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Structure of a Dm Nanos peptide bound to the NOT module

Tobias Raisch et al

O D Ao D A NA©
& & » &F RS & & ffgf)f’«
Hs NOT1 [ | HEAL | [HEAT| [MIF4G || CN9BD| | N1SHD ]
& PO \Q@ \"G;L \"3\6 \"6 Q& \‘3& fpbc‘z%gb
DmNOT1 | | HEAL | |[HEAT| [MIFAG] | N9BD | | N1SHD []
L L L ]
NOT1-N NOT1-M NOT1-C
B C F-Luc D F-Luc-osk
AN
; ' 2 140~ 2100
S S O 2 >
Time (min) o 2 O V¥ ¥ £ 120+ %
s L] & 804
e o ;. [3)
F-Luc-5BoxB p S S0 s
2 @ 80- o 601
) °
S 60 3
rp49 i i 407
S 40 -
>
t4/2 (min) 146 £ 13 2313 £ 5 £ 204
o S
B e sy ¢ o0
So & SO &
E F-Luc-5BoxB-poly(A) TESLY PEE ée§
2 1204
2 F DCP2 H
g 100 GFP  E361Q G
] S
S 804 Qs» o ,&Qy'ofo,ga o PO P O PO
= XS X DA\ RSSO
I FETFES M CEP
o
=1
| - — —100
2 a0 95 _ - @ 100 . -
o . ;9 Anti-GFP Anti-GFP
£ 204 Anti-V5 = - _ 70 - 70
&) 0l I~ 55
y &£ 'S,’\o ¥y & '&’\o
FESHITSH - —35 HA-NOT1 [smea HA-NOT2 |muue =
O °Crs o | R-LUG-V5 | s
Control KD DCP2 KD + 12,34 J2,3 4
DCP2 E361Q 1234586 Input IP (anti-GFP) Input IP (anti-GFP)
| o o J o ) K o ) L ) ) M ] o
R RIS W OO W OO YO X0
{(,\«\@ Q.\/‘\q, Q.\«\go Q,\réo Q,\r‘\o Q.\r\go Q.\/‘\'o Q.\r\gzr Q.\'\go Q,\r‘\fo
- 100 - & 100 — - 100 - o 100 oy o | 100
Anti-GFP Anti-GFP Anti-GFP Anti-GFP Anti-GFP
70 - -’— 70 L. i - j 70 — =—T0
HA-NOT3 el == HA-CCR4 [wwuss HA-POP2 (s HA-PAN2 |smem = HA-PAN3 s
12,3 4 12 .3 4 12,34, 12,34 12 3 4

Input IP (anti-GFP) Input IP (anti-GFP)

Figure EV1.

EV1 The EMBO Journal

Input IP (anti-GFP)

Input IP (anti-GFP)

Input IP (anti-GFP)

© 2016 The Authors



Tobias Raisch et al ~ Structure of a Dm Nanos peptide bound to the NOT module The EMBO Journal

Figure EV1. Dm Nanos interacts with subunits of the deadenylase complexes.

A Domain organization of Hs and Dm NOT1. NOT1 consists of N-terminal (NOT1-N), middle (NOT1-M), and C-terminal regions (NOT1-C). NOT1-N contains two HEAT
repeat domains (dark and light blue); NOT1-M contains a MIF4G domain that also consists of HEAT repeats and a three-helix bundle domain (CN9BD). NOT1-C
contains another HEAT repeat domain, the NOT1 superfamily homology domain (SHD).

B Northern blot analysis showing the decay of the F-Luc-5BoxB mRNA in S2 cells expressing the indicated proteins. The mRNA half-lives (t;,) + standard deviations
calculated from the decay curves of three independent experiments are indicated below the panels.

C Tethering assay corresponding to the experiment described in Fig 1B but using an F-Luc reporter that lacks the BoxB hairpins. F-Luc activity was normalized to
R-Luc and set to 100 in cells expressing AN-HA. The panel shows mean values + standard deviations from three independent experiments.

D GFP-tagged Nanos was coexpressed with an F-Luc reporter containing the oskar 3' UTR. R-Luc served as a transfection control. F-Luc activity was normalized to
that of the R-Luc transfection control and set to 100 in cells expressing GFP. The panel shows mean values + standard deviations from three independent
experiments.

E Normalized luciferase activities corresponding to the experiment shown in Fig 3A and B.
F Western blot analysis showing the expression of the DCP2 mutant (DCP2 E361Q) in the experiment described in Fig 3A and B. R-Luc-V5 served as a transfection
control.

G-M Western blot analysis showing the interaction of GFP-tagged Dm Nanos (full length) with HA-tagged deadenylase subunits. GFP-tagged firefly luciferase (F-Luc)
served as a negative control. Proteins were immunoprecipitated using a polyclonal anti-GFP antibody. Inputs and immunoprecipitates were analyzed by Western
blotting using anti-GFP and anti-HA antibodies. For the GFP-tagged proteins, 3% of the inputs and 10% of the immunoprecipitates were loaded, whereas for the
HA-tagged proteins, 1% of the input and 30% of the immunoprecipitates were analyzed. In each panel, cell lysates were treated with RNase A prior to
immunoprecipitation.

Source data are available online for this figure.
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Figure EV2. Dm Nanos interacts with decapping factors and the NOT module.

A-F Co-immunoprecipitation assays using GFP-tagged Dm Nanos (full length) and HA-tagged decapping factors. Samples were analyzed as described in Fig EV1G—M.

G-I Western blot analysis showing the interaction of GFP-tagged Dm Nanos and HA-tagged NOT1, NOT2, and NOT3 (either full length or the indicated fragments).
Proteins were immunoprecipitated from RNase A-treated cell lysates using anti-GFP antibodies. GFP-F-Luc served as a negative control. For the detection of GFP-
tagged proteins, 3% of the input and 10% of the bound fractions were analyzed by Western blotting. For the detection of HA-tagged NOT1, 1.5% of the input and
35% of the bound fractions were analyzed, whereas for HA-NOT2 and HA-NOT3 proteins, 1% of the input and 30% of the immunoprecipitates were analyzed.

Source data are available online for this figure.

EV3 The EMBO Journal © 2016 The Authors



Tobias Raisch et al

Structure of a Dm Nanos peptide bound to the NOT module

A Alignment Drosophila NED

IsBvEvilvEvEvEvEvEvRvae]

.melanogaster 50
.anannassae 61
.erecta 72
.grimshawi 70
.mojavensis 53
.sechellia 72
.simulans 53
.virilis 53
.willistoni 68
.yakuba 72
.pseudoobscura 63

D.melanogaster 109
D.anannassae 120
D.erecta 132
D.grimshawi 128
D.mojavensis 114
D.sechellia 132
D.simulans 113
D.virilis 115
D.willistoni 136
D.yakuba 132
D.pseudoobscural32
D.melanogaster 177
D.anannassae 188
D.erecta 200
D.grimshawi 189
D.mojavensis 175
D.sechellia 200
D.simulans 181
D.virilis 176
D.willistoni 200
D.yakuba 200
D.pseudoobscural96
B
F-Luc-5BoxB
2100+
2
S 80
o
3
<
v 60-
S
3 401
w
2 20
ko
©
(74 o4
A9 O Do
& 08
L SEF
A7 NN
o9 NN
(<] ébc?
Figure EV3.

© 2016 The Authors

VTPDPSTSAQS| -AATANSLLMQRQY

The EMBO Journal

I HEPFEADS-------- H o 108
LEPLTPEP-TAQTTHHEPLEADS ---—---- -AAAANTLLLQRQYH¥H 0 119
LEPLTPDPSTAAQTEHEPFEADS --——--———— AAAANTLLLQRQYHY¥H 0 131
LEPEHS----TMSS[HQ TDNVQLN------—— TANALLLQRQYQ¥H 0 127
LEBE-P----TMSS[Q TDSNQVNMN- - - -ASAASTLFLQRQYQO¥H 0 113
IMBVTPDPSTSAQSTHESFEADNN-—--——--- AATANSLLLQRQYH¥H 0 131
IMBVTPDPSTSAQSTHESFEADNN-——-——-—- AATANSILLQRQYHY¥H 0 112
LEBE-P----TMSS[Q TDSNHVN--MNA-STAASTLLMQRQYQ¥H 0 114
LEPESPAPFGSQAAMQ TDNANVN-AMNA-ATAANTLLFQRQYH¥H 0 135
LEPLTPDPTTAAQTMHEPFEADS --——--——-— AAAANTLLLQRQYH¥H 0 131
-EBLTPEPPQYGSQMQ TGNSNMNMNMNMGLHTGQONMLLHQHYQ¥H H 131
ol o2 B1
0000000000 —p
SA--SHQ TGAAENAAGSMQ ABBDLGRMSYGSAPPQVQOM 176
NV--NNH TGASENAHGSMQ VEHDINRFHYGSAPPQAMT 187
SA--NHQ TGAAENAVGTVQ ASHDLSRFSYGSAPPQAQT 199
----NHH ACNADNASGSTS VEBDFNRFNC----- 188
----NHQ ACNTDNNSASTQ VEBELNCFQY----- 174
SA--SHQ TSAAENAAGSMQ ASHDLGRMSYGSAQPQAQT 199
SA--SHQ TGAAENVAGSMQ ASHDPGRMSYGSALPQAQT 180
----NHH ACNADTGSGSTQ VEBEFNCFQY----- 175
NAATNHQ TNTAEHAAGSTQ VEBDLNRFQ------ 199
SA--NHQ TGAAENAAGSVQ TNGY¥ASDDLSRFAYGSTPPQPQT 199
SGV--NHQ SAPAENVPGSTQ SNE¥ASDDLNCFAYSPAP----S 195
I’QQQQ L 2 4 L2 4 . * *0 o0 *00 QQOI
, N1BM N3BM ,

NOT module binding region (NBR)
PPQOOHQQQQGLHLPLGRNPAQLQOTNGGNLMPI - - - - PLATHWLN - - H s 236
PPPP---PPPSLQAPLGHTSSPQASPNVNLMPVSVPAPLTAHWLS - - 0 s 248
PPPSQQQQQQGLHLPLGRNTAQLHSNGANLMSN- - - - PLATHWLN - - 0 s 259
PQQPQQQLLRQQFPSATTTVAGNSANAAGVLPS---PLAATQ-LNLN| H 251
TVTPQSSPLPRQYP--AGNSTASATAAVSFVPP---SLAAAHWLNFEN H s 235
QPQQOHQQQQGLHLPLGRNPAQLQVNGGNLMPI - -~ -PLATHWLN - - H s 259
OPQQOHQQQQGLHLPLGRNPAQLQVNGGNLMPM- - - -PLATHWLN - — H s 240
SVAPQSSQLPSQVPISSAGTGGNATAEGATFPS---SLAAAHWINLS H s 240
PQLOQRHLTPTFTAASGSAGANMAAATANAFPM- - - - TTANWLY-- 0 s 258
PPPS--QQQQGMHLPLGRSPVQLQSNGANLMSN----PLATHWLN- - 0 s 257
PANQLHRNLPAAGAAANHPP-—-————— QVVPA--PAPLSARWLO- - 0 cI 249
C o & D E oGstT NBR GST NBR

N N Y © @
A & B Friue ¢ ¢ ¢
AN-HA: 2 & 2 9 & s g S s
(<R SN CI G ¢} ©120 - b4 z =z 4
2 2 2 2 2
55 2100
o= § 22: ——— — s s~ NOT1-SHD
Anti-HA - 40 z 807 - - s - MBP-Hs Nanos3
B S 60 S04
p— L 35 _l? 25- !g . GST-Dm Nanos NBR
w40 —— - - — —GST
F 20 - | e - wl-NOT2-C
F 20-
(] [—— B . 17 - | ol « sl NOT3-C
12345 &S S &P 1234 5678
é”’&f:“' & ¥ Input GST pulldowns
SR
[N <)

The EMBO Journal

EV4



The EMBO Journal Structure of a Dm Nanos peptide bound to the NOT module Tobias Raisch et al

4 Figure EV3. Sequence alignment of the Nanos NED regions of the indicated Drosophila species.

A The residues conserved in all of the aligned sequences are shown with a red background, and the residues with > 70% similarity are highlighted with a salmon
background. The residues interacting with NOT1 and NOT3 are indicated by magenta and cyan diamonds, respectively, including main-chain and minor side-chain
contacts. The residues mutated in this study are indicated by asterisks colored in blue (mutations that disrupt NOT module binding) and in orange (I1123M mutation
for the incorporation of selenomethionine as an anomalous scatterer).

B Tethering assay using the F-Luc-5BoxB reporter in S2 cells expressing the indicated AN-HA-tagged NED fragments. A plasmid-expressing R-Luc mRNA was used as a
transfection control. The F-Luc activities were normalized to those of the R-Luc transfection control and set to 100 in the presence of the AN-HA-GST. The panel
shows mean values + standard deviations from three independent experiments.

C Western blot analysis showing the expression of the AN-HA-tagged proteins used in the experiment described in (B). GFP served as a transfection control.

D An experiment similar to that described in (B) was performed using an F-Luc reporter that lacks the BoxB hairpins. The panel shows mean values + standard
deviations from three independent experiments.

E GST pull-down assay showing that the MBP-tagged Nanos3 NIM peptide does not compete with the GST-tagged Nanos NBR for binding to the purified NOT module.

Source data are available online for this figure.

Figure EV4. Comparison of NOT module conformations and details of Dm Nanos NBR binding.

A Superposition of the mutant NOT module (apo form) crystallized in space group P2; (blue; chains A, B, C), and the wild-type NOT module crystallized in space group
P2,2,2 (red; PDB code 4COD; Boland et al, 2013).

B Superposition of the mutant NOT module structure obtained in the absence (blue, chains A, B, C) and presence of the Dm Nanos NBR (orange; chains A, B, C). The
NBR peptide is shown in red.

C Superposition of the two NOT module complexes from the asymmetric unit of the crystals obtained in the presence of the Dm Nanos NBR peptide. Complex 1 (chains
A, B, C) is colored in orange and complex 2 (chains E, F, G) in green. The NBR peptide is shown in red and dark green.

D Crystal packing of the NOT module mutant bound to the Dm Nanos NBR peptide.

E Orientation of NOT1 helix 023 in the wild type (PDB code 4COD; Boland et al, 2013) and mutant NOT module apo complexes. Colors are as in (A). The black lines
indicate the change in the relative orientation of the helix axes.

F Orientation of the NOT1 helix a23 in the mutant NOT module complex as compared to the orientation in the complex of the NOT1 SHD with the human Nanosl
NIM (PDB code 4CQO; Bhandari et al, 2014).

G Alternative view of the N1BM binding pocket centered on Dm Nanos F130. Selected residues of NOT1 and of the NBR peptide are shown as gray and red sticks,
respectively. Residues mutated in this study are underlined.

H Alternative view of the N3BM binding pocket centered on Dm Nanos F152. Selected residues of NOT3 and of the NBR peptide are shown as cyan and red sticks,
respectively. Residues mutated in this study are underlined.

| Additional close-up of the N3BM binding site emphasizing the role of NOT3 K737 with hydrogen bonds as dashed green lines. Residues mutated in this study are
underlined.
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Figure EV5. Validation of the sequence assignment of the NBR peptide bound to the NOT module and activity of NBR mutants.

A-D

E-G

Anomalous difference Fourier map (black mesh) calculated at a resolution of 7.5 A and contoured at the 4.0 o level. Data (available as source data) were collected
at the Selenium K-edge peak wavelength from a crystal containing selenomethionine-substituted Dm Nanos NBR peptide (I123M mutant). The panels show close-
up views of the binding sites of the N1BM (A, B) and the N3BM (C, D) in the same orientations as in Fig 6. Residues mutated in this study are underlined.

Western blot analysis showing the interaction of GFP-tagged Dm Nanos (wild type or 3xMut) with HA-tagged NOT1, NOT2, and NOT3. GFP-tagged firefly luciferase
(F-Luc) served as a negative control. Proteins were immunoprecipitated using a polyclonal anti-GFP antibody. Inputs and immunoprecipitates were analyzed by
Western blotting as described in Fig EV1G—M.

A tethering assay using the F-Luc-5BoxB reporter and the indicated AN-HA-tagged proteins was performed in S2 as described in Fig 1B. The panel shows mean
values + standard deviations from three independent experiments.

Tethering assays in human HEK293T cells, using a B-globin reporter containing 6 binding sites (6xbs) for the MS2 protein and MS2-HA-tagged Hs Nanos2 (wild type
or the indicated variants, Nanos2 ANIM and Nanos2 NIM-to-NBR). In the Nanos2 NIM-to-NBR protein, the NIM was replaced by the Dm Nanos NBR. A plasmid
expressing an mRNA lacking MS2 binding sites (Control) served as a transfection control. The B-globin-6xbs mRNA levels were normalized to those of the control
mRNA and set to 100 in the presence of MS2-HA. The panel shows mean values + standard deviations from three independent experiments.

Northern blot of representative RNA samples corresponding to the experiment shown in (I).

Western blot analysis showing the expression of the MS2-tagged proteins used in the experiment shown in (l) and (J). V5-MBP served as a transfection control.
Co-immunoprecipitation assay in human HEK293T cells showing the interaction of V5-SBP-tagged Nanos2 (wild type or the indicated variants) with endogenous
NOT1 and NOT3. V5-SBP-tagged GFP-MBP served as a negative control.

Source data are available online for this figure.
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