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Extended Data Fig. 3 | See next page for caption.
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Extended DataFig. 3| Development and characterization of lipidated
daLUXendin660+. a) daLUXendin660 can be further modified to generate

daLUXendin660+ by installing a C20 di-acid lipid chain at lysine position 20.

b) cAMP responses to daLUXendin660 (daLUX660) and daLUXendin660+
(daLUX660+) in AD293 cells expressing either human (h)GLPIR, mouse (m)
GLPIR, human (h)GIPR or mouse (m)GIPR (n =4 independent repeats).

¢, d) Binding affinity of daLUXendin660+ against hGLP1R and hGIPR (c),
with Kd values (d) in a separate bar graph (one-site fit specific binding)

(n=3independent repeats). e-h) daLUX660+ labels islets similarly to daLUX660,
with strength of labelling B cells > « cells = 6 cells, as shown by representative
images (e, g) and summary bar graphs (f, h) (INS, insulin = at least 26 islets from
5mice; GCG, glucagon = at least 16 islets from 5 mice; SST, somatostatin = at least
16 islets from 5 mice) (Kruskal-Wallis test with Dunn’s multiple comparisons test).
Scale bar = 53 pm. Scatter plots and line graphs show mean + SEM. Violin plots
shows min-max and median. Exact p values are displayed on each graph.
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Extended DataFig. 4 | ICV-injected daLUXendin660 accesses the brain
parenchyma and labels tanycytes. a) Intracerebroventricular (icv) injection

of daLUXendin660 (3.3-5 nmol/kg BW) labels cells surrounding the 3rd
ventricle. daLUXendin660 colocalizes with tanycytes (indicated by vimentin
immunolabeling) following icv administration (n = 4 mice). b) 3D-rendering
showing extensive colocalization of daLUXendin660 with vimentin in tanycytes
surrounding the 3rd ventricle (box labelled with i indicates region of magnified
image). Labelling of GLP1R- and GIPR-expressing cells (examples indicated by

arrows) was characterized in ¢) GLP1R-tdRFP (n = 2) and d) GIPR-GCaMP6 (n =2)
mice. Boxes labelled with i and ii indicate region of magnified images, with’,”
and "’ representing merged, GLPIR/GIPR and daLUXendin660 signals,
respectively. e) A small number of cells positive for both GIPR and GlpIrare
labelled with daLUXendin660 following icv administration (indicated by

arrow heads). Box labelled with iindicates region of magnified image, with’,”
and " representing GlpIr, GIPR and daLUXendin660 signals, respectively.
Scalebar =100 pum.
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Extended Data Table 1| daLUXendin554 and daLUXendin660 cAMP pharmacology

GLP-1 GIP TZP
hGLP1R EC50 best-fit (M) | 3-358e-09 0.00004436 5.67e-08
2.507e-009 to N/A 3.740e-008 to
hGLP1R EC50 95% CI (M) [ 4.459e-009 8.632e-008
mGLP1R EC50 best-fit (M) | 1.297e-09 0.00002552 2.944e-08
9.533e-010 to N/A 2.030e-008 to
mGLP1R EC50 95% CI (M) | 1.757e-009 4.244e-008
hGIPR EC50 best-fit (M) 1.072e-07 1.18e-10 6.414e-10
1.142e-008 to 6.934e-011 to 3.689e-010 to
hGIPR EC50 95% CI (M) 2.579e-006 1.993e-010 1.091e-009
mGIPR EC50 best-fit (M) 6.034e-08 5.564e-10 1.116e-07
N/A 3.663e-010 to 6.451e-008 to
mGIPR EC50 95% CI (M) 8.349e-010 1.906e-007
daLUX544 daLUX660
hGLP1R EC50 best-fit (M) | 2.552E-07 1.389E-08
1.549e-007 to 8.683e-009 to
hGLP1R EC50 95% CI (M) [ 4.372e-007 2.167e-008
mGLP1R EC50 best-fit (M) | 6-941E-08 5.737E-09
4.186e-008 to 3.789e-009 to
mGLP1R EC50 95% CI (M) | 1.144e-007 8.602e-009
hGIPR EC50 best-fit (M) 5.141E-09 2.66E-10
2.936e-009 to 1.432e-010 to
hGIPR EC50 95% CI (M) 8.892e-009 4.861e-010
mGIPR EC50 best-fit (M) | 8-756E-08 4.402E-09
4.499e-008 to 2.597e-009 to
mGIPR EC50 95% CI (M) 1.677e-007 7.249e-009

ECs, values for GLP1, GIP, Tirzepatide (TZP), daLUX544 and daLUX660 against human GLP1R (hGLP1R), mouse GLP1R (mGLP1R), human GIPR (hGIPR) and mouse GIPR (mGIPR) (n=4
independent repeats).
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Extended Data Table 2 | daLUXendin660 and daLUXendin660+ pharmacology

CcAMP EC;, values for daLUX660 and daLUX660+ against human GLP1R (hGLP1R), mouse GLP1R (mGLP1R), human GIPR (hGIPR) and mouse GIPR (mGIPR) (n=4 independent repeats).

daLUX660

daLUX660+

hGLP1R EC50 best-fit (M)
hGLP1R EC50 95% CI (M)

3.464e-008
2.487e-008 to 4.831e-008

6.699e-008
4.536e-008 to 9.898e-008

mGLP1R EC50 best-fit (M)
mGLP1R EC50 95% CI (M)

1.957e-008
1.471e-008 to 2.593e-008

2.942e-008
2.027e-008 to 4.226e-008

hGIPR EC50 best-fit (M)
hGIPR EC50 95% CI (M)

1.084e-009
7.847e-010 to 1.499e-009

5.359¢e-010
3.835e-010 to 7.481e-010

mGIPR EC50 best-fit (M)
mGIPR EC50 95% CI (M)

1.954e-008
1.316e-008 to 2.886e-008

1.795e-008
1.138e-008 to 2.819e-008
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Reporting Summary

Nature Portfolio wishes to improve the reproducibility of the work that we publish. This form provides structure for consistency and transparency
in reporting. For further information on Nature Portfolio policies, see our Editorial Policies and the Editorial Policy Checklist.
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Statistics

For all statistical analyses, confirm that the following items are present in the figure legend, table legend, main text, or Methods section.

/a | Confirmed

>

The exact sample size (n) for each experimental group/condition, given as a discrete number and unit of measurement
|X| A statement on whether measurements were taken from distinct samples or whether the same sample was measured repeatedly

The statistical test(s) used AND whether they are one- or two-sided
N Only common tests should be described solely by name; describe more complex techniques in the Methods section.

[ ] A description of all covariates tested
|X| A description of any assumptions or corrections, such as tests of normality and adjustment for multiple comparisons

< A full description of the statistical parameters including central tendency (e.g. means) or other basic estimates (e.g. regression coefficient)
AND variation (e.g. standard deviation) or associated estimates of uncertainty (e.g. confidence intervals)

D

For null hypothesis testing, the test statistic (e.g. F, t, r) with confidence intervals, effect sizes, degrees of freedom and P value noted
Give P values as exact values whenever suitable.

X

For Bayesian analysis, information on the choice of priors and Markov chain Monte Carlo settings
For hierarchical and complex designs, identification of the appropriate level for tests and full reporting of outcomes

Estimates of effect sizes (e.g. Cohen's d, Pearson's r), indicating how they were calculated

XXX [ [0 OX O] L0

oo

Our web collection on statistics for biologists contains articles on many of the points above.

Software and code

Policy information about availability of computer code

Data collection  Images were acquired using Zen 2012 (Zeiss), Olympus cellSens and STEDYCON 9.0.799-g22f03ed2 software.
Localization coordinates were acquired using Abbelight NEO software.

Data analysis Images were analyzed using Imagel 1.5j8 (NIH), Zen 3.5 (Blue Edition; Zeiss), Olympus cellSens v3.2, Abbelight NEO v39 or STEDYCON 9.0.799-
g22f03ed2 software. Numerical data were analyzed using R Project 4.4.3 and Prism 8, 9 or 10 (Graphpad).

Particle clustering was analyzed using DBSCAN, implemented in Abbelight NEO or the DBSCAN R Project package (https://cran.r-project.org/
web/packages/dbscan/index.html). Single particle tracking was performed using Trackmate plugin for ImageJ.

For manuscripts utilizing custom algorithms or software that are central to the research but not yet described in published literature, software must be made available to editors and
reviewers. We strongly encourage code deposition in a community repository (e.g. GitHub). See the Nature Portfolio guidelines for submitting code & software for further information.




Data

Policy information about availability of data
All manuscripts must include a data availability statement. This statement should provide the following information, where applicable:

- Accession codes, unique identifiers, or web links for publicly available datasets
- A description of any restrictions on data availability

- For clinical datasets or third party data, please ensure that the statement adheres to our policy

Source data are provided with this paper. Other datasets generated and/or analyzed during the current study are available from the corresponding authors upon
request. Due to their large size, individual raw image files are available upon request. upon request from J.B. or D.J.H., who will respond within 30 working days.
dalUXendins are subject to a Material Transfer Agreement and ability to manufacture and supply. All requests for reagent and data will be handled by J.B. or D.J.H.,
who will respond within 30 working days.

Human research participants

Policy information about studies involving human research participants and Sex and Gender in Research.

Reporting on sex and gender N/A

Population characteristics N/A
Recruitment N/A
Ethics oversight N/A

Note that full information on the approval of the study protocol must also be provided in the manuscript.

Field-specific reporting

Please select the one below that is the best fit for your research. If you are not sure, read the appropriate sections before making your selection.

|X| Life sciences |:| Behavioural & social sciences |:| Ecological, evolutionary & environmental sciences

For a reference copy of the document with all sections, see nature.com/documents/nr-reporting-summary-flat.pdf

Life sciences study design

All studies must disclose on these points even when the disclosure is negative.

Sample size The measurement unit is animal, batch of islets, batch of iPSC-derived islets, or well of cells. Experiments were repeated independently at
least twice, usually with technical replicates. Islet data are reported from at least three separate isolation procedures. iPSC-derived islet data
are reported from at least two separate differentiations. Effect size was determined from pilot studies as well as similar experiments in the
published literature. A priori sample size calculations were performed in G¥Power 3.1.9.2 based upon the expected effect size (d), using a test
power = 0.9, alpha = 0.05 and the difference between two independent means.

Data exclusions  No data were excluded unless the cells displayed a clear non-physiological state (i.e. impaired viability) and/or positive and negative controls
failed.

Replication All findings were replicated across multiple cells, islets and animals, with independent repeats.

Randomization  Samples and animals were allocated to treatment groups in a randomized manner to ensure that all states were represented in the different
experiment arms.

Blinding Data were acquired using imaging setups that performed the measurement independently of the observer.

Reporting for specific materials, systems and methods

We require information from authors about some types of materials, experimental systems and methods used in many studies. Here, indicate whether each material,
system or method listed is relevant to your study. If you are not sure if a list item applies to your research, read the appropriate section before selecting a response.
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Materials & experimental systems Methods 5
n/a | Involved in the study n/a | Involved in the study Qér
|:| |Z Antibodies |Z |:| ChIP-seq @
O
|:| |Z Eukaryotic cell lines |Z |:| Flow cytometry ®}
—
|Z |:| Palaeontology and archaeology |Z |:| MRI-based neuroimaging Ei‘
|:| |Z Animals and other organisms o
|Z |:| Clinical data =
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Antibodies 2
3
Antibodies used INS Cell Signaling Technology Cell Signaling Technology Cat# 3014, RRID:AB_2126503. 3
GCG Sigma-Aldrich Sigma-Aldrich Cat# G2654, RRID:AB_259852. &Y
SST Thermo Fisher Scientific Thermo Fisher Scientific Cat# 14-9751-80, RRID:AB_2572981. <
GLP1R Developmental Studies Hybridoma Bank #Mab7F38, RRID:AB_2618101.
Chicken anti-vimentin Abcam Cat# Ab24525, RRID:AB_778824.
DyLight 488 Thermo Fisher Scientific Thermo Fisher Scientific Cat# SA5-10038, RRID:AB_2556618.
Alexa 488 Thermo Fisher Scientific Thermo Fisher Scientific Cat# A-11001, RRID:AB_2534069
Alexa 488 Thermo Fisher Scientific Thermo Fisher Scientific Cat# A-11029, RRID:AB_2534088
Alexa 488 Thermo Fisher Scientific Thermo Fisher Scientific Cat# A-78948, RRID:AB_2921070
Alexa 633 Thermo Fisher Scientific Thermo Fisher Scientific Cat# A-21052, RRID:AB_2535719
DyLight 633 Thermo Fisher Scientific Thermo Fisher Scientific Cat# 35513, RRID:AB_1965952
Alexa 568 Thermo Fisher Scientific Thermo Fisher Scientific Cat# A10042, RRID:AB_2534017
Dilutions are listed in Supplementary Table 5.
Validation All antibodies have been reported to be specific, based upon one or more of the following criteria: 1) cell-type specific localization; 2)

absence of staining following pre-adsorption with antigen; 3) absence of staining in knockout tissue; or 4) absence of staining in cells
non-transfected with cDNA encoding protein target.

INS Cell Signaling Technology Cell Signaling Technology Cat# 3014, RRID:AB_2126503. Antibody was validated in islets lacking INS.
GCG Sigma-Aldrich Sigma-Aldrich Cat# G2654, RRID:AB_259852. Antibody was validated in PCSK2-/- mice that lack GCG.

SST Thermo Fisher Scientific Thermo Fisher Scientific Cat# 14-9751-80, RRID:AB_2572981. Antibody was validated in tissue from
SST-/- mice.

GLP1R Developmental Studies Hybridoma Bank #Mab7F38, RRID:AB_2618101. Antibody was validated in tissue from GLP1R-/- mice.
Chicken anti-vimentin Abcam Cat# Ab24525, RRID:AB_778824. Validated using western blot as well as specific localization to
astrocytes and vascular endothelial cells.

DyLight 488 Thermo Fisher Scientific Thermo Fisher Scientific Cat# SA5-10038, RRID:AB_2556618. Antibody was validated in mice
that lack SST.

Eukaryotic cell lines

Policy information about cell lines and Sex and Gender in Research

Cell line source(s) AD293 (Agilent, RRID:CVCL_9804).
HEK293T cells (European Collection of Authenticated Cell Cultures, RRID:CVCL_0063).
Human induced pluripotent stem cells (iPSC) (ALSTEM #iPS11).
CHO-K1 (European Collection of Authenticated Cell Cultures, RRID:CVCL_0214).
MIN6-CB4 (a kind gift from Dr Jun-Ichi Miyazaki and Dr Satsuki Miyazaki, Osaka University).
Authentication AD293 cells were authenticated using STR profiling.
HEK293T cells were authenticated using STR profiling.

ALSTEM #iPS11 cells are authenticated at source by testing for expression of OCT4 and TRA-1-60, as well as alkaline
phosphatase activity.

CHO-K1 cells were authenticated at source using DNA barcoding and DNA profiling.

MIN6-CB4 cells were authenticated using GLP1R labelling (beta cell specific marker), as well as insulin staining and insulin
secretion.

Mycoplasma contamination All cell lines tested negative for mycoplasma, with testing performed every 3 months.




Commonly misidentified lines  n/a

(See ICLAC register)

Animals and other research organisms

Policy information about studies involving animals; ARRIVE guidelines recommended for reporting animal research, and Sex and Gender in

Research

Laboratory animals

Wild animals

Reporting on sex

Field-collected samples

Ethics oversight

GLP1R-SNAP/SNAP knock-in mice, generated using CRISPR on a C57BL/6J background,, were used for islet labelling studies.
Homozygous and wild-type littermates were used in a number of experiments.

GLP1RKO/KO mice, generated using CRISPR on a C57BL/6J background, were used for islet labelling studies. Homozygous (GLP1RKO/
KO), heterozygous (GLPIRWT/KO) and wild-type (GLP1IRWT/WT) littermates were used in a number of experiments.

GLP1R-/- mice, generated using CRISPR on a C57BL/6J background, were used for IPGTT studies. Homozygous, heterozygous and
wild-type littermates were used in a number of experiments.

C57BL6/N mice were used for food intake studies.

GLP1R-Cre:tdRFP mice, GIPR-Cre:GFP and GIPR-Cre:GCaMP6 reporter animals (all on a (both on a C57BL/N background) were used
for brain labelling studies.

CD1 and C57BL6/J mice were used as tissue donors for islet labelling studies.

All animals were male and female, 6-14 wks. For glucose tolerance testing, mice were socially-housed in specific-pathogen free
conditions under a 12 h light-dark cycle with ad libitum access to food and water, relative humidity 55+10% and temperature 21+2°
C. For food intake studies, mice were kept on a 12 h light/dark cycle at 20-24°C and 45-65% relative humidity (typically 21°C and
55%).

All genetically-modified mouse lines have been previously well-phenotyped and reported.

No wild animals were used in the studies.

All studies combined males and females, since: 1) no sex-specific phenotype has been reported for any of the genetically-modified
lines used; and 2) male and female tissues were indistinguishable by their chemical probe or SNAP-tag labelling.

Studies are insufficiently powered to disaggregate according to sex, but neither require disaggregation due to absence of phenotypic
and/or labelling differences between the sexes.

N/A
Animal studies were regulated by the Animals (Scientific Procedures) Act 1986 of the U.K. (Personal Project Licences P2ABC3A83,

PP1778740 and PP6526002). Approval was granted by the University of Birmingham, University of Oxford and UCL Animal Welfare
and Ethical Review Bodies (AWERB).

Note that full information on the approval of the study protocol must also be provided in the manuscript.
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