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3D structure modeling of phycobilisome rod linker CpcC2
with AlphaFold2

Hiroto KIKUCHI", Shougo NUMAQ? Moe FUNATO?

Abstract

Phycobilisomes are supramolecular light-harvesting complexes found in
cyanobacteria and red algae. A detailed understanding of their highly efficient
light energy transfer requires knowledge of the three-dimensional (3D)
structure of the linker proteins that form the phycobilisome rods. In the 3D
structural data of the cyanobacterium Synechocystis sp. PCC 6803 (PDB ID:
7SC8), where the complete phycobilisome structure has been determined, the
linker protein CpcC2 is missing several amino acids. To address this, we used
AlphaFold2 to model the full 3D structure of CpcCZ, ensuring that it is
available for future research. Additionally, we briefly discuss the structural

properties of its two domains.
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1. Introductio

7 4 32 ¥1) v — L (Phycobilisome, PBS) (&, KADEEZ % EWEH»IF TE
D EF7T 27 )7 (BELESV)) RALEOF 7 a4 FEOMALE A
T 2 EMBSFEE68T, 2oREMZIIE, FMH#EIK (hemidiscoidal £)
"L TWwb, ZOHLERGIE, THIA I T e A—=8 Y7 BHIS
WA a7 (core) ] EMHENE 3OOV V¥ —R% LES THEHE IR, #
OME»S 7423 T e ) rh—F N2 EPSA Ty F (rod) ] LI
EN26o0) » ¥ —JEKE LA HELTwE (MR, 743¥7
ZyRTUTLAYT IR, 74T 8 Y EEN SR BRI
THRAE (BF) PHEELTWE, INSOFRBEIITHEEEIINT 5 BT
HAZIREEIZ 22 B A, FOBRENTHI Lid kv, BEEIZ L > THRINE NG
DI AN F =, i 5 2O AV F —BEFEEIC X > TRATIICH 5 KIS
FLECBEIL, (b —L UCHF s B2 05608 1 getm F oSk
PRI, LIS T ORMAMREE I L 2ETFREBICERL, $£2105%80H

Prycooyanin (PC] imer stnsctun ﬁfﬂtﬂl Linker protein befwasn rod and cong
Prycocyanin [P} hamxames snacium ﬁf_"ﬂ:l LLinkr prodein batwesn Heaxsme |
aea] Macamar 1]

D Amphyoocyanin (APG) trmer structuns ", CpoC2: Linkir peoteis batwesn Hasamar ||
| Linker prodein beswoen md and pom " and Hemmmes (1. Somes delebons
& & Linkst prolein Dotwin e hicamens

s ol in "PDE 1D TECE,

[RnO-Capeping Briser proksn

X1 HEH#Ef) 7 7 1+ 2 €1) ¥ — 2 (Phycobilisome (PBS)) O#EEIX. PS IT 1%
RN BEIGH.OERERT, 270S, S’, ROTIE, a7%2EET 2
DU —Fe ATOVY) Y —IE, KEED) DEICEEI N TV S,
Hexamer I, Hexamer II, Hexamer II 1%, FH& DT 5 720121 7244 FRo

IZEWHEIZS T, I, NI & HFFESo>Tnb,
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BT bl TS, BH7a b AL T b ik EoBES T ERO®R
WAL BN ERELERE R, H3L LT, BEFBMAOERNEREIC

Lo TRBHAOMNEIMESNLEENERL 2D, ZLOD2D1F, KELErH
L INF— % EET L7720 DOKEORNEREEZREL TCWIERTH S,
EIFHEILEL, F2HFH THRT LZWPEEFEZ L DRI ERTH
o IOFRRET DL, BRI ANVT-BELWIRELZEZ 2L &, $£3%FH
FERIEO T AN F BB F EH T 5 72912 PBS WO E O 5t M o0 &1 IR
FIHHRICTHEST L HEE R L TWAEIZTTH S (PBS Tld I AV F =5
95% L DD HH ) ZD X )T, BT X > TEY SN PBS I,
INRITHOEWRELZT V7, Fa—F—, RULIVF(EEEBETH D,
Z OWEORAHBIZEMN 2 MBOA L ST, ZY -4 F 77 /0y —
DTFy v T r—0 "2 ANTHAEROBEREDT 7 /0 Y —DFRBIZEN
550TLH 5,

PBS @ 3kIeH X, 198048 H 5 X M M IC L > THL SN TE
72705, IMOEIE 7 4 3> T =R Tu 74372 O3RICHEEICEES LT
W7o 794 ETFHEMBEOEIRIZLY, 202043 H IZALE Porphyridium
purpureum @ PBS £ 3IRICHEENHH SN0 %KY ) 12, DRI THEITIZS
DO PBS 45 3 RTCHERE AR & g7z e 18 115

X 21%, M. A. Dominguez-Martin et al. 12X o THHAINZ T I NI 57T
Synechocystis sp. PCC 6803 D 3k TLHEE T — 4 " 2 H\wT, PBS®OT v FO
IVFHLWIKRITHEDHPD 720 12Hi\ 725 DTH 5, PBS M L TV56
oouy Fid, 37 EOERESERVT, ETRUL3IKTHEEZ LT,
Oy RiX, 28071372 (e 722y be YTy b EITR
TWw3) 2420) =5 328 (UtkY v =Ll d %) oMl sh
TWwh, M2 (@) 1X, 71433720072y b Ty S
L7280k (e TR/ v — LIFENT WD) HIMoNFMEE b o3 m4k%
WL TV AT Z2RLZLDTHLH, ZD3wKiE, PBS AV TTW5S 1
DOEAREERALL B 5TV D,

BEH 74 a7 /8) Vi, a7 2=y PTEERLFHOI AT A ¥
(CYS) ¢ F AT —TIUHEAEE LT Ta 2L EN TS, F72, 712y
FCIE, a7 =v b ERFRICESFHD CYS & F A —T VR EZ LT
52 EIIMAT, b)) =20z T Yy FOMEICHFET 248153FHD
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K2 PBSOT Y FOLYFLWIRITHEE, (2 71 227 = D3 hik
(cartoons /R ) & FEtH (spacefill 7R )o HA a7 L=y b TSI
T2y bo MZBOEHGIZ) VI —=DHFHEL TS, (b) BOHTHL T 1
2T 7 ) rofEER. (¢) 71 237 =06 EERERE (cartoons FR ) o
a7 =y bCTRPBHTL=v b (d) £l3E Y FIZHB4O0D)
> 71— (cartoons F/R )o FHIZST 7 &4k L, M2 PBS OFMANZHLE X
N5, HoOE, EROKIZT7 43> 7= 38k% a7l s 32400
L72% @, Hexamer 1 & Hexamer II & R X TH&AT 720 a2 7 3EAKDS
cartoons FR THIPNTW A, FELWHAIZ, AL EZMRE,

CYSE,EFFI—FUREEELTWE, INHIE, #NEFNR, F82KIF 153
FENTWD, H2 (b) I2BWT, a7+ a7 /) volEsifirn
TWh, 42O — VBIZCYS AL TWE NS, AVY T, BY Y7,
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CUYZ7, RUDY 7 EFENTWAD, ERINEEZ RO 2D KERKHTF
X, 420U — VB EZOMOEE TIEONLEAXBORE_EHERORE
ETHb, K2 (b) IIRT LI, 71327 /) rofEX BRIz
WZBWTIE, CY Y IZogFRFETFII7Ta b bl Twiv, LAaL, 1997412
HFEHD—NTHAHKikuchi 12X ->T, CVU 7 ORERTL, L ICHEET S
ASP IS ECTCTa b L L TWA Z O CHERFIEZH L TTFll S
72U, 72, O ASPHIBEORS EOREEN T 43T T = YHT/AE
EZLNTWAEZ LD, REREFETICL > THOMICEN, 7o b Lo
FEILHFGLTwa I Epdmansz 8, gmEo 7o b ik, ZFomon
FeC LR s N 1N RB PWar g L b L ZAPENT WD, BhaAID, B
HOBESXIETE— A Y MEIZAVF—BENZ L > CTEELRSSH2H ) WiE
ThHb,
HEAREERTHL3BER AL R T &, 2o LEE FTHITRMEN 2
MRS IE R D, EBICIIRZ2 2 REHELY LT, TO3=AETPBS i
HATHEE, FHETHIEL TXEHIIESN LRV, L FH, /2T
e THAELCEAEREEL, AL, 3BAO LUk LToEMAEEMED
PBS M L T\ %, PBSIZ—HER SN/ ThH, JCOREDIV/N S WEREET
Ty FARL o720, HICHOBENRKREVERETTE Y FPEL o7
N3 %, T2, KOWESAHOBUHIELT, 7437 /Yy Tidki <,
R EHEREE L6 RESKEE LTS s “2%, 2ok
RERTIE, SEAEHEM TR, LFeREBEMTRIEL TV, K2 (o) 11,
6EAREZPHNLHHNTLDTH 5L,

a7 HMEIFIEL LD, Oy FEPLIEBERZEAREE LTHIZLLTWS,
HBL, 743 7=20TlE>%RL, 7O 74 a> 7= eENL 5 V2 ED3
BEDPOHELEEIN TS, 7O 74T 0D3RTHEEL, 713372
DEFNEIFIZFALETHY, FhEVIE, Y72y FOREH B 1537 E
T8 =V AN %mL, fHoTpI T2y NABBHID LT THHI &
Thbo BAREDIEAONMICIE, HOFEINE 25 LM% RHIE %
Vo INELCDORIANF—FRNL L) ET2EE, BEHAOENEL VTR
AR THLA, By FOB1531E LN L ONERINTE S &) IZHELDEFR
THELZLDOTHD LM NS,

Kikuchi 1X, 3EADRIZBVT, FHAOBERNAEEOEE % 2 T B 153
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DI 2 R FHE L 728 2 A, B 153 AN E P Dk 0 558 T RIE I S0k R
VIMTAIEERRMLEZ Y, 0%, a 825 B 82 DML & WL
FEOY — 7 BHENBE 572012, 72 VA Y —ORA B¥ 2z p L F—
BEIZRITIENTEY, BIS3ITWINLAET AV F—IZERIZZ>TL
F9, LAHL, 68EKZHES>TVE L) —203BEFELERN R HEY EE
T2&, KOEECEHEEY 7 VS 2RMEREVEL T, B 153 DaM I
7a82% 82L& NV ETHOWEEOWELEEZ L2 Eabhorz ¥, oM
T ERE R E, PBS 256 BMAEEML T, TO6RAHMTHRIEL TWL L &
gL Twao

M2 (d) OFEENZ, By FEHEEL TV IREDOTZEES 2 D 5 X 9 I2HKF
FELTWD) =% dbDOThHb, ) A —134D2DHEP L TN T
XTI PBS LA TH Y, LML PBS OFMIATIITH L, I 7AW
J7 55, CpcGl, CpcCl, CpcC2, CpcD L& fFiFrsnTwb, LN O BK,
BL, BM, BN &, &HEF— ¥/ 712883 Twb PDB ID: 7SC8IZiE &
NTWBHEHTH D, M2 (d) BHLZ, 420 > H—I2, a7Ml»S5HA T3
OO3EEEMNMLT, ZOFERLEZLDTH b,

KFFET —~ DK E % HEEL, PBS ORI L e OMOBRE ZL
25, PBS DT v RHNIZHIT AT 2 )L ¥ — BB~ FR00 R+ 5 2
ETHDH, INFTRLTCELZENSDLD2LEY, SEWIPUFE & i v
F—RBEIL, BOFOBFRESHFRZICHERL L, $72, BOAFOEF
KX, ZORBOBKMBRECHEINTVWLOT, HEOESNREZ
L2 L CHREAOETRELER LVLEND S,

PBSoOy FICBLT, Vyh—%FEET 7133720 3mAEHVIT6=
K72 %% 25 &, PBS a7 Hl&ZD ot (PBS O4MVHD & o5tk X5
FeEld v, )iy, TN EXHIL, #EVEL5Z, a7 NOILFK N F—
BESRELZIEYV L TWEDIE, V- 0ndH T ilnb, M2 (a) 585
BRI, TOU rAh—rLHEElEL, MWEEEZITTWI0E, B 82
Thbo HoT, Voh—LtB82LODHMOMESERICIZ, FICEXZ BT
REBITTELEND L, ZORIZBWT, Oy FIZBWTRLEKWETHHE
IANVE—IRETH S L 8272712 L Tid, BRICHREIE &0 eEBm,» 55
PIZENR TV B3,

&£ Z AT, M. A. Dominguez-Martin et al. |2& > TR ENT T /N7 F
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)7 Synechocystis sp. PCC 68031 v KD 3wty — % (PDB ID: 7SC8)
DY A — CpcC2i2iE, NEKMDAF A=, FILFH,LEI84FHD 7
VEI Y, Ty, TANGF Y E233FEENPLE2FHO TR v T
V3 r, ThAF=r (LU METL, GLN182, GLY183, ASN184, PRO233,
GLY234, ARG235 LELili§ %) AR LTW5H, K312, H12FHN L 184
FHOKIEER S & 55233 % H 2 5 4 235 % H O KIEH 5 % TR L 72

|2 in AR chain

3.1 >~ 51— CpcC2 (Cartoons F7R) DKABE > OALE & 56 H (Licorice #7R%)
DO, MDA, NGO MET b KIBLCTWwb, i Tws 120
B 825D H B, Hl6-D7A Hexamer 1112, Tl 6272 Hexamer II {2
FHEL TS,

E182FH D L 184 FH O KIBI T OBEAI TH HE 15 FHH S 4181 F H
FTOT I EBEN, AJBOKRELRE N L8205 6A LINICH S I LA,
R DMEMETEI L o THSL 2L o7z (BA LINIZIX, 2RS0T 3
BEHT LD D) T2, R, E233FH 255 235%F H O RKIBH G ELD
T X EREREOBEA, AR BOKEEZENT B 8205 6A LINIZH B Z LAV
L7 b, AJSER O AR S5 D% FR1E, 7SC8 (PDB @ ID) @7 7 A )L T
HENRTVBEHETH b KEEFZMT25EGHD 5 6A(KELZMH T TV
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WEEEIA S 13 6A D EOIEEE E®RT 2) LNICH 5 ET2 5 OER % 8
ik, BEFAOETRECEELS 2252 LBEOHE 7 1o bho T
LDT, REEIFIPEOFOETIREIHEL2 5 2, T A NVF—BEIOHREIC
{75 OS5 % LTWA RT3 H 5,

ZITERMIXTE, KT —~ORELHEZHETZ2OD1IDODAT v
7L LT, M. A. Dominguez-Martin et al. |Z& > CHHINZS T /N7 F) 7
Synechocystis sp. PCC 68030 H v FOFZRERE L, Y ¥4 — CpcC2 D 3WIT
W% % AlphaFold2 " 2FIH L CTEF) ¥ 74 5, KXo RDOT— ¥ 13,
EECEONTT— 5 ORBIG M, BEOHZERTHHT20L %5,

2. Data and Method

3R ICHE & 7 — % (PDB ID: 7SC8) @ 7 — % % Jil\» 725 Google Colaboratory
FTHEIET S, ColabFold v15.5: AlphaFold2 using MMsegs2 ©% %3435 % F H
LT, CpcC2D7 3/ BELHI A5 % D3RI 2 Tl L 72,

3. Results

AlphaFold2 # FIl§ 2 Br 0 — Mg 2 0708, 4 X0 Eo 7 3 7 BRIEEY) (7
I EHEER) # AT 5720 THD, RifsETd, CpeC20 273D 7 3/
BRI 2 AT L, BtEMAERE L C3WMITHEDO TR OZ LD rank JIHIZ 20
D 3R TeHETE % 5720 Z DOHTE N rank IEIZ 1018 %, Kabsch @) ¥ T
7SC8 DJEFE Iz E s b, RMSD (Root Mean Square Displacement: 35 2 3
TAL) D% RKDTze TORRERIIIRT, 5H8HIL, TSC8DT IV 7 7 jr KM
& ZFUZHIE L 72 AlphaFold2 DF 0 7 v 7 7 i FEEETiTh 7z (RIEH
SRFETEICRE S LT v,

Rank 1 2; 3 4 5 6 7 8 9 10

RMSD | 0.587 | 0.594 | 0.881 | 0.883 | 0.627 | 0.873 | 0.873 | 0.877 | 6.301 | 6.946

#1: AlphaFold2 O#E%d rank & @ RMSD O fili, RIBEB T EHE IC M X
TV,
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Z DR rank 155 rank 8 ¥ TD RMSD OfEIZIEFIT/NS W &b,
SRICHEE D EBHE R L ITIT—H L TWAZ L2 ERLTWA, I, rank 1 &
rank 213KEBRETOLEROENT LA %V, rank 9 LLIEIX, &2 RSMD @
EPRKEL B ol KX DOKROT—51%, TSCEORIBT— % 2T 5%
FDd %o o> T, RMSD DEAVNES WAL 8 DT — & 25, SHOWZIZH
AT BERHEND T &R b,

W2, AlphaFold2 D #ERP S/ SN LEERF 7 7 4 4 >~ (Multiple
Sequence Alignment, MSA) O£ %R,

4 DA% 3 5, LD backbone I Ti, HE2HFENLEISIFHDOT I
JWBEFBT, HISBPLE2IIFHOT I VHEEHELBTHVTWS, KED
777 OREMET IV BEHA Ty 2 AL oTWT, TOMTHILE K
5500 DMEMREHI AR O N/ Z L ABKR L T b, fllE, 73/ BOMKRER
BTHbo BOENTHHFHINEG 412 LT, MWBOBERI LD X TH AN T
Wb —REIHE O EEIATINEIT IR E s ) BANCBL T W B ELY T, TER
AT I3 &7 T EH E BT R WERFIC R > Twb, HL B> TnT
ABEABIPNTVRVEIIZRZDEIAHIE, 7 ) BEHOZFENEL v
T, 5020 FLEHDB VI THDLEEZ TRV, T, BETRSN
TWbOUE, FERINIBI AEFHEZE (coverage) ¥R L T b, FE20%F

B 0 It e Fre

X4. 1 > % — CpcC2D
Backbone 7o

N\
i

Ry 7 7442 (MSA). Hifllix, CpeC2m
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HA 58170 % BALIE, 5500 DEHFATIONE { OMERSIAFAEL T 5
EARBHRL TV, KIS, HETHRIS N ZEHHEL, #FLLBERLT
W, BIdRPoHFERHINTHT, ZO/IE “Sequence identity to query”
(ZZTRUBSIEEMT D) 2R L TWD GRPELSHFEIB V). T 9HtE
TERA 5 500 M IZFRFEF 055 5 145721028 SI=0 ~ 01 & 7o T\ b,
WAZHEFR D 500 ~ 3700 DX & SI=0.1 ~ 0.3, D fE 3800 ~ 4200 D X [ 1
51=0.3 ~ 04, #4200 ~ 5000 D X[H i+ SI=04 ~ 0.5, #OfE5000 LL DX
M2 SI> 05 &> T b,

CHImA 520 H X TOBRINICHET bifkime S TIIMRETHZ &I2¥ 5L,
) v 71— CpcC2id, 200 RL ZMWHEXFOEWANOLEY Lo Tndb LER D
CENTED, FIFEHPLEISAFEHDIDDT I VAR L TW7z7s,
TEZOHY #B LT, WEPGPNTWE I Ebrs (R4GHIZT 2
MERTOHEISIFHEFTEHFOTRL, BIBHFEHUZEZH LB TRLE), C
D25 72RT#E 1L, pfam00427 N A A ¥, %13 pfam01383 F X 1 » & %
HAMHF T B % TR L7z pfam00427 B X A 21, HEHEHIC 5
AR BEEZR (coverage) HEW I &b o b, H L, BEHIMFEY: (sequence

._ﬁw

100

- e ——

Predicted LDDT
3

B
-
L
-

0 50 100 150 200 250 274
Rasidue Nurmber {1~-273)

5.9 51— CpcC2D &7 I JHED T VT 7 jkF D predicted local distance
different test (pLDDT) D1, rank 12*5 rank 8 T TOEREZRL 72
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identity) BV DX ENL DT, 73/ BREMTOEMISHERI DR T W EH°
bbb, F72, pfam01383 KA A v, %< OEBEFION, ZofHEz b7
HWLDNLNnE W) FERE R 572, T ZOFTE, Discussion Th 9 A LiEL
Ham L 72\,

I, SRTCEEICEH LT, MEDCIREL 25TV 7 7 kFED predicted
local distance different test (pLDDT) OfEEZ R L, FTH SN2 EOX %
WTE L W51, CpecCZDET VT 7 [kFEIZHBIT% pLDDT OfEix 75 712 L
720DTH 5,

—#%912, pLDDT Ofiiid, [90 L 1T 3K IehEE 7l OFHHEE DS IR 1w,
[70 ~90 T EHEFICEH L TIEE ], [50 ~70 TIERREW, HoTwnb
TR ZZET 5], [50UTFTRT 1 A4+ —F—HEOWREE H 5, T/

ET L] mnlmuzluntﬂmllmsl
1 adnl  anmy|  sEE] a7 484
2 547l 600 5eol]  segE] so
3 g sem| mm|  siss] BB
180 Basel B mada] a4 EL.63
181 magl]  Thad]  mees|  TesEl 7404
182 TR Tead] TS| Tavs] el
185 sogd]  sasy] s sras| 5ess
184
185
185

pasy  oossl  eoe]l  savel sns

6o.06]  e5sel  eeaz]  e3se) ev.ad

Th.5E e B EEED T2.75
187 pamy  mias]  meos]  sa] sy
250 Bo.1E T  TeTs| 76| TR0
23 Gles] el  edse]  eap] 03
25 parsl  bevel  Enan]  edae| s
233 G Sld7] s 533 [T |
FE I
23 Barel hesdl  hadal  smpsl  aned
23 [T T 55| 55 5813
237 612 eusl| smse] =247 E3.a4
23 vags  ra|  easal ems]  eeag
) mam)  mesn]  reds]  TAVE[ 7w

#2:) ¥ 71— CpcC2 DRIBIIHL D pLDDT Ofile. HFHAKEL TV 57 3
J BRI
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BRLELTLW] LOFiTH %,

8ODKER (rank 12°5 rank 8) T, & TARH UMM%EZ/RL, rank 2MEL 7%
LY, LTINS BbBRENS LBEORREL o720 505 ETY 720
iE, RELTWAE1IFHOMET 23 Tho720 T/, 5182~ 184%FH, %
233 ~ 235%F H o /RIBHMHEBIL, 50 ~70DEE o720 ZOMITVI LD T0LL
FOEERLTWC, 794 FTEFEMEICL LT -5 L—HT5RITFLRHER
&% o7z pfam01383 K X A ¥ OfEiAS pfam00427 F X 4 » OfE L 1) & &K1
L HTW A DI, pfam01383 F A A > ORELHIHE EZEAS pfam00427 K A A4 » D
fEL ) AL, AlphaFold2 12 B1F 2% ¥ FVHEI D W EIER L TWwWa &
ZROND, 72, ZOWEEDIRTHEEDLENENER N LZRLTWHD0
b LNy,

R L CiE, BEEDSESC IR AR 2720 T, SEESNZTFT—%
BEOWIZRICHHT2BICITFEESLETH D, IDFELIERBELTBR

6.1 > % — CpcC2I2 L C, PDB ID: 7SC8 O & AlphaFold2 T2 & 172
rank 155 rank 8 F TOME L ERAEDLE/-H D, RIEFHELTH 55
175 ~ 190 % H K U5 228 ~ 2437 H @ PDB ID: 7SC8 Ok & ARl L7z,
HENE RIS BB E= PR L TORLZZH DT, rank 1205 rank 5F TH5HD
DAY PDB ID: 7SC8 DIEIEIZE QAL I N T\ 5,
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W, KABHEEB O pLDDT D2 FIZLTH <.

Kt varOoRFIL, Bonz3REHEETEQGHLETORT, H6DLM
1%, AlphaFold2(Z & » THEETF I &7z rank 155 rank 8 T T EREG LY
T backbone FR &R/ LD TH B, T2, AN, KIBHSEBLZIEKL OR
L72bDTHbH, HL, EhEbEidrank 175 rank 5FTIZLTHH, ElE
THE SN T % PDBID: 7SC8 DM IZFRE TR L T b, 1) ¥ — CpcC2 DB
GrERQEDbEE &, KIBEEBUIMNE, I IFEBRTES N 3RITHEE L —
HLTWDLILEPbhrb, RIS, REHHTHLHE182~184FH LY bH W
BHESOHS (4B THEBTRLEZES) &, 212008750 %
BOTWARRICRZ D F72, 5182~ 184F HOREH AL TDH, rankl 2»
5rankd T TORENIIIT—FHLTVL I ENbrb, 233 ~235FHDOXK
HEELLTIE, 5OD#MIODHIZEZ b,

4. Discussion

PBS®u v FIZBIT A T4V F—BE)OMNEZHGmNICHEHAT 2 7291213,
ZOREHOEBRNEREZ ZBICANETCORBHOETIRKEZHS 22T 5
VENH D, T3, BOEPEELZ ST LHEOBRINREY ZET 5720
W2, VU —D3RTGEEZNS 2 TR bhve 7 T4 4 ETHEMEE % FIH
L, M. A. Dominguez-Martin et al. |2 X o CTHHI N> T /X757 7T
Synechocystis sp. PCC 680301 v FiZiZ, 'V ¥/ — CpcC2 ? 3R IulEEIZ/RIA
NI D720, KB TIE AlphaFold2 % FIH L T % ® CpcC2 @ 3 KTt 15 D Tl
ZiTo72. ZOFER, 8OO THIRTHERON, TN L OREEILIEEPT
VYA LT, 7 94T B FHEMETHL2IZEINBELEFRALE VST
BUVIKRTHEETH - 72 (7)V 7 7 iFEIZMET 5 RMSD OfEiT 1.0A il )

RIBE AT OREETMIZR LT, GLN182, GLY183, ASNI184»#4ri, 820
B TR C3RITTHEEZ R L, 3IRICHEEDREDIEE L %4 %5 pLDDT Off
1357 ~ 78 TdH o 7o F 72, PRO233, GLY234, ARG235D k51, #iio i
WHE U 3RIohEE&E 2 78 L7228, b 123 9 3koohidE b A7 L, pLDDT Ol iZ,
53~ 63 TH o720 CNHDMHIZ, EF) 7 L723RTHEENMEHTE R VE
FTREALWETH D, ZHOWIIETHHT 2B, RITFEE R O % B
FRTHORD) BEDPH D, CRMEDO METLICE L T, $ORWTES EH°
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MOREIZHRTREVIEREZOLNLOT, ZOZ L2 EE L THELNL
T =7 2 FHTIULR VA S o BAENIZIE, SEkD S h/-7— 5 2 Wit
L L, RPEDES DAV E EIE L 725 FEN IS FTER S THLEE 2 AV -5t8 %
ToT, LD #EYEEDLNEIRTHEELZHEL TV T EDPEZ LN,

GLN182, GLY183, ASNI184 »/&RIERE M5, AJ D f 2D ETFIKAEIC
WHE 5 2 %95 ThV, PRO233, GLY234, ARG235 D KiBJELE1E, AR
PO B S2OETIRFEIZHEEZ 5.2 %9 TH - 7245, AlphaFold2 DiE R & 1%
wEAH D, B, By FROZ A VF—BEIZEHL TY »H — CpcC2 A EH %
WEELHZ TV I LIIRETH S ). BEOMEI NS,

1) 51— CpcC2® MSA OfEHE, pfam00427 K A A > & pfam01383 K 4 A ~
DWEDENHIZ> E D L ENT Wz, pfam00427 F A 1 1%, FFEY & L
THELTWA—T, pfam01383 F A 4 VI3HH#EEH & L THELTWAE LD
A, COMET SR o TLE > TWAHERESY S %\, PBSDY »
h—FMELEE, pfam00427 N A A Y IFEAKAIZHFETEL, pfam01383 F A
4 1%, 3WITTHEEDEAIZ L o TRAMNDOEEL T I LTV LDTIE W
MEFHEIND, T/, FHEETIIFEST 55, pfam00427 FX A X137 3/
BEHATIZ B BEMIZL W EEZ 5NL DT, pfam00427 K A A4 >~ T, %t
HIZA LT, SRITHEIZZNETIZT I VBROLRIZL > TEEL5250T

X 7. CpcC2 (f£) & CpcCl (H) @ 3% IeHkE D LB 0 728 @ backbone Fro —
FA L, pfam00427 K A A4 > EB5 (EERE ) T CpeC2 () & CpeCl (K
) % B A4+ 72 backbone FiRo
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FhnwnptEZHNS,

CpcC2L N 12 TIZEWMEICHFAET A1) ¥ —CpeCld, RIS
pfam00427 K X 4 >~ & pfam01383 K A A Y &6 ) o TWw b, K71,
CpcC2 @ backbone #77 (/), CpcCl ® backbone #F7% (), K U CpcC2 &
CpcCl % pfam00427 N X A > #4r CTHAAH D72 backbone F/r (FH) TH 5.

CpcC2 & CpcCl @ pfam00427 KA 4 Y & HR L &, 1ZT—HT L EDXT
D G) »Sbhrb, —J, CpeC2 & CpcCl ® pfam01383 K X A » D& AT —
FTLTWRWnWZ IRV T7T725b0 5, CpcC2D MSA OFEENSFHEIN
% pfam00427 K * £ > & pfam01383 F * £ » O ¥ s, BEIZ[F— PBS W B
NEI) Y H—IZENTWDE, T/, —FaT7IZENY ¥ H— CpeGlLIZiE,
pfam00427 K A A4 ¥ FEFET B A5, pfam01383 F A A Y IXFEHEL vy, T L O
TH L, [pfam00427 KA A Y IX3WICHERERIFL 72T ETT I VIROLR
IZE o THBHICEAW 2 HEE 5 2, pfam01383 F X A ¥ %, HEHKOE
ILFCTHLTCROBANDEE 5.2 Tn5, | & MSA O#R (GFHELOES)
E U THM T B2 ENTE S, T EAPBECIICEEL S 2 THERBZAD
HEPEERZ 28mTHh 5,

KWFFETHEONT— %1k, BEMIZPBS By FNOEFEHOETIRES
FELTRKO TS FORROMEICHRHENDE Z LICR2THALH, F72,
VU A=D200D K AL v O4THEALIC & % 3kTuHEE & St f 82 DFETFIR
BLOMOMMRIE, PBSOY FIZBIF 22 A VF—RBEICH L CEERAMAE
H5z5 55128 bhs,
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into a scientific writing course
for English learners at Nippon Medical School

James Ellinger *

Introduction

This article will briefly discuss the use of data science in medicine,
summarize the curriculum for data science at Nippon Medical School (NMS),
and then describe how principles of data science might be integrated in a
scientific English writing course. The field of data science can be defined as
“an interdisciplinary academic field that uses statistics, scientific computing,
scientific methods, processing, scientific visualization, algorithms and systems
to extract or extrapolate knowledge and insights from potentially noisy,
structured, or unstructured data” (‘Data science’, 2024). Research in this field
often makes use of large datasets, machine learning, and artificial intelligence
(AD).

The intersection of data science and medicine is expected to lead directly
to advancements in personalized and precision medicine (Frohlich et al., 2018;
Hulsen et al., 2019), as well as early detection and diagnosis of diseases (Siuly
and Zhang, 2016; Iregbu et al., 2022). Additionally, integrating data science into
healthcare is expected to aid in more general tasks such as electronic health
records management and privacy and fraud detection (Subrahmanya et al.,

2022). Furthermore, as the volume of data collected from clinical trials

*ARERRS - SHERESRE
Department of Foreign Languages, Nippon Medical School



(22)

increases, it can be expected that data science-based approaches will play an
important role in driving evidence-based medicine practices (Subbiah, 2023).
Despite the buzz around data science and the potential for transforming
medicine, a review on the use of big data and data science in medical education
noted that current curricula and syllabi might not be adequately preparing
future healthcare professionals (Khamisy-Farah et al., 2021). For example, in a
study that investigated practicing medical oncologists’ genomic literacy, an
area that includes processing large genomic datasets, nearly 50% indicated
they had little knowledge of newer techniques currently in use, and more than
40% of those surveyed did not feel that genomic training offered in medical
programs is adequate (Chow-White, Ha and Laskin, 2017). Another study,
which focused on newly graduated medical doctors as well as those younger
than 35, found that knowledge of clinical applications for data science-related
areas such as big data, predictive models, and Al, was reported to be 39%,
30%, and 43%, respectively. Furthermore, for each of those three areas, only
13% responded that they had experience with direct involvement in daily
clinical and research activities (Casa et al., 2021). While these studies are
limited in scope, they indicate that improvements in medical school curricula
might be needed to prepare future doctors to incorporate data science-based

approaches into their practice.

Data science at Nippon Medical School

To prepare its doctors for a future in which data science is likely to be
incorporated into medicine, Nippon Medical School (NMS) established the
Center for Mathematics, Data Science, and Artificial Intelligence in August of
2021. The center was established following the guidelines for the Program for
Mathematics, Data Science, and AI Smart Higher Education Program
(MDASH) put forth by Japan's Ministry of Education, Culture, Sports, Science
and Technology (MEXT). The program at NMS has been certified at the
Literacy Plus level and the overarching goals are to introduce students to the

relationships between data and society. Specifically, students will learn about
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the connections between medicine, Al, and data science. Unique features of
Nippon Medical School's program include the use of real medical data and
lectures provided by medical doctors to demonstrate the relationships to
students. Students are issued a certificate of completion upon finishing the
program.

The program is administered during the first 4 years of coursework
as part of the Longitudinal Program (W%l 7" 1 7° 5 24 ). Regarding Al the
program covers the foundations, history, societal impacts, and applications
across various fields. These fields are not limited to medicine but also include
autonomous systems and data-driven industries. Key topics include machine
learning, deep learning, Al ethics, and practical Python programming for tasks
such as data analysis, data visualization, simulation, and image processing.

With respect to data science, this course addresses foundational skills in
information security, data management, and statistical analysis, including
password safety, information retrieval, and the use of public datasets. Topics
also include data cleansing, questionnaire design, and visualization techniques
such as histograms and boxplots. Practical skills in software applications for
word processing, spreadsheets, databases, and presentations are highlighted,
alongside an introduction to linear algebra and Python for tasks such as matrix
operations, eigenvalue analysis, and statistical modeling.

The mathematics portion focuses on calculus fundamentals and their
applications in the natural sciences, probability concepts and distributions, and
statistical methods, including interval estimation for population means,
variances, and proportions.

A full list of the 35 learning objectives associated with the program can
be found at the center’'s homepage (the URL is provided in the Notes of Table
1). The items that are most relevant or which have potential relevance to the
scientific writing course for English learners described in this paper are listed
in Table 1. Some of these items are currently being addressed to various
degrees in the writing course, while addition of others is under consideration.

The details will be described further in the next section.
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Table 1. Selected learning objectives from the NMS Center for Mathematics,

Data Science, and Artificial Intelligence with relevance to a
scientific English writing course taught at NMS.

Item Students will be able to

16

18

19

20
21

29

30

31
32

33

34

35

explain why data-driven thinking is important.

explain the different types of data and the concepts of primary and
secondary data.

perform basic programming in Python.
perform basic operations of applications like word processing,
spreadsheets, and presentations.

summarize data using spreadsheet software and visualize it using
tables and graphs.

create basic graphs such as histograms, bar graphs, line graphs, and
scatter plots.

perform simple data screening using spreadsheet software.

use information retrieval services to conduct appropriate information
searches.

explain discrete and continuous random variables, probability density
functions, expected values, and variance.

explain various probability distributions (binomial, Poisson, normal,
exponential, etc.).

explain the law of large numbers and the central limit theorem.
explain various methods for interval estimation of population means,
population proportions, population variances, etc.

appropriately use different methods of data representation (visual
representations such as histograms and boxplots, and numerical
representations like means and variances).

explain the differences between scatter plots, correlation coefficients,
and regression lines for two variables.

explain concepts like correlation versus causation, spurious correlation,
and latent variables.

Notes: The full list of objectives is available at the center’'s homepage:

https://sites.google.com/nms.ac.jp/ai-edu/ #HHE 71 75 A
The translations for the objectives are provided by the author and are unofficial.
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Scientific writing for English learners at Nippon Medical School

Although separate from the Center for Mathematics, Data Science, and
Artificial Intelligence, the Department of Foreign Languages at NMS offers
English coursework in which students can put to practical use the data science
skills they acquire. Some of the important aspects of data science training and
education mentioned above are analysis, visualization, and communication of
data. This section will describe current and possible future ways in which data
science skills are applied in an English class at NMS. Linking the ideas
between classes and communicating those points to students is important
because it should help students consolidate their understanding of the concepts
and hopefully improve motivation by demonstrating the interdisciplinary
nature of their coursework.

All first-year students at Nippon Medical School are enrolled in a scientific
English writing course. This course spans all three academic terms, and the
main goal is for students to write an original research paper, in English,
following the conventional Introduction, Methods, Results, and Discussion
(IMRaD) format. Additionally, students give an oral presentation of their
project in English with their classmates and teachers serving as the audience’.

One of the defining features of this course is that students work in teams
and develop a research question for which they do not know the answer. Then
they design and conduct an original experiment, which is the driving force for
the paper that they write. This approach is taken because it allows students to
have ownership over their project. In the instructors’ experience, it has been
observed that this ownership provides strong motivation for the students to
become engaged in the project and promotes greater curiosity than simply

assigning students an experiment with given data and a known outcome.

1 This course is based on the instructors’ prior experience teaching in the Active Learning of
English for Science Students program at the University of Tokyo (https://eng2.c.u-tokyo.acjp/
ale_web/aless-en/).
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This course is taught in a student-centered, active learning style, which
means that during class time, the teachers do not lecture but instead provide
students with goal-driven activities. The activities are provided in English, and
unless otherwise specified, students are expected to complete the activities
using English. For example, students read a published research paper, which is
used as the basis for their own project. Outside of class time, students are
introduced to the structure and language of a research paper by watching
videos created by the instructors. Then, during class time, using guided
activities created by the instructors, the students work with their team to
collaboratively identify the limitations of the previous research, formulate a
research question, and design an experiment to answer the question.

As mentioned above, some aspects of this course are relevant to the
learning objectives stated by the Center for Mathematics, Data Science, and
Artificial Intelligence (Table 1). The most immediate learning objectives that
are relevant and which are directly covered in the scientific writing course are
items 16 - 20. Students write their entire paper using Google Docs, gather and
curate data using Google Sheets (analysis is performed with different software
as described below), and prepare their oral presentation using Google Slides.
These are important tools that the students use to communicate and visualize
their data.

Items 33 - 35 are relevant to the analysis of data and become applicable
when students prepare the Results and Discussion sections of their paper. The
instructors directly address the objectives of item 33 (appropriately use
different methods of data visualization) through activities conducted in class.
However, items 34 (explain the differences between scatter plots, correlation
coefficients, and regression lines for two wvariables) and 35 (explain concepts like
correlation versus causation, spurious correlation, and latent variables) are not
directly addressed in the scientific English writing course. This could be
remedied in the future by having discussions with instructors who teach in the
Center for Mathematics, Data Science, and Artificial Intelligence.

Currently item 21 (use information retrieval services to conduct appropriate

information searches) is not directly addressed in the scientific writing course
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since the students are provided published literature by the instructors. The
instructors would like to integrate this topic into the course, but due to time
constraints have been unable to do so thus far. Occasionally a student will
request guidance on finding additional literature, but this is handled on a case-
by-case basis. However, the instructors have observed that some students take
initiative to seek published literature on their own. Coordination with members
of the Center for Mathematics, Data Science, and Artificial Intelligence as well
as administrators of the Longitudinal Program® will help the instructors
address item 21 more thoroughly in the future.

Item 1 (explain why data-driven thinking is important) is loosely addressed
via an activity that students do on the first day of class. Students are provided
with a series of graphs that show the use of English in published scientific
research, and they are guided through a discussion based on this data. The last
question of the discussion asks students to consider why scientific research is
important for medical doctors. The goals of the discussion include getting
students to think about the importance of using data when answering
questions as well as the role of data in medicine.

Item 5 (explain the different types of data and the concepts of primary and
secondary data) is addressed in passing, at least with respect to concept of
primary data. Students design and conduct an original experiment to gather
their own data. Therefore, they gain first-hand experience with the generation
of primary data. However, having the students link this back to concepts they
have learning in the Center for Mathematics, Data Science, and Artificial
Intelligence is not a point that has been emphasized thus far.

With regards to items 29 - 32, which involve specific statistical concepts
and procedures, these are not directly addressed in the scientific writing
course as the details are outside the scope of an English course. However, they

are relevant to data analysis. Students need to calculate sample means and

2 All students in the second year take a course called Scientific Research 2 ( Bt&2RIF%E2) during
which they learn how to use PubMed to search for scientific literature.
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variances based on the data they collect. Furthermore, students receive some
instruction for conducting statistical tests such as a t-test or ANOVA. The
objectives in items 29 - 32 lay down some of the foundations for analyses that
students might use for their own data analysis. Students will receive more
direct instruction in statistics during their second year of coursework at the
Center for Mathematics, Data Science, and Artificial Intelligence. However, the
instructors of the scientific writing course have not yet highlighted the
connections between the future statistics coursework and the scientific writing
course. Doing so might help improve student motivation and consolidation of
their acquired skills.

Item 6 (perform basic programming in Python) is relevant to the scientific
writing class through its connection to items 19 (create basic graphs such as
histograms, bar graphs, line graphs, and scatter plots) and 33. Through
coursework in the Center for Mathematics, Data Science, and Artificial
Intelligence students learn how to make different types of graphs using
Python. Python can also be used to conduct statistical tests. Currently, in the
scientific writing course with regards to data analysis and visualization,
students are instructed in the use of a software application called Data
Explorer®, which is provided by the Howard Hughes Medical Institute. Data
Explorer has a straightforward and easy-to-use user interface (Figure 1), but
students are limited to using graph types and statistical tests that are available
within the software. Using Python might allow students to take a more flexible
approach to their data analysis while further building their data science
analysis skills. Further discussion with members of the Center for
Mathematics, Data Science, and Artificial Intelligence will allow the instructors
to determine if there is a practical way to coordinate the timing and use of

Python in the scientific English writing course.

3 https://media.hhmi.org/biointeractive/tool/dataexplorer/v1
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Figure 1. Example of the HHMI Data Explorer interface.

Data science has an important role to play in medicine and Nippon
Medical School is underway in addressing this issue. The Center for
Mathematics, Data Science, and Artificial Intelligence was established in part
to introduce students to the connection between data science and medicine.
The Department of Foreign Languages offers a scientific English writing
course, which is unaffiliated with the center, but offers a place where students
can put to practical use the data science skills they acquire. Encouraging
collaboration between instructors of these respective courses could strengthen
student outcomes and enhance motivation by creating a more cohesive
learning experience. This collaboration would further encourage students to

recognize the relevance of data science in medicine.
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