|
SEQ: WQQQEEKKTQFRKKKREQELREMAWSTMKQEQSTRVKLLEELRWRSIQYASRGERHSAYNEWKKALFKPA BTN3A1h

A 270 2i|30 2?0 3(|)0 3‘! 0 3?0 31?0 34IIO

PRD: .HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH, ... ... ... 0000 a o CCHMM Full Length

PRD: HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH . . .. CCHMM_PROF Full Length
PRD: ....HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH. .. ..o o oo ol CCHMM Juxtamembrane

PRD: ...... HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHAH . ... oot CCHMM_PROF Juxtamembrane
PRD: .HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH . . .. Multicoil2

PRD: .HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH. ... ... ... ... oot MARCOIL

PRD: .HHHHHHHHHHHHHHHHHHHHHHH. ... ..... ... . i i i i e COILS 2.1

SEQ: WRQQKEITALSSEIESEQEMKEMGYAATEREISLRESLQEELKRKKIQYLTRGEESSSDTNKSA BTN3A2h

PRD: HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH. ... ... ... o0 CCHMM Full Length

PRD: HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH. ... .............. CCHMM_PROF Full Length
PRD: ...HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH. ... ... ... ..., CCHMM Juxtamembrane

PRD: ...HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH. .. .. ... ... ... ... CCHMM_PROF Juxtamembrane
PRD: .HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH. . ... Multicoil2

PRD: ...HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH. . ... ... ... ..., MARCOIL

PRD: HHHHHHHHHHHHHHHHHHHHHHHH.HHHHHHHHHHHHHHHHHHHHHHHH. ... ........... COILS 2.1

SEQ: WRQQKEKIALSRETEREREMKEMGYAATEQEISLREKLQEELKWRKIQYMARGEKSLAYHEWKMALFKPA BTN3A3h

PRD: .HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH. ... ... .. .. CCHMM Full Length

PRD: HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH .. CCHMM_PROF Full Length
.HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHA . .. ... .. L .. CCHMM Juxtamembrane

PRD
PRD: .HHHHHHHHHHHHHHH . HHHHHHHHHHHHHHHHHHHHH . ... L .. CCHMM_PROF Juxtamembrane
PRD: . HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH . .. Multicoil2
PRD: ....HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH .. MARCOIL
PRD: HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH ..................................... COILS 2.1
SEQ: WLQKKEKEALFLEKERAKEEKEIAQTEKEQEQRIKETLQYELKWRKIQYMARGEKSQAYAEWKKALFQPA BTN3A3a
PRD: .HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH. ... ... .. .. CCHMM Full Length
PRD: HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH . . CCHMM_PROF Full Length
. .HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHRA . ..o oo CCHMM Juxtamembrane
. .HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHA . . oo o oot .. CCHMM_PROF Juxtamembrane
. .HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHAH . . . . Multicoil2
: ...HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHA . . . ..o oo ool . MARCOIL
PRD: HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH. ... ..o ool COILS 2.1

SEQ: WLQRKEKEALFMEKERAEEEKETARAEKEQEQRIKETLEYELKWRKIQYMARGKKSQAYPEWKKALFQAA BTN3A3d

PRD: .HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH. .. ................ CCHMM Full Length
PRD: HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH . .. CCHMM_PROF Full Length
PRD: ...HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH. . ..o 00 oo CCHMM Juxtamembrane
PRD: ....HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH . .. ... ..o oo oo n L CCHMM_PROF Juxtamembrane
PRD: ..HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH . .. ... ... ... Multicoil2
PRD: ..HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHAA . .o oo o000 s MARCOIL
PRD: HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH . . ..o o0 oo oo, COILS 2.1
B 5€ 1004 BTN3A1| 1 BTN3A2| 1 BTN3A3
©
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SUPPLEMENTAL FIGURE 1. Coiled-coil segments are predicted in the juxtamembrane regions of all
BTN3 proteins by programs using hidden Markov model and position specific score matrices approaches.
The full length or juxtamembrane sequences of BTN3 proteins were used with various coiled-coil predic-
tion programs using default settings. (A) Location of predicted coiled-coil segments in the juxtamembrane
regions of BTN3 proteins. Residues predicted to comprise a coiled-coil segment are show as "H" below the
BTN3 sequence. CCHMM, CCHMM_PROF, Multicoil2, MARCOIL, and COILS 2.1 programs were used.
Note that whereas Multicoil2 and MARCOIL give identical predictions for full length and juxtamembrane
sequences, CCHMM and CCHMM_PROF predict longer BTN3 coiled coil segments for full length
sequences that in many cases extend into the transmembrane domain. For Multicoil2, MARCOIL, and
COILS, probabilities >20% were considered positive. Numbering is for the full-length protein including
the signal peptide. (B) Probability of coiled coil and transmembrane regions in BTN3 proteins. The coiled-
coil region probability is plotted (black lines) for the register with the highest probability of forming a
coiled-coil region as predicted by the Multicoil2 program. The transmembrane region probability is plotted
(red lines) as predicted by the TMHMM v2.0 program. Numbering is for the full-length protein including
the signal peptide.




A BTN3A1h IgV IgC | [T™M cC B30.2 513
BTN3A2h IgV IgC T™ CC | 334
BTN3A3h IgV IgC T™ CC B30.2 584
BTN3A3a IgV IgC ™™ CC B30.2 1557
BTN3A3d IgV IgC ™™ CC B30.2 1573
—Signal Peptide— gV
10 20 30 40 50 60 70 80 90 100
BTN3Alh MKMASFLAFLLLNFRVCLLLLQLLMPHSAQFSVLGPSGPILAMVGEDADLPCHLFPTMSAETMELKWVSSSLRQVVNVYADGKEVEDRQSAPYRGRTSIL
BTN3AZh ..... Sevivinnn I O O
BTN3A3h ..... Seeina, L S S R e
BTN3A3a ..T.RS.DSPR.YLL...V.VE..T.C....A.I..P..V.VI..... E..... SKeeooiia, Qe M. .G........ I.E..... E..
BTN3A3d ....PS.D.R.PHLL..II.V. TSC....A.I..P ........... E..o..... Koo NG TOR.oL FM..Q........ T.E..... E..
IgV IgC
11@ 120 130 140 150 160 170 180 190 200
BTN3Alh RDGITAGKAALRIHNVTASDSGKYLCYFQDGDFYEKALVELKVAALGSDLHVDVKGYKDGGIHLECRSTGWYPQPQIQWSNNKGENIPTVEAPVVADGVG
21 7. o N B B Ao, [
2011751 IE. .. B K..DT...... Ao
BTN3A3a ..D..... V....R..R..... N........ Nooo i IEM..H....... G.T.S.......... RDV..Q.M.A.A. LA...A.
BTN3A3d ........... Q..S.R..... N........ N N IEM. .HE...... {C I N RDA..Q.M.A.AT. PAT AL
IgC ™ CC
210 220 230 240 250 260 270 280 290 300
1 1 1 1 1 1 1 1 1 1
BTN3Alh LYAVAASVIMRGSSGEGVSCTIRSSLLGLEKTASISIADPFFRSAQRWIAALAGTLPVLLLLLGGAGYFLWQQQEEKKTQFRKKKREQELREMAWSTMKQ
BTN3A2h ..E......... [T L Pooovoiiat, I..... A..S....R..K.ITALSSEIES. . .MK..GYAATER
BTN3A3h ............... G T N e Poooooi... IS....A..S....R..K..IALS.ETE..R.MK. .GYAATE.
BTN3A3a ..T.TS.L.VKD.A..E...IVKNP..NQ....R.............. V.VF. . ..., CoooTounn L.KK..EAL.LE.E.AK.EK.I.QTEKE.
BTN3A3d ....TS.LTVKS........ I..NP..NQ....Q......... R..L...VF...... Co...Alo.. L.RK..EAL.ME.E.AE.EK.T.RAEKE.
—CC— B30.2

310 320 330 340 350 360 370 380 390 400
1 1 1 1

1 1 1 1 1 1
BTN3Alh EQSTRVKLLEELRWRSIQYASRGERHSAYNEWKKALFKPADVILDPKTANPILLYVSEDQRSVQRAKEPQDLPDNPERFNWHYCYLGCESFISGRHYWEVE
BTN3AZh .I.L.ES.Q...KRKK...LT...ES.SDTNKSA

BTN3A3h .I.L.E..Q...K..K...MA. . .KSL..H...M............ D...A.............. E..R......... E.R....... N.T.........
BTN3A3a ..RIKET.QY..K..K...MA...KSQ..A....... Qoevvennn Neoooooon N....L...DKR.N........ D........ | I
BTN3A3d ..RIKET.EY..K..K...MA..KKSQ..P....... QA....... Neooooon D....L...DKR.N..... K..D........ KeoToooooot
B30.2

410 420 430 440 450 460 470 480 490 500
BTN3A1h VGDRKEWHIGVCSKNVQRK GWVKMTPENGFWTMGLTDGNKYRTLTEPRTNLKLPKPPKKVGVFLDYETGDISFYNAVDGSHIHTFLDVSFSEALYPVFR
BTN3AZh
BTN3A3h ................ E..K.......... B 2 | Y E..R...I....... E...... T..... Y..PHA. . ..P......
BTN3A3a ......... R..QE..E..-C............ Voo, S...A SD...K.TVAN..QR.......... EV..... M..... Y..PHTF..GP.W. ...
BTN3A3d ........ V...RE..E..-R.I............. S...D..A..D...K TIAN..Q...I....... EV..... A ... VY. .PHT...GP.W....

- B30.2 = C terminus
510 520 530 5409 550 560 570 580
1 1 1 1 1 1 1 1

BTN3A1lh ILTLEPTALTICPA
BTN3AZh
BTN3A3h ............. IPKEVESSPDPDLYPDHSLETPLTPGLANESGEPQAEVTSLLLPAHPGAEVSPSATTNQNHKLQARTEALY
BTN3A3a .............. LTGEGSSIVPDLVPDLSLENTVAVGPADENGEPQAEVTSLLVPA
BTN3A3d .............. LTGMGRSSVPDLKPDLSLESPVALDSADENGEPQAEVTSLLLPAQPEAEGLFPTSNKSQP

% ldentity
C 1 2 3 4 5
1 82.0 [85.0 | 71.0 | 71.4 | BTN3A1h

2 |20.6 Il 90.4 | 66.5 | 68.9 | BTN3A2h
3 |16.6 [10.3 |-|72.4 72.3 | BTN3A3h
4
5

Divergence

36.7 |44.3 |32.7 (I 85.5 | BTN3A3a
36.1 |40.2 |30.1 [15.3 BTN3A3d

SUPPLEMENTAL FIGURE 2. Characteristics of BTN3A1, BTN3A2, and BTN3A3 family members. (A)
Schematic of the domain organization of BTN3 family members for humans (h), alpacas (a), and dolphins (d).
The domain lengths in the schematic are proportional to those in the proteins. (B) Amino acid alignments for
BTN3 family members. Amino acid identity is shown as a “.” Alignment was done by the Clustal W method.
(C) Similarity between the BTN3 family members. Identity and divergence table is shown.



/Q\ 10 20 30 40 50 60 70 80 90 100
1 1 1 1 1 1 1 1 1 1

BTN3Alh IgV QFSVLGPSGPILAMVGEDADLPCHLFPTMSAETMELKWYSSSLRQVVNVYADGKEVEDRQSAPYRGRTSILRDGITAGKAALRIHNVTASDSGKYLCYFQ

BTNBAZI TGV - e ettt e e et e e e e e e e e e

BTN3ABN TGV oottt it i et ee e T
BTN3A3a IgV ..A.I..P..V.VI..... E..... SKuvvrvninnns Quvvnnn. FM..G........ I.E..... E....D..... V....R..R..... Nooows
BTN3A3d IgV ..A.I..P........... Evvrrnn K....N...T..R....... FM..Q........ T.E..... . Q..S.R..... Noooo..

_— % Ildentity
110 [E; 3 4 5
BTN3Alh IgV DGDFYEKALVE § 1 99.1 |80.2 |82.9 | BTN3A1h
BTN3A2h IgV .......... gl 2 99.1 [80.0 [82.7 | BTN3A2h
BTN3A3h IgV .......... a—, 3 0.9 0.9 - 791 827 BTNSASh
BTN3A3a IgV ..N........ 2 : : : :
BTN3A3d TgV ..N........ o 4 (23.1(23.3 (246 (|| 87.4 |BTN3A3a
5 |19.5(19.7 |19.7 | 13.8 |l BTN3A3d
(:) 10 20 30 49 50 60 70 80 90 100
L L L L L L L L 1 1
BTN3Alh IgC VELKVAALGSDLHVDVKGYKDGGIHLECRSTGWYPQPQIQWSNNKGENIPTVEAPVVADGVGLYAVAASYIMRGSSGEGVSCTIRSSLLGLEKTASISIA
BTN3AZh IgC .......... R A - U Ao, S Evvrrvnnn Govvnnns I..Neooo e,
BTN3A3h IgC ............. LS - K..DT...... A Goo o I..No oo
BTN3A3a IgC .....ovvnn... IEM. . H....... G.T.Sevvnrnn.. RDV..Q.M.A.A..LA. .T.TS.L.VKD.A..E...IVKNP..NQ....R....
BTN3A3d IgC ............. IEM. .H....... G.T.Seiviinnn. RDV..Q.M.A.A..LA.. LT.TS.L | A, E...IVKNP..NQ....R....
_ % ldentity
110
[:) 1 2 3 4 5
BTN3Alh IgC DPFFRSAQRW ¢| 1 || 20.9 |90.0 [69.1 |69.1 | BTN3A1h
BTN3AZh IgC ........ P. g 2 |97 |HE 927 [69.1]69.1 | BTN3A2h
BTN3A3h IgC ........ P. 2 0.0 BTN3A3H
BTN3A3a IgC .vn...... 2 : :
BTN3A3d IgC .......... ol 4 BTN3A3a
5 BTN3A3d
E 10 20 30 40 50 60 70 %o 90 100
1 1 1 1 1 1 1 1 1 1

BTN3Alh B3@.2 DVILDPKTANPILLVSEDQRSVQRAKEPQDLPDNPERFNWHYCVLGCESFISGRHYWEVEVGDRKEWHIGVCSKNVQRK-GWVKMTPENGFWTMGLTDGNK

BTN3A3h B30.2 ...... Do A, E..Rivvnnn.. ER.uuun.. e E..Kevvvrrnnt.

BTN3A3a B30.2 ...... Novvoons N....L...DKR.N........ ) SR S R..QE..E..-C.ovnvnn.. V... S.

BTN3A3d B30.2 ...... Novooronn, D....L...DKR.N..... K..Dovourn A V...RE..E..-R.T............ S...D

T T T T T T T
110 120 130 149 150 160 170
1 1 1 1 1 1 L

BTN3Alh B3@.2 YRTLTEPRTNLKLPKPPKKVGVFLDYETGDISFYNAVDGSHIHTFLDVSFSEALYPVFRILTLEPTALTICPA

BTN3A3h B30.2 ..A........... E..R...I....... Eoovwt. To YO PHAL . L.P I

BTN3A3a B30.2 ..A.SD...K.TVAN..QR.......... EV..... M .. GPWL

BTN3A3d B30.2 ..A..D...K.TIAN..Q...I....... EV..... Ao VYL PHT. LGP W. .ot

BTN3A1h
| BTN3ASh
BTN3A3a

Divergence

SUPPLEMENTAL FIGURE 3. Characteristics of IgV, IgC, and B30.2 domains of BTN3A1, BTN3A2, and
BTN3A3 family members. Amino acid alignments for IgV (A), IgC (C), and B30.2 (E) domains of BTN3 fami-
ly members for humans (h), alpacas (a), and dolphins (d). Amino acid identity is shown as a “.”” Alignment was
done by the Clustal W method. Similarity between the IgV (B), IgC (D), and B30.2 (F) domains of BTN3 fami-
ly members. Identity and divergence tables are shown.



C

A

Divergence w

BTN3Alh Exon

10 20

30

40 50

60

1 1 1 1 1 1
4 DPFFRSAQRWIAALAGTLPVLLLLLGGAGYFLWQQQEEKKTQFRKKKREQELREMAWSTMKQEQSTR

BTN3AZ2h Exon 4 ........ P I.....
BTN3A3h Exon 4 ........ Pt IS..
BTN3A3a Exon 4 .......... V.VF...... C..
BTN3A3d Exon 4 ..... R..L...VF...... C..
% ldentity
1 2 3 4 5
|-| 59.7 162.7 159.7 | 58.2

88.1

55.2

59.7

10 20 30
1 1 1
BTN3Alh Exon 4 ECD TM DPFFRSAQRWIAALAGTLPVLLLLLGGAGYFLW
BTN3A2h Exon 4 ECD T™M ........ Poveennnn I..... A..S..
BTN3A3h Exon 4 ECD TM ........P........ LIS..LLALLS. L
BTN3A3a Exon 4 ECD ™™ .......... V.VF...... CovtTeennn
BTN3A3d Exon 4 ECD T™M ..... R..L...VF...... (Y VU
% ldentity
D 2 13 (453
g] 1 84.8 | 84.8 |81.8 | BTN3A1h Exon 4 ECD TM
§ 2 . 75.8 | 78.8 | BTN3A2h Exon 4 ECD TM
g| 38 |17.0 75.8 BTN3A3h Exon 4 ECD TM
6| 4 |17.029.3 |29. .9 | BTN3A3a Exon 4 ECD T™
5 [20.9[250[250[13.3 |-| BTN3A3d Exon 4 ECD TM
G 10 20 30
BTN3A1lh Exon 5-8 VKLLEELRWRSIQYASRGERHSAYNEWKKALFKPA
BTN3A2h Exon 5-8 ES.Q...KRKK...LT...ES.SDTN-.S.
BTN3A3h Exon 5-8 E..Q...K..K...MA. KSL. He oMo
BTN3A3a Exon 5-8 ET.QY..K..K. MA...KSQ..A ....... Q..
BTN3A3d Exon 5-8 ET.EY..K..K...MA..KKSQ..P....... QA.

BTN3A1h Exon 5-8

BTN3A2h Exon 5-8

Divergence I

BTN3A3h Exon 5-8
BTN3A3a Exon 5-8

31.5 | 12.4 |Jll| BTN3A3d Exon 5-8

.R..K.ITALSSEIES.

.MK..GYAATER.I.L.

.R..K..IALS.ETE. RMK .GYAATE..I.L.

BTN3A1h Exon 4
BTN3A2h Exon 4
BTN3A3h Exon 4
BTN3A3a Exon 4

BTN3A1lh

BTN3AZh

BTN3A3h E

BTN3A3a
BTN3A3d

Divergence I I

% ldentity

BTN3Alh
BTN3AZh
BTN3A3h
BTN3A3a
BTN3A3d

CL.

Divergence

10
1

20
1

_L.KK..EAL.LE.E.AK.EK.I.QTEKE...RIK
L.RK..EAL.ME.E.AE.EK.T.RAEKE. . .RIK
10 20 30
1 1 1
Exon 4 CC QQQEEKKTQFRKKKREQELREMAWSTMKQEQSTR
Exon 4 CC R..K.ITALSSEIES...MK..GYAATER.I.L.
Exon 4 CC R..K..TALS.ETE..R.MK..GYAATE..I.L.
Exon 4 CC L.KK..EAL.LE.E.AK.EK.I.QTEKE...RIK
Exon 4 CC L.RK..EAL.ME.E.AE.EK.T.RAEKE...RIK

BTN3A1h Exon 4 CC
BTN3A2h Exon 4 CC
BTN3A3h Exon 4 CC
BTN3A3a Exon 4 CC

30 40
1 1

CC R..K.ITALSSEIES..

% ldentity

3

4

46.3

36.6 | 36.6

41.5 415

48.8

G WIN|=

CC QQQEEKKTQFRKKKREQELREMAWSTMKQEQSTRVKLLEEL
.MK..GYAATER.I.L.ES.Q...
CC R..K..IALS.ETE..R.MK..GYAATE..I.L.E..Q...
CC L.KK..EAL.LE.E.AK.EK.I.QTEKE..
CC L.RK..EAL.ME.E.AE.EK.T.RAEKE. .

.RIKET.QY..
.RIKET.EY..

BTN3A1h CC
BTN3A2h CC
BTN3A3h CC
BTN3A3a CC
BTN3A3d CC

SUPPLEMENTAL FIGURE 4. Characteristics of juxtamembrane domains of BTN3A1, BTN3A2, and
BTN3A3 family members. Amino acid alignments for exon 4 (A), exon 4 extracellular and transmembrane seg-
ment (ECD TM) (C), exon 4 coiled-coil segment (CC) (E), exon 5-8 (G), and coiled-coil (CC) domain (I) of

BTN3 family members for humans (h), alpacas (a), and dolphins (d). Amino acid identity is shown as a

(134

Alignment was done by the Clustal W method. Similarity between the exon 4 (B), exon 4 ECD TM (D), exon 4
CC (F), exon 5-8 (H), and coiled-coil domain (J) of BTN3 family members. Identity and divergence tables are

shown.





