIT are comected to the
growth and health of flocks [26, 29].

Gt health can be affeded by varous factors, such as the
host, feed, littier, farmm faciliies, and envimmment [12]. [istur
bances i the balance of the gut micmbiots subsequerly
mmpar foed efficiency and growth performance [39]. The
growth performance of brotlers 1s one of the most cntical con-
cans for producers. Severnl parameters such as the feed conver
sion rato (FOR), body weight at market age, and hivability wers
inchided m the ekements of perfformance mdices and used o
detarmine the body performance of broiler flodks. Antibiotic
groth promoters i food animal production have besn used
to enhanee the growth performance and the health status of
ammals since the mid-1940s [18]. However, antibiotics- free

*Cormegponding awhor
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programs have been established worldwide and these have
mduced a negative impact on body weight gaim and frequent
oceurrences of bacterial enteritis in broiler farms [9].

Bacterial enteritis can cause cconomic losses, increased
mortabity, the disturbance of animal welfare, and risks the
comtamingtion of produds for human consumption [32]. The
presence of specific bactenal species and a variety of emaron-
mental factoms were involved in outbreaks of anteritis among
broilars, These exinnsic and intnnsic factors also mclude
medication exposure, dist, liter management, housing type,
biosecurity, flock age, genetic elements medating drug resis-
tance, and the put micobal community [1, 10]. Until recently,
a number of previous studies on poulry hacterial populations
have rdied on conventional culture methods to wdentify nfiec-
tious agents ad enumerate hactarial species [14]. However,
such labomintensive and time-consuming cultvaton based—
methods have limitations in their ability to provide compre-
hensive observations of chickens gut microbiota,

The maagenomic approach, enhanced by high-throughput
sequencing technologies, has bepun to fulfill expectations
and revoluttomze our understanding of microbial communie
ties by encompassing both the host and environmental sspects
[21]. The meapgenomic analvsis of fecal migobiomes by
Singh et al [26] indicated that fecal microbiota may be
related to broiler performance and suggested the potentbial use
of these tools for improving feed efficency md weight gain
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induced by superhydralphobic tails

It has been well known that variable ymghooyte receptors (WLRSE of jawless vertebrates directly
rgciate sdaptive imeranng response (A15) by antgen-specific binding and memony functan. Haghch
and lamperey are te anly surdving members of jawless vertebrates. which utilize thesr VIRs grouped
a3 WLRA WLRC and WLRE in response 1o antigen simulation ke immuonogicbulin of 8 cell in
mammals VLRE antbodies can be secreted from plasma call afrer differensaton Although the
structure and the functon of VLRE in both hagfish and lamprey are guite simélar, the characteristic
of each C-tarminal tad is totally dferent While lamprey's VLRB has Cyz-rich tad the VLIRS of hagish
has superhydrophobic tail locsted at the C-terminal region. The presence of WLRE proteirs in the
serum of hagfish were detected as muitimers [1.000 ~ 2000 kDa: approxmately 25 ~ 50 monomers!
by Fast probin ligusd comatography (FRLCH and mmunoblomng Whan randomly selecsed WLRE
clonas Were expresied in mammalian 293 vells: the VLAE protens were expressed and secreted as
the mulimerized forms. We azsumae that the superhydrophobic tad of VLRE in hagfish could induce
the mulimerizsnon o make 3 3o of ghobular protein complex Furthermore when the
superhydrophobic il was_genetically conjugated onte miCharry gene, the chimesic protein
el hatry-tupechydrophabeg il was not only secreted to the madium. but was aizo localized on the
wurface of the transfectad 293 cells as the multimesized proteins. Therefore, the binding avidity of
VLRE proteins of haghsh with the coresponding antigens could be much mare increased by the
Mastimadcatan
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Brevelopemenr of iomarkery unliziyg variable lysygpliocite recepecry (VT RS)
il hegiizh (Epcasretas. burgsrst cgaines avicen iafluamss virmy ST D

e Pysong los—, Jung Seok Lee, 5§ Won Kim, Jas Wieok Jueg. Jasey Alsry Lararte. Jas
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Hagfivh, along with Lanpreys, e javwless vertsberates (aznathape’ which do not have sssantal
adapetivce compsomants, sucls as TulUTOR 20 ol P00 s por Led call vecentors ard 2IFIC muoleosles.
whieh sre posssussd by thees pewed (Enathoclomes) counierparts. They have eamphheeyton
etmular to T and B calls that are refaaed to sz vanabls hymplhocyts recepiors (VL EEs). VERs dow
profeins mads uwp of leucins-nich repeats (LERa) that e assssnhled mmic fimctzonal receptors
tharcugh sonatke diversiflcation of germ-lins VLK (gWV1E) gene's i agnathans. Hagflsh have
e WLEs VIE-A sad VIE-B wheeh gie bang to be eguavalent to TORs soed BCHs
rartebrates, respectinvely, The VLR gens can generats 3 diverss repsrtoos of thesa call surface
receptors conpgparable (o the predicted dovernimy of mosanaoeal ian antibody repertoare. The oo
phylogenetue poarfuon of VL By o the scolutien of sdegooe cmemenaty peeocides ey peotasts el
adhvantages in VIR 1 ch. In particuler, VI E-B fimction s the imomanogloboalin (Igh-hased
svnterm of jawsd vertebrates, which, topether with thesr relatively sonall size amd hagh stabaline,
aauis e al of VI9IHE:s fior beomarkess Bevood the Rhgher  ectebsates-deres-wd
matibedias. In this study, we tmed to isolate snd ssxpress moenoclonsl VIH-B proteins apeacafie
fox lovw-pathogerac ancian nflusnsa viroes (LPATV) sobtype FHSIN2 L EEl na. (FI90 :

v usung &8 ononoclonal anbbody aganmst VER-B. The high-throughpai scoresmamng  setee
arnables ws to weslate monoclossl VI Ea and axplore the role of VIR on hagfiah ormraseetss by
scrmening luoge Lbmanss for specific antipen-banding VIR cloness. The akality of hagfiah
marrRanTy b prodduce a reperioas of matures VIEEs that can resrrangs o respoand o speaifle
antpens oFf antigetie deterianants make o & peead candidate for eeetaleds tharapoes o maas e
baneiicial uw Eestng sigralicast diseiaes.
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