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WE %% 3K & 8 (immunoglobulin, 1g)& ALK #IAL & By K 44 k3 4, BIESH EE KA 1gM. IgD. IgG.
[gEFfIgA. IgMZ R R AT = £ B g R Fuik, BT EA RRAMREIERE A, TlgA N 2 25 B8 % & W0 = ZEH /K.
IgM FIlgA# UL 2 RN A ELZHHE R ES . TR TARETEMERANH S, AHARET T IgM
FIgAB KNG R HREN, ABRBEL) FHENF ., SBREAEAURSREAEONEEERARET FH

WA RG7H G AR EXEGHA TR, U AR IgMAIgA % 5 ALl B9 2 47

KEEIA

Yo R [ (immunoglobulin, Ig)f A4 M 14 4
PR G ILOUH Sy IR E A R
5 IX A e T BRI, BN Z 4K (B cell re-
ceptor, BCR)HIZ /Lo 2H Tt (E1A); B4R o i %
A AR e e Bk E L B AT N ) 44 (anti-
body). 24k HE 4% (heavy chain, H)ZSR AN R, AAEHH
T BRI F AR AT, Al 2IgM. IgD. IgG.
IgEFIIgA.

IgMJ2 Ak Bt E ek Al o AR
AR B TG L B B — SR BuAA, AR R A
e B B R A% B ThAE. i b i TgM T B DL AL
BRI DB NBEE AL, H 2RI RHE
HIpRe B R H I B —, S5 T HARPUAR A B IgMil %
XHUFA B AR T, T2 R & 1 IgM)

IgM, IgA, RfE R, M0 WS, WA, R EBM o F

WA, 8RR LA 1 5 SR A 1 (avidity) 45 & DU
B, ZRMEEHI T IgMR A AMARIERE 1, 8
IgMif i 28 MAMARE @A R R )%, =, IgM
TR T A o i B R R R T 2 5 Fi %) 1gM L
R 102 B4 (light chain, L). 105 FHE M1 T5E
(joining chain, J-chain)}t[F41%, 7T EZ1N900 kD,
FTHE10NPURS AAL A (ENB). B A sEE, ¥
TR X (VL) FITAMEE X (CL). EFEAS 14T
X(VH). 44MHEE X (Cul-Cp2—-Cu3—-Cud). B4k, 1gM
HEE R R v L — B I8N EUE R 4L R B3
B (tailpiece, tp), {EIgM % JRARMZH HE i F2 rh  #4 E1 B2
Difie. VEE R IgMBUIA 2220 5y, fEIgM T SR 2 4%
FNFH LA 1 i AR TR I B A . (EWCH VREAEAE NS
LT, IgMI AT BLE —EF2 I BT RS SR AK.
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Bl 1 IgM-BCR. IgMIL MR, IgA Rk L IHBIEARER. A: [gM-BCREMRE R, HIgMERE. 28, Igafiigps il
PAZRE, RGO, B MO RR, L OMERSITAM, B O&FR S M B: gMTURAS R K, b S, B4
HIEET I LAGR . Ak Ry (R, B AR & R Cr IgA IS kR g I, L e, RRBEAIEE o bt
HE ARt BoR, 1B 250N HEE; D: plgRNFHIgA. IgMIIRA/E R EE

Figure 1 Schematic diagrams showing IgM-BCR, IgM pentamer, IgA dimer and the transcytosis. A: Schematic structure of IgM-BCR. The IgM
heavy chain, light chain, Iga and Igf are presented in green, light green, magenta and yellow. Red ellipses and orange lines severally represent ITAMs
and disulfide bonds. B: Schematic structure of IgM pentamer. The heavy chain, light chain and J chain are presented in green, light green and pink.
Orange lines represent disulfide bonds. C: Schematic structure of IgA dimer. The heavy chain, light chain and J chain are presented in purple, light
purple and pink. Orange lines represent disulfide bonds. D: Diagram of IgA and IgM transcytosis mediated by pIgR

TgASE RAE AR P AR B R I 22 A e e BR AR
B GE R 40P i B PUAN, NI B Ca
FH, DA gISIgATFIgA2BIRE AL, fEifiE, IgAl
Z11590%, 1gA2%)410%; {ERIERGH, 1gA1Z) &
40%, TgA22)560%". A IgA YR (1) & HE 5 B — 4
AJAS X R = AMEE X (Cal-Co2-Ca3) Bk, MAh, &5
G IR AR AR R — B el 1 8N R R R AL AL R
R Bitp, B S5IgMINtpE IR F A s RS, 5
[gA2HH L, IgA1 B A B HEEE X (hinge), A B T-77 58
YUl 454 A Bt (antigen-binding fragment, Fab)Fl1H] 45 i
F B (crystallizable fragment, Fe)i#f 7y, A THAT % H
MIThEE. TegAIMEEEX & F & Mo-Eap i, X
S B I AN I S B G RO (W g A B A
KL Tg A2 HE W A A Rl R R IgA2m1 FlIgA2m2, F

IgA2m27ECal X B AR — M EiA IN-E FbE B A Ar
AR ARG, gAML R AERZ B
FAEEIC). TEEAMY G TR IgMAIIgA £ BAR R ZH %, if
M FEANMERF 2. 2 R 0Bk E A 2K (poly-
meric immunoglobulin receptor, pIgR)fEME 1R 7 3455
TAHVEER) Z FKIgMEIgA s>+, il % L F FH (transcy-
tosis) ¥ H s BRI R . B )5 plgRA 2 F 7K A,
AR 8 XA FR N 43 WA 2H 77 (secretory  component,
SC), M151gMikIgALE A, & SCHRITHE M TgMElIgA %
FARED Ry oy i A IgM(secretory  IgM, SIgM)EiIgA(se-
cretory IgA, SIgA) (& 1D).

LA, AU A K IgMATIgA T4 BT T ) 12 A
NIBEFL, R 35 B & o B A K A DR IR 3
o, EJLEE, W R T R (cryo-electron  micro-
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scope, cryo-EM)Fi AR I RAE B R i i3t T 1gMAIgAAH
KR LT, R 11X 2 RO EskE AT
ZERIANTT . A SO THE IgM AT gAML . 52 44K
s R F 5 A B AR BAE .

1 IgMBZEH Y AR5

KT IgMZE K T 50 0] LB 3 2 20t 22 604X,
T BRI 9 S R 7 % R S A AR W 5% AN
B BEMIgMs 7, KMIgM 23w 1) L B
ARV it 25 5 M A D 2 BRI R, TgMEBRAN S5 Ry 3k
MIEEFIF RNRNT, S5MIERCH2. Cu3FICudsh s
KA B g &, FHRIICud—tpXitIgM £ RAR T
LA e E D ek, BRI HAR R B
BRI TG K HAE 2 T TgMAH < 1 45 14 A= 4 2 1
Ft. 20184F, MiyazakiiftfiZH ! ) 6 e vl 1 i — 4
SrREERARIR, IgM BRI 2BEEXAR I 1M B IR,
B —ANS0° LA BRI, %R IS 4 8 0RE 1 BT
R ESR AR RIREZEARE. it —0,
Sharp Al Gros @ 2H 13845 FIE 20 P R IgM-C1-C4b &
B R JEA 45 K38 7R TgM T SR AR RN /S SR AR Y SR /N EE
FRIR M & 2 AR, X AAE T IgM L R AR T 5N
MM BB IBERUR, B — AN 16001 2 B,
20204F 42, TgMI 45 K A W) 240 7E 300 N 590 3 3
R, — BRI TAEMZERIE TIgM-BCR. IgMZ B4k K¢
H 5 H B ARSUE (R AR, X S 7t 3 [F) 48
R T IgMARFETNREI R 2 WL, b BB X IgMITREAE
S SHEAN E B R

1.1 IgM-BCRZ5MIWFSE

IgM VAR 25 & [ F AR U EE R, 2 IgM-BCRI
DB STT, R REA BB A M R & o B A S
YEFINOL BCR HH 45 & 1A 4% Bk 8 14 (membrane-bound
immunoglobulin, mIg)flIga/IgB(CD79a/CD79b)J5 —
RRILFEHR(EA). Horb, mIgh TR & iR,
T gou/ TgfB I3 5 I 4 2 2 A% i B MR A 55 7 (intracel -
lular immunoreceptor tyrosine-based activation motif,
ITAM) B T i !, BCRIE I R 5 MR
G PR, B sBNEIE MG TE, (21K
YR B IZ AN, AT AR BTSRRI S SR A, I
DR SRt
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RAEBCRIGLLS FLAE 19904 5 L 2w e w2, |
LR 20 25 K AN ZH 285 WL A1) B 3000 3 A B s P22 2022
5, PHIMIR 2t — A PR AR 2R SR Tl K2 35 6
2 P ] R IE T A JRIgM-BCRE A 7K A
T BB g, [RIe i B AR A T 7 NIR
IgG-BCRINE Gk, Bfif5, M K¥Hao Wuilfd
HPNRIE T R IFIgM-BCRE SR MI45H). 45Ktk
B, JEigE & R IgM(membrane-bound IgM, mIgM)lga.
IgBLAL: L1k i = L 45 A (KI2A). IgM-BCRE A4
B 2H 2 B i A1 ) TgM-Cud S51go/1gB R Tg i 45 14 1 (1 g-
like domain), DA% I%E 42/ (connecting peptide, CP). #5
JEi(transmembrane, TM)BEJEL [/ . 78 HIAMX L,
mlgM B 5% (1] Cpd 45 138 5 1ga/ 1gB I B A MK & % & ;
TE 5 51X 38, mIgM PR 2% B84 S5 Tg o/ T B KT 2% 185 T i
JEZH R — B R R O, Wi 2 [R] I8 R AT R B K
AR AR BAE SRR e TR I X I, mIgM-FeK i 5
TMUZJiE 2 [8] ) CPid NIga/IgBIE i = s vh, itk — 20
Fa B IgM-BCRE ARG P2 JiF s iigM L £ R4k
FERAAE, MEREE T HIgM-BCRAU M F1gMI)
HIRAS, 50T H R 1go i Ight 45 My B IE T IgM-
CpdJ¥ % Bk, FLIRI 7 % B CRIP 0 10 1 8
FHBCRZ BRI, SR PR S A /- 56
BT PR AR BE S 2 B A, H
WENLHIE Rt — 27t S51gM-BCRH“E IF)R”
M HAERE AN, 1gG-BCRH 1gG-Cy3 45 Ky 3 i T 158
FICPRIN S51go/1gBMIght &5 3k AEAH HAE R, T
TRk AR B BARR S (E2B), XA RE2 51 /E
5SS ERMIRRZ —PL RS NS BRI
FImlIgM. IgafilgB T 1l —BUHEA 60%~70%, 1H 5
JRIgM-BCRIV £ 16 5 NJE R EARL, R BAS [F 45 1)
BCRAFAE S5 (s PEP, 3 S8 837 () A 3 )46
/N T BCRE GARMAZENH], 97 HBYHH B FE AL
LRI R E K BCRE AW Ja 272588 | B
SR BEA.

12 IgMZRIKSHTIE

20204F, ZAEHEEESE AN 17 3.4 ARIRS B NI
SIgM¥A VR HL 1 R B 45 1, BHGIgM-Fe(Fep) L R 44
0 X (Cu3—Cud—tp) JHE K /b4l 5rSC, HEAMTE
URAE JE - 7K 1375 WU 5% 281 Tg ML 5% A (1 2 A 28 2 7
X GEMR I, IgMRHAEXFR T SO R Rk,
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B 2 FAERBCRE &AL, A: NJRIgM-BCRE & AR LT 2B 45 /4 (PDB 1D: 7XQ8), H 22k Fepst 73 5l LAZE L1
RGO TR, IgoMIgh s il AL A B 0 8K B: AJRIgG-BCRE & 874 R LT 244 45 #(PDB ID: 7WSO0), Hrf 24 Feyl

73 ABE G R € R

Figure 2 The structures of the two BCR complex isotypes. A: The cryo-EM structure of human IgM-BCR complex (PDB ID: 7XQ8). The two Fcpu
chains are depicted in green and light green, while Iga and IgB are shown in magenta and yellow, respectively. B: The cryo-EM structure of human
IgG-BCR complex (PDB ID: 7WSO). The two Fcy chains are depicted in blue and light blue

A TgM LA $2 HE I T 58 52 18 75 35560 Bk i DU HE 21 B A —
ARSI, $O A2 961°(E3A), S5 Sharpif
R FRRIE 7 435 SRARALTS), At Bk 5 AR X TgM S B
IR AR EER N, ERERAIEER, HEAN
TgM FAA AT LA R 25 5 M 45 & fE B T AL, AT T %,
IgM/S AR, G50 0 BT RIgMPICp3. Cudflltpih 2
H5RRMEMAL, HA1gMAR R Ftphs T 451 it
L, PR E IgM TR R i F B I/ER 1. — 7T,
AT p BN E S — AN FERR(575Cys) 2 [ TE Bk — i
B, RIgMTURMIE R SE %A 55— TJ71H, 10%tp
R 2H B2 FAT (1 B-sheet, 38 i3 25085 (16 /K AH HAF
BB T, SRk, AR AN IgM AR ) Cu3-
414Cys2 (BB s, Cu4-FGHIRIX(FG loop)HH
HAEH, SR R, IgMBICu2 X 5 H 1
RS, HMARREEEREWEN, nizXiRE
HRKRMREN, 5RIFE LS8, T8
SR A JRE () <3 5 R 45 R SELAD T TgM T SR AR 1R 5k 1 Ak
SRR Ot S En, RN 1gM
O3 XA BT P IR T IgMAS BARIITE %, IE 33
IgM LRI FRIE. 20214E, Matsumoto i fiZH 1

T8 T AL R B

PUAR I FabFIFe X 38 an i) AH B FE R R 38 2h
A, — B LUK AT A f 28 2 AU G 1) EE B} 2 vl . i
W A K BRI & 2 HER AR B T B2 X — 1), 48
LA T RIREA 1 = B MR 4 A S A s R EK
ik, IgMIRZ . wEIRE 7 45 BARoR, ARGt
JFARZAS R, IgMIfFabfi T Fefl i i) T 3 AR A% 0 1
e N RIEEEM, M4 & PG, FabifRICu2IX
W N, SFc P SRZI100°% M, el 14
K5 12151 20224, Rosenthal i & 2H PO F Bp Eki v 15
L AN AT e N TR 4 K IgM&E M, B A R0 % I
JEE . Cu3—Cpd—tp Je—ANCp2&5 Hpk Mg ok, H
F LS IR IgMAZ 0 X S 1078 TR R —
;AN ZAE R HRRIgMIFICu2 FICu3 4t Myt 2 [l 17
TE—NIhie FAREE X, MR Fab-Cp2m] LIAE A
BARE S RN B (K3B). REZW ALK
IgM, {EAZ X BLAMUA — AN gM AR IR Cp2 45 6 3k mT
DAME EEAL, RIS IgM BRI Cp2 45 i3 B A H
RIGME.

IgMAZ2 L b 2 bk, Sl ErE 16 a0s
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B 3 IgMZREEK. A: NRIgME R AL G BT BB H(PDB ID: 6KXS), HHFeul. Fep3MFeus LSRR, Feu2 Ml
Fepd ULR SR (L SR, THELIUR C SR, MR e A SOS Se 85K rh G €07 30— B0 B: NRA KIgMIU R AR R HL 7 R B 4
¥J(PDB ID: SADY. S8ADZ. 8AEQ. SAE2. 8AE3), H:rFFab yS M ARIRIMI R I ZNN; C: T faIgMIU RAAA I s T BB 454
(PDB ID: 8GHZ), H i tFepl fltFep3 LAGR (1 R oR, tFep2 fltFepd DL S (5 i ow

Figure 3 The structures of IgM polymers. A: The cryo-EM structure of human IgM pentamer (PDB ID: 6KXS). Fcul, Feu3 and Fep$ are shown in
green, while Fcu2 and Fcp4 are shown in light green. J chain is shown in pink. This color scheme is consistent throughout the article. B: The cryo-EM
structure of the full-length human IgM pentamer (PDB IDs: 8ADY, 8ADZ, 8AE0, 8AE2, 8AE3), with the Fab showing an overlay of five different
conformations. C: The cryo-EM structure of teleost IgM pentamer (PDB ID: 8GHZ). tFcul and tFcp3 are shown in green, while tFep2 and tFep4 are

shown in light green

HeZ W, AEAS R A IgM B R RS A 58 448
FIM OSBRI/ B4 Y (R TgM 5 T DA 7 T I T R A
TERIFAE, ANEA D BRGNS RARE 2, i
BB R ORARBRARIBESE R, I H I IgM DIMURR (1)
VYRR RAEAER?. 20234F, Stadtmuellerif @4 P4
B 12.8 ARHEE filgM(teleost IgM, tIgM)AZ 0 X A%
WL AR 454, 7 1 AN EE (1 TgMIY 28 (A 20 4%
JiARPNE3C). tigM IR Fe-FeAl HAEF MtpHfi &
T2 B4k, (HFcMitp - 77 25 NI IgMAH LA
EFEFE. B, UgMIEECE SR DY SRR, HoGh Bk
HHItp AT 5 88, AN ETEE; 25—, tIgMAIAHARFelf] B A
BRI K A1 (80°~85°), AT ANIEAG 7S F XS BRI 56
=, NJEIgM-tpid ik &5 A7 Fe X % A = 17747 11 8-
sheet, TtIgM-tp K FH 28 XK T 1 A~ 22 4 A7 1 B-
sheet, H B-sheetfHt H P S A f) opto I o 5 e 101 i 1,
JE H AT ANE R A R H 277 AR IgMAE DR BT
FhzE S, AHZWF I AATRER T ASFE R R IgMIF) 2
FEPE, IR IgMES A IR LA B2 A 13 LA
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1.3 IgM5Z RS MIFSE

FoSZ ik N Ry R — KRB B2 AR, g 2
G AREERE A IR X, 75 RS RO ER.
ANFE B S BRE A 25A A FRIFCZAR, Rtk gl KA
[F) BT U A A S e e . A AR AR AE =P IgM
(IFeSZAK, 45l &plgR. FeuRAIFcopR, =7 T4
EARIE— X3k, IF BAES R EHA D pIgR
FEIGAMITgMIRUSEAR, T TR A TEE I TgA M TgMEL
e BRI, B 5 pIgRMIMLSMESCH VI T KIF 5
IgAFIIgM AL [F] 7334, T SIgARISIgME. SCHIS M ght:
£ERII(D1-D2-D3-D4-D5) 4k, 1l S ik 45 4 8 7
SCTERGEATMRE T 2B MR, BAATIRE
AT —NEE=AT, F5TRMIgMAID 145 #4333 K
F =M AP MESIgME ARG, SCRA T
JIZIR R A, TRAL— DN EM =M, BEHLSET
Fep-JTJE -~ I (El4A). IR T SCEILET
R, D153 K34 B AR E [X (complementarity-de-
termining region, CDR)FEHR X (CDR-like loop)f5 LA
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\ P / Gl

Bl 4 IgMEZAENE AL, A NIRSIgM TR AR f T BB 45 #4(PDB ID: 6KXS), HH'SCLLI 4 27R; B: B FcpuR-
D1 5IgM-BCRE S4B =4z () a5 M p Y A 2 38 1 FepR-D1-Fep-Cpd 2 &Y ik 45 #y(PDB ID: 7YTE)& 2| IgM-
BCR(PDB ID: 7XQ8) FA:zhl, 24k Fepdf LAAR AR :WE IR, Iga. IgBMFcuR-DIZ A AA 1, SREMEEER, K
53 7R T FopR N stalk X 38, 2518 X AR IR AL E S C: A2 08 EE o4 11 FepR S 1gM & & 178 R B 1 B U 45 74 (PDB
ID: 7YTD), 14N FepR-D1753 il EAAS R 28 (000 (0 2R, IFFRIC WR1~R4; D: FepR 5 SIgME &8V 15 HL 7 2 B 45
#J(PDB ID: 7YSG), H A 44 FepR-D143 BlARic AR 1'~R4’

Figure 4 The structures of IgM in complex with receptors. A: The cryo-EM structure of human SIgM pentamer (PDB ID: 6KXS) with SC shown in
yellow. B: The structural model generated by superimposing two FcuR-D1 and IgM-BCR complex. This model was created by aligning the crystal
structure of FcuR-D1-Feu-Cu4 complex (PDB ID: 7YTE) with the [gM-BCR (PDB ID: 7XQ8). In the model, two Fcp chains are shown in green
surfaces. Igo, IgB and FcuR-D1 are depicted in magenta, yellow and purple, respectively, while the grey parts represent the stalk region,
transmembrane region of FcuR and bilayer membrane. C: The cryo-EM structure of four human FcpuR bound to IgM (PDB ID: 7YTD). Four FeuR-D1
are shown in different shades of purple or pink, labelled as R1 to R4. D: The cryo-EM structure of SIgM in complex with FcuR (PDB ID: 7YSG), and
four FcuR-D1 are labelled as R1’ to R4’
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FEE, NSIgMr=EHAE. [EEERNE, 24K
TIEE M ERERIREE) 225 T SCHIgM AL R AR 1)
FHEAEH, HUCARRE T A4 RA I8 IgM A BE
WpIgR IR I -1 iz 28 b 2 1 12527,

FeuR & I L3040 v ok — (R TgMUAE 57 4 52 4 1738,
FEAFAETBANN . THHM S AR G R . FeuR
LS AFREARMIgMEE &, AFEBCR 14 A 7Y
IgMELAA 43U RIS o I TgM L R AR RIS B4R, DL
FHIE R T A5 /W 4 5 1 SIgM, T2 51 B4
KRB B 52 AP 556 4% B 2 G e i 0400,
FepRJ&E T IR it 1, MM AL & — AN ghf 45 F 4k
(D145 AE338) Je — B v 55 A AR 1R P E T 7 X (stalk X
1), 7 IR 7T C4 K BLFcpRIE D1 45 #)35 5 1gMAH |,
YEF, Tistalk X 3 (I ThBE SR A AN, 3, 2= 2%
NR G TE T FepRW AN AT RIgMERAIMLE], K
BUFcuR PA2: 14k 221 & L 5 s sRgM &S &, i L

SEIBCRH IgM 4k HTga/IgB 4 & (K4B), #n
FeuR 7] LAt — 25 51gM-BCRIE il B &K K TIRE, S5
BRI gt BB ML T, IgMIL SRR AT LU
FEANFepuR 7> F-1E [Al— M2 & (E4C), stalkX 7] ge it —
WA FANFepR oy F 2 RIMAH BEAER, Mk 3L =
B 45 & T IgMAB SRR TR — M. SZRREE & —FE I
PIEESHIT N, 1ZE PR gM R A4 nT gead i
75 FFeuR VU RAR T AL 8 e (5 5. Xt FHEw A
SCHISIgM, FepR 444 A AL s H S5 F 7 i sy IR 1AL
HEWSCHT i85, BEEF, 47FcuR Fee4ss
SIgMI¥ 55 #h—MI(El4D), T5WbiEIT T 5SCIIAL &
52141 Rosenthal i 411 & % 1 fAT1 9% FFeuR R 5
IgMIFI G IR T8 3, 1% TARFIRE AT T IgM LR AR
FeuR IR A ARLER), F5 H TgM T A4 1 1 8 ] 54>
HiF 4ANFepR o> 45600 5. BB #r iR, 4 FepuR
ZARGE S TIgMG 2 5] EEIgM P & B R MM i, 5
AN G5 A A e i) s R R B, AT ASFI T4
AMEIFcuR &S &1 (B AE S AE PRSI, IgM AL R AR 4
] 25 A5 Fo R AT S0 T Ui 40 28 T RE AT 94 75 BEBE IR N
MIRE.

1.4 IgM5CDSLIZE MRS

ZKCD5Hi R 7 T(CD5 antigen-like, CDSL)/&— il
B BRI R M I B, 8 TR IE R 2 ARt
Z IR E £ XK % (Scavenger Receptor Cysteine-Rich
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superfamily, SRCR), tHH#FRASpasl w4 i T4
#1571 (Apoptosis inhibitor of macrophage, AIM)“**,
CDSLEA Z AL ThRE, BERTVE BRI 32 4K (pat-
tern recognition receptor)iR il 22 P A4 P 1A
TG, SCREAM N AR A0 . TN S0 . LAk,
CDSLIEZ 5L Bl bk ok B A Ak 55 50 9 14 5 22 ik
PR R 5 F AL CDSLER [ 52 3 PEAC R EERE /N B
FETZZ, $RINCDSLAI B8RO IR IT I TIE f 7 LR Y)
J70Y, X ST AT W CDSLAE S B Fa S s &
iy A EEAEA.

TESGHTBIBEFEH, WE TR A1 S e AE N AK LS IgM
ORI TIBEZ AN S —MEH, JaREEEN
CDSL™ . 20234F, Heck A2 R F % 0 i R
UESECDSLAZE NJEIE A IgM AL iR 4. i, T &0
2 NDRGE T CDSL 5 IgM L R R 5 S WA R BT
L (5), HBTFURIICDSL S IgM TR 1
LELWHTCa>, HrPCDSLA B 5 8E M A M EARH,
Al CDSL 5 1gM-FeZ [ % 1 — i, #—Pfae
TIgM-CDSLE &), A, WFFEKIMCDSLAE B
WP 1IgM5plgRIILE &, (HAF M FeuR 145 & 8ilgM
- FHAMEBE, SZarie s R0, @l
5 1gM SplgR A ELAEF, CDSLFT AL M IgM ) 2 ik
g R, TS EUgMAE M i B . 2t Fidt—28
I T AATR IgMCEL i, JF7R T TEER BT D fe.

L5 IgM530 FAE H ST

IgMAFHURIR PR QL B 2R E E ) /EH, FTE
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Figure 5 The cryo-EM structure of human IgM pentamer in complex with CD5L (PDB ID: 8WYR). CD5L and Ca®" are shown in light purple and

yellow, respectively
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Figure 6 The structures of IgM in complex with P. falciparum proteins. A-D: The cryo-EM structures of human IgM pentamer in complex with P.
falciparum VAR2CSA (PDB ID: 7YOH), TM284VAR1 (PDB ID: 7Y0J), DBLMSP (PDB ID: 7Y09) and DBLMSP2 (PDB ID: 7YG2). VAR2CSA,
TM284VAR1, DBLMSP and DBLMSP2 are depicted in purple, magenta, orange and yellow, respectively. E: The cryo-EM structure of two
VAR2CSA bound to IgM (PDB ID: 8GZN). Two VAR2CSA are shown in purple and grey, and labelled as VAR2CSA-1 and VAR2CSA-2,

respectively
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Figure 7 The structures of IgA polymers and in complex with receptors. A: The cryo-EM structure of the human SIgA1 dimer (PDB ID: 6LX3). The
Fcal, Fca2, J-chain and SC are shown in purple, light purple, pink and yellow, respectively. This color scheme is consistent throughout the article. B:
The cryo-EM structure of the human SIgA2m?2 tetramer (PDB ID: 6UES) is presented in the same view as the right panel in (A), with Fcal to Fco4
shown in different shades of purple or pink. C: The cryo-EM structure of the human SIgA2m?2 pentamer (PDB ID: 6UEA), with Fcal to FcaS shown
in different shades of purple or pink. D: The cryo-EM structure of human SIgA1 in complex with human FcoRI (PDB ID: 8SKU). FcoRI is shown in

light blue
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Figure 8 The structures of IgA in complex with pathogen proteins. A: The cryo-EM structure of human IgA1 in complex with S. pneumoniae 1gA1P
(PDB ID: 6XJA). The IgA1-Fab heavy chain (VH-Cal) in plum, the light chain (VL-CL) in light purple, and IgA1-Fc (Ca2—-Co3) in purple and blue.
The hinge region of IgAl, as indicated by the arrow, is highlighted in orange. IgA1P is represented in light yellow, and the green star represents the
active site of IgA1P. MD represents IgA1P middle domain. B: The cryo-EM structure of human SIgA1 in complex with S. pyogenes M4 (PDB 1D:
8SKV) is shown with M4 in yellow green. C: The cryo-EM structure of human SIgA1 in complex with S. pneumoniae SpsA (PDB ID: 6LXW). SpsA
is depicted in bright blue. The D3-D4 domains of SC binding to SpsA are highlighted in yellow, while other domains are shown in grey
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Immunoglobulins (Igs) play a vital role in the immune system and are categorized into five major classes: IgM, IgD, 1gG, IgE, and
IgA. IgM is the first antibody produced in response to pathogen invasion, while IgA is predominantly found on mucosal surfaces.
Both IgM and IgA are critical for immune defense in their polymeric forms; however, the mechanisms underlying their assembly and
functionality remain poorly understood. Recent advancements in cryo-electron microscopy have enabled the determination of high-
resolution structures of both IgM and IgA, providing new insights into their assembly processes, receptor binding characteristics, and
molecular interactions with pathogen proteins. These discoveries enhance our understanding of the complex roles these antibodies
play in immune responses.
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