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Q642S3_XENLA 492 QHCWALQMQ.RKH. .. NKTDAIKWRLQONHMAFLVDNL
AAT63276 DANRE 494 QHCWALQMQ.RKH. .. NQTDAVKWRLRNHMAFLVDNL
GCP4_DROME 467 QRVWAKQTW.RA VPPNNKI[ITLRNYLMFFLNNM
GCP4_ARATH 549 E[KSWASVMH.QDH. .. AQHRK.DGLNGSTSQQRRQGIRPMWRVREHMAFLIRNL
GCP4_MEDTR 538 E[KLWASVMH.QY[H. .. . AKNKKSDQDKSPITQQRDQRFRSMWRVREHEMAFLIRNL
ASHPS0O CHLRE 555 DDAWKDLRV.MDR...EMQ...........00..... RGTAPPVPHNRMRDLQDLRNHMAFVV|SNL
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00000QQ
GCP4 HUMAN 528 QYYLQVDVLESQFSQELLHQ[IN
GCP4_MOUSE 529 QYYLQVDVLESQF/SQILLHQ|IN
Q64253 _XENLA 528 QYYLQVDVLESQF/SQLLQOQIN
AAT63276 DANRE 530 QYYLQVDVLESQFSQLLQQIIN
GCP4_DROME 504 QYYIQVDVLESQFGILMNV|IK
GCP4_ARATH 601 QFYIQVDVIESQWKV[LQTH|IH
GCP4 MEDTR 591 QFYIQVDVIESQWNIILQSH|I|Q
A8HPSO CHLRE 599 QIYIQTDVIEVNE/SALENK[IA
Q4WZU3_ASPFU 580 IGSFFQGEVVNGCWQHFREWIQGGLATATSSTSSRPETSASLKSRYSDSPIEGRVGIDQSSHSAP
GFH1_SCHPO 462 QYYAYECVIKPSYCKLRES|ILT . . o v vttt et ittt ettt et e et e e et e es
GCP2 HUMAN 694 QYFIMMFEVME PTWHILEKNLK . . . . . . .ttt ettt e et e e e e e e e e e e et
GCP3~ HUMAN 718 QY IITFEVLEC/SWDELWNK[VO . . . o o vttt i e et e e e e e e e et e
GCP4_HUMAN 528 QYFLIQVDVLESIQFSQLLHQIIN . . . . v vttt et et et et e e et e e e e
GCP5_HUMAN 898 HNMIMTRILHSTGLEFQHQVE . . . . vttt ittt ettt et e et e e eenes
GCP6_HUMAN 1681 dc IANQIILHV|ITHCEFRARLA - &« o o v e v e et e e e e e e e e e e e e e e e e e e e e e e e
al9
GCP4_HUMAN 551 RﬁEsFRLLﬁDHFLSNLLAQSFIL ........... HKE rFCENEILDLCHFﬂCSL&. . .SQNLGP
GCP4_MOUSE 552 RDFES|IRLAHDHFLSNLLAQSFIL........... LKPVF|H‘C NE[ILDLCH|SFICSLV|. . . SQNLGP
Q64253 XENLA 551 RDFES|IRLAHDHFLSNLLAQSFIL........... LK P[V|F[HICLNE|I LELCH|SFICSL[V|. . . SQNLGP
AAI63276 DANRE 553 RDFES[IRLAHDHFLSNLLAQSFIL........... LKPVFHCLNEILDLCHNFCSLV|. . .SQNLGS
GCP4_DROME 527 S|DFEV|I|QRAHTVFLANVLSHCFLLNESETQLNVTG|SQNRNPIYGTLLKLFGICEKFA|. ..HMTQT.
GCP4_ARATH 624 QDF|TE[LVGFHQEYLSALISQSFLD........... I/GS[V/[SRILDS[IMKLCLQFICWN|I|...ENQESN
GCP4_MEDTR 614 HDFTE[LVGFHQEYLSALISQTFLD........... I/GS[V[SRILDGIMKLCLQFICWN|I|...ENQDNF
A8HPSO CHLRE 622 QDF|SELERAHALFLNTLMVQSFLT. .......... RTMC|IN[LTEIFQDVAMLITQLV|. . . SRACCD
Q4WZU3~ ASPFU 646 RLDPE|TLTVAHHRYLFISLVQSLFL.......... TDK P|F|T| ‘AERSﬂSLIDHIALI. . .IRLESV
GFH1_SCHPO 488 QKLRM DC@QLH\IL\LTLTYAKKMLF. .FYDDDLHISLNSLY@E SLIFRSQEV|SKVDCQ. . . LAQAHVS
|
GCP2_HUMAN 717 SNIDDVLGHETGFEDTCLKDCMLT. . ......... NPELLKVFSKLMS[VICVMFTNCM. . . QKFTQS
GCP3_HUMAN 741 QDLDH[IIARABEVFMDTIISRCLLD..SDSRAL. . .LNQLRAVFDQ|IIELQNRAQDAIY. . .RAALEE
GCP4__HUMAN 551 RDFES[IRLAEDHFMSNLLAQSFIL. . ......... LKPVFHCLNE[I|LD[LICH|SFCSLV. . .SQNLGP
GCP5_HUMAN 921 KDLDQ\fIKI YRESTIHDRCLLR ........... EKVSFVKEAIMKVLNL@LMFAD. . .GWQAGL
GCP6_HUMAN 1704 GDLEE[IQRAEIAEYMHKAVFRGLLT. .. ........ EKARPVMNVIHSIFSLVLKFRSQLISQAWGP
a20
GCP4_HUMAN 603 LD . .ottt e e ERGAAQLS[ILVKGFSRQSSLLFKILSSVRNHY. ... ..
GCP4_MOUSE 604 e ERGAAQLSILVKGFSR SSLL‘FKILSS‘VRNH ......
Q64253 XENLA 603 LD . .ottt ERGAGQLDILVKGFSCRSSLLFRILSSVRNHQ[. .. ...
AAI63276 DANRE 605 LD . . ... vvvvviuuneenenennnn.. ERGTAQLDILVKGFSRQISFLLFK/ILSSVRNH]......
GCP4_DROME 589 ....PSDDLEDEVDQILNESFGVQIASLIQLLVDVKSA|S......
GCP4_ARATH 676 PN. . ...ttt TSELENIAEEFNKK[SNSLYTILRSSKLAG[S|. .. ...
GCP4_MEDTR 666 SN. . .ottt e TSELEHIAEEFNKK[SNSLYTILRSSRLAG[S|. ... ..
ASHPS0_CHLRE 674 PA. .ttt e RLDFAAVSRLRSSFERHFLTLFGSISSQRMVESF. . ..
Q4WZU3_ASPFU 699 .. ....NMDLETDEGVVDALADYPREETELLEALRTARMEVEKGIR
GFH1_SCHPO 549 HS . . ...t IECIRQKENDPSYDRE[IJINALIVQLNL. .. .[]......
GCP2_ HUMAN 769 MKLDGELGGQTLEHSTVLGLPAGAEERARKELARKHLAEHADTVQLVSGFEATINKFDKN......
GCP3_HUMAN 799 LQRR..LQFEEKKKQREIEGQWGVTAAEEEEENKRIGEFKESIPKMCSQLRILTHFYQGI......
GCP4_HUMAN 603 LD . vttt et ERGAAQLSILVKGFSRQSSLLFKILSSVRNHQ......
GCP5_HUMAN L T L WRMESIEKMESDFKNCHMFLVTILNKAVICRGS. ........
GCP6_HUMAN 1759 PGG. o oot eee e PRGAEHPNFALMQQSYNTFKYYSHFLFKVVTKLVNR. ......
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Supplementary Figure 1 GCPs differ substantially in length and display rather low overall

identity/similarity. Structure-based multiple sequence alignment within the GCP4 (upper block)

and hGCP (lower block) families. The sequence numbering is for hGCP4. Sequence homology

is highlighted in red whereas sequence identity is shown as white letters on a red background.

Secondary structure elements (arrows for 3-strands and coils for a-helices) of hGCP4 are

indicated at the top and colored according to the different subdomains depicted in Figure 1.

Residues of GCP4 that are disordered in the crystal structure have been underlined. Percen-
tages of identity/similarity among hGCPs range from 6/11 to 18/36%. Abbreviations: XENLA,
Xenopus laevis; DANRE, Danio rerio; DROME, Drosophila melanogaster; ARATH, Arabidop-
sis thaliana; MEDTR, Medicago truncatula; CHLRE, Chlamydomonas reinhardtii; ASPFU,
Aspergillus fumigatus; SCHPO, Schizosaccharomyces pombe.
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Supplementary Figure 2 Structural determinants of the GCP4 fold. (a) Ribbon representation of the overall

fold of GCP4 and (b-g) of selected representative interactions found within and between the five different
helical bundles and extra secondary structure elements.
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Supplementary Figure 3 GCP4 illustrates the structure of the core of all hGCPs. (a) Schematic repre-
sentation of the primary structure of the five hGCPs (light grey). White rectangles indicate deletion
regions. Missing loops in the GCP4 structure are in dark grey and corresponding residues are labelled.

The most conserved regions are shown with bars color-coded according to the subdomain definition (see
Figure 1). The previously defined grip1 and grip2 motifs are boxed in dark grey. (b) Ribbon representation
in stereo view of the most conserved hGCP regions mapped onto the crystal structure of GCP4.

Nature Structural & Molecular Biology: doi:10.1038/nsmb.2083
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Supplementary Figure 4 Scatchard plot analysis of GCP4 binding to y-tubulin.
A Kd of 37 £ 23 nM was calculated for this interaction. Two out of four different
experiments are represented in this graph. For details, see Materials and
Methods.
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GCP4 Spc97/GCP2 Spc98/GCP3

Supplementary Figure 5 The structure of GCP4 can be used as a template for
modeling all GCPs. Ribbon representation of the X-ray structure of GCP4 and of
derived models for Spc97 and Spc98, the yeast orthologs of GCPs 2 and 3.
Missing loops and insertions of GCP2 and GCP3 with respect to GCP4 are indica-
ted by spheres whose size is proportional to the number of residues assuming a
globular fold. Colors are according to the subdomain definition as depicted in
Figure 1. The black arrow indicates the location of the 77 and 827 residue-long
specific insertions in GCP5 and GCP®6, respectively.
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intra«yTuSC packing interyTuSC packing

GCP2 GCP3 GCP3 GCP2

Supplementary Figure 6 Interactions between GCP2 and GCP3 within and between yTuSCs.
(a) A molecular model for an entire ring of yTuSCs, based on the fitting in Figure 4 and the
cryo-EM reconstruction of yTuSC oligomers. (b) Detailed packing of GCP2 and GCP3, both
within and between yTuSCs. Green spheres denote the positions of highly charged inserts in
GCP4, which may interfere with lateral assembly of GCP4 in one direction.
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region

Supplementary Figure 7 Normal mode analysis of GCP4 indicates a flex point
in the region corresponding to the GCP3 hinge. (a) A side view of the yTuSC
pseudo-atomic model, showing GCP3, with the previously identified hinge
region indicated. GCP3 is colored blue in helical bundles 1-3, and cyan in
bundles 4 and 5. (b) The first mode from normal mode analysis indicates
flexibility at the kink between helical bundles 3 and 4. Structures generated by
normal mode analysis are superimposed on the N-terminal part of GCP4.
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Supplementary Table 1 Results of Dali search at http://ekhidna.biocenter.helsinki.fi/dali_server/

Query structure Residue range Structural neigbours*
y g PDBt | Z | Rmsd | Lali Nres %id | Description
Full ranae orotein | 1-654 30b2 | 10.1 | 3.4 | 114 | 568/296 | 8 | E3-ubiquitin ligase Cbl (SH2/TBK domain)
gep 2lsw | 95 | 2.4 | 106 | 568/189 | 9 | Talin-1 (Actin-binding domain)
o on 1g7d | 3.6 | 2.8 | 63 | 79/106 | 3 | ERp29 (C-terminal domain)
Bundle 1 (B1) 1-50, 98-126 2utg | 30 | 35 | 51 | 79/70 | 12 | Uteroglobin
2gsh | 5.1 2.8 51 88/85 14 | UPF0147 protein
Bundle 2 (B2) 51-97, 127-180 ool a8 57 152 [ saie2 |8 [YmeB
1zx4 | 46 | 46 | 82 | 120/180 | 9 | ParB
Bundle 3 (B3) 181-348 1047 | 45 | 30 | 8L | 120/304 | 5 | Cbl
1k30 | 5.1 2.8 57 | 72/363 | 11 | Glycerol-3-phosphate acyltransferase
Bundle 4 (B4) 349-363, 461-478,535-573 9.6 46 | 22 | 53 | 72/583 | 11 | Serum albumin
N ~ 2jsw | 10.1 | 2.1 | 110 | 115/189 | 8 | Talin-1 (Actin-binding domain)
Bundle 5 (B5) 479-534,574-634 3hkk | 100 | 25 | 101 | 115/145 | 10 | Leukotriene C4 synthase
. ~ 2jsw | 10.1| 2.8 | 112 | 135/189 | 10 | Talin-1 (Actin-binding domain)
BS+Cter 479-534,574-654 3hkk | 10.1 | 2.9 | 108 | 135/145 | 9 | Leukotriene C4 synthase
. ingl | 4.4 2.8 66 | 74/294 5 | Ffh (N and GTPase domains)
Small domain (SD) | 364-460 2v3c | 41 | 29 | 61 | 74/403 | 10 | SRPIO
B1+B2 1-180 lzww | 5.7 3.4 94 | 167/196 | 7 | Endophilin-Al (BAR domain)
1r0d | 5.2 46 | 119 | 167/190 | 8 | Chimeric IL-8-MGSA protein
ontz | 5.3 | 42 | 74 | 208/172 | 7 | ParB
B2+B3 51-97, 127-348 3kph | 52 | 35 | 79 | 208/194 | 6 | Mycoplasma arthritidis-derived mitogen
luzm | 5.1 4.9 52 | 192/116 | 8 | Histone-like protein HLP-1
B3+B4 181-363,461-478,535-573 01 o 4.9 | 2.6 | 59 | 192/455 | 8 | Vitamin D-binding protein
g ~ 2jsw | 10.0 | 2.8 | 110 | 207/189 | 8 | Talin-1 (Actin-binding domain)
BA+BS+Cer 349-363,461-654 1fbov | 9.9 | 3.0 | 105 | 207/388 | 10 | c-Cbl
1r0d | 9.2 3.0 | 140 | 281/194 | 8 | Chimeric IL-8-MGSA protein
BA+B5+Cter+SD | 349-654 2isw | 8.7 | 3.0 | 127 | 281/189| 9 | Talin-1 (Actin-binding domain)
. lybz | 4.0 3.8 56 81/76 18 | Chorismate mutase
Grip 1 163-287 2vge | 38 | 27 | 63 | 81/99 | 3 | 30S ribosomal protein S20
. 3060 | 5.2 | 6.4 | 114 | 214/572 | 7 | MsbA
Grip 2 337573 2eho | 51 | 48 | 78 | 214/161 | 5 | GINS complex subunit 4

*For each query structure (not all combinations are shown here), only the first two non-redundant structural neighbours with the highest Z-scores are given.
tPDB, PDB identifier of the matched structure; Z, Z-score of the match; Rmsd, rmsd of the match; Lali, number of aligned positions; Nres, number of residues in query/matched
structures; %id, sequence identity of aligned positions.



SUPPLEMENTARY DISCUSSION

GCP4 three-dimensional structure

The structure can be viewed as successive layers or bundles (Supplementary Fig. 2a).
Starting from the N terminus, the first bundle (residues 1-50, 98-126) comprises helices al,
a4, and a5 and part of helix a2, plus 2 antiparallel B strands (B1, 2). This first layer is topped
by a second bundle (residues 51-97, 127-180) consisting of the remaining part of helix a2,
part of helix a8 and helices a3, a6, and a7, and one disordered loop region spanning 13
residues (Val66-GIn78 between helices a2 and a3). Contiguous to the second bundle is a third
bundle (residues 181-348) that includes the second half of helix a8 and helices 09, a10, and
all, plus 2 antiparallel beta strands (B3, B4). This part of the structure also includes the
longest disordered loop (residues Pro209-Pro252 between B3 and P4) and the partially
disordered peptide segment (GIn289-Gly297 between helices a9 and a10). The fourth bundle
(residues 349-363, 461-478, and 535-573) is made of part of helix a15 and helices a12, a17,
and o188 whereas the fifth bundle (residues 479-534, 574-634) encompasses the remaining
part of helix a15 and helices al16, a19, and a20. The two C-terminal bundles are flanked on
one side by a small domain (residues 364-460) that comprises helices a13 and a14 plus 2
antiparallel beta strands (B5, f6) and on the other side by the C-terminal helix a21 (residues
635-654), which runs perpendicular to the diagonal. The small domain also contains one
disordered region (Lys423-Pro445 between strands 5 and (6). The cohesion of the GCP4
tertiary structure is ensured in part by a set of longitudinal helices interconnecting two
adjacent bundles, i.e. helix a2 for bundles 1 and 2, helix a8 for bundles 2 and 3, and helix
o15 for bundles 4 and 5. It is also noteworthy that the major axis of bundle 3 is shifted with
respect to the major axes of the first two and the last two bundles, where bundles 1 and 2 on
one hand and bundles 3 and 4 on the other hand may be considered a continuation of each
other.

The first helix bundle is stabilized by a Leu-rich hydrophobic core that is strongly
conserved in the GCP4 family. Peripheral to the hydrophobic core of the first helix bundle, a
hydrogen bond involving Tyr100, a highly conserved residue within the GCP4 family,
connects the extremities of ol and a4 (Supplementary Fig. 2b). Contiguous to Tyr100, a
hydrogen bond between Hisl121 and Glull0 reinforces lateral contacts between helices a4
and o5. The B1-B2 anti-parallel B-sheet is docked against helices al and a2 through
hydrophobic contacts and polar interactions involving the side-chains of Thr50 and Arg54
from helix a2 whereas the hydrophilic side of the sheet is exposed to solvent. A salt bridge
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and water-mediated hydrogen bonds between several rather poorly conserved residues (Tyr52,
Thr56, Asp94, GIn98, Argl01) pin the extremities of a4 and a3 as well as a4 to a2, thus
harnessing together the first two helix bundles. This is reinforced by a set of hydrogen bonds
between the side-chains of the non-conserved residues Arg44 (a2), Asnl23 (a5) and GIn130
(a6). These bonding networks contribute to, or are the result of, the tilts observed between
helices a3 and o4 on the one hand and a5 and o6 on the other hand, and the relative
orientation between bundles 1 and 2. Unlike the other bundles found in the GCP4 structure,
which all contain 4 helices, the second bundle is made of 5 a-helices. It is arranged around a
hydrophobic core, enriched in leucine and valine residues conserved in the GCP4 family,
where helices a3, a6, a7, and a8 are parallel in pairs while a2 is tilted with respect to the
other helices, docked against a3 and a6 that it moves apart (Supplementary Fig. 2a). The
topology is under the influence of the tight bonding network that occurs between the top of
the second bundle (helices a3, a7, a8 and the loop a6-07) and the bottom of the third bundle
(a8 and loops a8-B3 and B4-a9) (Supplementary Fig. 2c). A hydrogen bond is found
between the highly conserved residues Tyr85 and GIn186. The N-terminus of a3 is capped by
a conserved glutamic acid at position 202 within the a8-f3 loop. The conformation of this
loop is stabilized by the side-chains of two other conserved residues, Asp198 and His149, and
a water molecule. Two weakly conserved residues (GIn142 and His160) also form a hydrogen
bond, linking a6 and a7 together.

Numerous hydrophobic residues conserved among GCP4 proteins also contribute to the
hydrophobic core and to lateral inter-helices interactions found in the third bundle as well as
the hydrophobic interface specifically made between helix a9 and the (33-34 anti-parallel (-
sheet. Docking of the B-sheet onto the GCP4 structure also pulls away helices a8 and o9.
Two salt bridges formed between residues Arg271 and Glu326 and between residues Lys275
and Asp330 pin a9 obliquely to all (Supplementary Fig. 2d). The strongly conserved
His339 tethers the C-terminal side of the 09-010 loop to the bundle thereby clamping the
extremity of a10 to al1, whereas an additional salt bridge (involving residues Arg313 and
Asp324) connects the opposing extremities of al0 and a1l together. A salt bridge formed
between the poorly conserved residues His193 and Glu304 anchors a8 to al0. Finally, an
aromatic core conserved in GCP4 (Tyr184, Tyr267, Phe320 and Phe325) anchors the bottom
of the third bundle and may contribute to the slight curvature of helix a8. The numerous
hydrophobic and polar interactions displayed by the third bundle may help preserve the

integrity necessary to a putative pivotal role. Interactions between bundle 3 and bundle 4 are
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essentially mediated by the C terminus of helix a1l that fits in a shallow hydrophobic groove
provided by the N termini of a12 and a18, the short segment connecting a17 to 18, and the
310 helix found at the C-terminal end of the loop B6-a.15 (Supplementary Fig. 2e). Polar
interactions occur at only two sites on the interface of bundle 3 with the C-terminal domain.
The first site involves three relatively conserved residues (Arg333, Asp552, and Glu554)
which form salt bridges connecting all to al8. On the opposite side, Trp460 forms a
hydrogen bond with the main-chain oxygen atom of residue 285, linking the f6-n3 turn to the
extremity of a9. Strikingly, the side-chain of Trp460 is at van der Waals contact from Pro461,
thus maintaining the aromatic ring of Trp460 in its position. Both Trp460 and Pro461 are
almost strictly conserved in the GCP4 family.

The fourth helix bundle comprises four a-helices that establish many hydrophobic
interactions through another set of highly conserved aliphatic and aromatic residues arranged
around Phe540, Phe563 and the strictly conserved Tyr474. The side chain of Tyr474 forms in
turn a hydrogen bond with the conserved His560 within the heart of the hydrophobic core,
underlining the importance of these two residues in stabilizing the bundle’s fold
(Supplementary Fig. 2e). In contrast, relatively few electrostatic and polar interactions occur
between the helices of the fourth bundle. For example, the only connection between a12 and
o17 occurs at a salt bridge formed by Lys358 and Glu537, both strongly conserved in the
GCP4 family. GIn539, which is conserved polar in all GCP4s, His562, and Asn566 along
with three water molecules, form a hydrogen bond network linking al17 and al8. Several
hydrophobic residues (Val476 and Tyr480 from al15; Leu568, Phe572, and Phe579 from a18)
delineate an exposed hydrophobic patch at the interface between bundles 4 and 5. This
hydrophobic surface could eventually accommodate the long segment between B5 and 6
(residues 423-445) and/or the very C-terminal stretch, which are both not seen in the GCP4
structure.

The fifth helix bundle is organized around a hydrophobic core that is capped by Trp495,
an almost strictly conserved residue in the GCP4 family, and Phe592 (Supplementary Fig.
2f). The bundle is also characterized by an absence of close packing between al5 and a16 at
the proximal end, and between a16 and 20 at the distal end. The gap observed between al5
and a.16 is nevertheless partially filled by the side-chains of three conserved glutamines (488,
528, and 532), which form hydrogen bonds, and also allows housing helix ol2
(Supplementary Fig. 2f). Inter-helical interactions involve the only disulfide bridge of the

GCP4 structure, formed between the non-conserved cysteine residues 494 and 589, linking
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al5 to al9. A long stretch of conserved residues within the GCP4 structure (526-540), which
encompasses the C terminus of al6, is involved in several polar interactions. A water-
mediated hydrogen bond network formed among residues Tyr529, Tyr530, Asp534, and
Arg633 connects al6 to a20. Another hydrogen bond involving His519 and Ser622 also
bridges a16 to 20 midway along the bundle. Helices a19 and a20 both make hydrophobic
contacts with a2l. The C-terminal helix is also clamped to the fifth bundle by polar
interactions involving the hydroxyl group of the conserved residue Ser631, backbone atoms of
the 0.20-021 loop and the side-chain atom of Asn638, maintaining a21 perpendicular to .20.

The two C-terminal bundles also interact with the small domain. This interaction mainly
involves helices a12, a13, and 15 and strand 6. Fastening of the subdomain onto the fourth
bundle is insured by polar interactions involving the side-chains of three conserved residues
(Tyr361, Tyrd56, and Asnd75) as well as that of GIn353 (Supplementary Fig. 2g). The
interface between the small domain and the fifth helix bundle is smaller. It involves a
hydrogen bond formed between the side-chains of two conserved residues, GIn370 and
Argd85 (Supplementary Fig. 2g). The fold of the subdomain involves a highly conserved
aromatic core located on a13 and 14, and onto which strands 5 and 6 are packed.

A search for structural homology with the program Dali', using the whole GCP4 structure
or its domains and any combination as a query structure, revealed that GCP4 represents an
original protein fold (Supplementary Table 1). Significant similarity despite very weak
sequence homology (less than 10% identity) was obtained between the C-terminal bundle of
GCP4 and around 20 proteins containing a similar motif. However, common themes in the

use of such a-helical bundle motif cannot be easily foreseen.

The yTuSC model

The location, orientation, and rough boundaries of GCP2 and GCP3 in yTuSC have been
described previously”. The GCP4 crystal structure fits very well into both the GCP2 and
GCP3 densities (Fig. 3a). Indeed, in some regions of the EM map with clear alpha-helical
density there is good agreement with the position of GCP4 helices, suggesting a remarkable
level of structural conservation (Fig. 3b). The kink in the GCP4 structure between helical
bundles 3 and 4 closely matches the bent shape of GCP3 in the EM density. The best fit for
the straighter GCP2 subunit, however, was achieved by splitting the atomic model in two at
the kink point and fitting each half of the structure independently, straightening the structure

by about 7°. In the resulting model, an area of empty EM density remains at the base of the
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yYTuSC, which can accommodate the unmodelled N-terminal regions of GCP2 and GCP3,
consistent with a prior report that the N-termini cross each other’. The other large area of
unfilled EM density, near the second bundle of GCP2, is sufficient to accommodate a yeast-
specific GCP2 insertion between helices 6 and 7 (Fig. 3b, black arrow). The position of this
insert, directly beneath the kink in GCP2, may play a role in the straighter conformation of
GCP2 relative to GCP4.

Within the yTuSC, contacts are made between the first bundles of GCP2 and GCP3, and
between their second bundles (Supplementary Fig. 6). In the first bundle, al, the al-B1
loop, and a4 of GCP2 pack against a5 and the N-terminal end of a2 of GCP3. The second
bundles interact through the a2-03 loop of GCP2 and a6 and the a7-a8 loop of GCP3. A
more minor contact is made in the third bundle between the a9-0.10 loop of GCP2 and the N-
terminal end of a11 in GCP3. In yTuSC oligomers, the equivalent surfaces are used to make

lateral contacts between subunits.
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