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Abstract

Intestinal stem cells (ISCs) continuously generate new daughter cells to maintain intestinal function; during
aging, ISC function declines and causes intestinal dysfunction. Mitochondria are a powerhouse of the cell,
and their morphology changes during stem cell differentiation, suggesting that mitochondrial morphology
is associated with stem cell behavior. However, if age affects mitochondrial morphology in ISCs remains
unclear. In this study, we used the UAS-Gal4 system combined with immunostaining and found that
mitochondria were more fragmented in aged ISCs. To improve the resolution of mitochondrial imaging for
rigorous analysis, we utilized the expansion microscopy method to expand ISCs about 2.5-fold in
combination with mitochondrial immunofluorescence labeling. Our results showed that ISCs could be
expanded without disrupting mitochondrial structure. With this simple and inexpensive method for
nanoscale optical imaging of mitochondria, in the future we can better understand the effects of age on
mitochondrial morphology, and probably mitochondrial cristae structure, in stem cells, and hopefully have

in-depth investigation and medical applications.
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(Z) UAS-Gal4 (upstream activating sequence-Gald) Z 4%

UAS-Gald Z &> A AR SRR B s b - o] e H AR R R (B =) -
FRAREET » BRI escargot (esg)-Gald F1 UAS-su9-glp HAZTE B a4 4HAEA EC
K¢ EB HYRTSBAHAL T AR GREG © ese-Gald jE% Gald HYRIRAZE] ese FLNRIENT-HYH
2 o Su9 FERRRAIKERIERE © £ Su9 EH AT EA mitochondrial matrix leading
peptide CEAK) - &7 Sud 2B H #E AKIERESAE N - [fi4E Sud 2 B HY&Im AT L GFP
(green fluorescent protein) Z& HEYFH! > BT LATE Su9-GFP #E ARIARASHT » SR I ARAE T
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HRAIRY 32 (EEEHIES B nES A E DIRTE RS LR PrE & - e H
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(D) RIEH
1. 10x Phosphate Buffer Saline (PBS)
(UniRegion Bio-Tech; #UR-PBS001-5L)
2. 16% Paraformaldehyde (PFA) (Alfa Aesar; #50-00-0)
3. Mouse Green Fluorescent Protein (GFP) primary antibody
4. Triton X-100 (Sigma-Aldrich; #9036-19-5)
5. 5% Normal Goat Serum (NGS)
6. Mouse Green Fluorescent Protein (GFP) secondary antibody
7.4 6-diamidino-2-phenylindole (DAPI) (Sigma-Aldrich; #28718-90-3)
(Z)EERE ~ HAE ~ UK
1. Acryloyl X-SE(AcX) (Life Technologies: #A20770)
2. Sodium acrylate (Sigma-Aldrich; #408220)
3. Acrylamide (Sigma-Aldrich; #49099)
4. N-N" -Methylenebisacrylamide (BIS) (Sigma-Aldrich; #M7292)
5. Sodium chloride (MERCK; #7647-14-5)
6. 4-Hydroxy-TEMPO (4HT) (Sigma-Aldrich; #176141)
7.N,N,N" N -Tetramethylethylenediamine (TEMED) (Sigma-Aldrich; #T7024)
8.Bovine serum albumin (BSA)
9. Poly-L-lysine solution (Sigma-Aldrich; #25988-63-0)
10. Ammonium Persulfate (APS) (Sigma-Aldrich; #A3678)
11. Triton X-100 (Sigma-Aldrich; #9036-19-5)

12. Ethylenediaminetetraacetic (EDTA) (Sigma-Aldrich; #60-00-4)
11



13. Tris (Base) (J.T.Baker; #77-86-1)
14. Proteinase K (Pro K) (New England Biolabs; #P8107S)
(PO)H
1. Zeiss LSM 900 confocal laser scanning microscope (Ziess, German)
2. airyscan (Ziess, German)
(TOEE fe Bt
1. imagej (version: 1.53t, from National Institutes of Health)
2. Imaris(version:9.9.1, from Oxford Instruments)
3. Photoshop(version:24.1.1, from Adobe Inc.)
4. Excel(version:21, from Microsoft)

5.GraphPad Prism (version:8.3.0, from GraphPad Software Inc.)
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1.1IxPBS : 7 Sml #Y 10xPBS £ 45ml Y ddH.0 ¥ EEE » BN 4C -
2.PFA+1xPBS [ElEA& * K 125ul #Y 16%PFA+375ulHY 1xPBS H* -
3.9PBST:20ul #Y 0.1%Triton+18ml #Y 1xPBS+1ml HY 5%NGS -
(DEBE
17E 1xPBS Hrfigi] & = & IR 1 -
(DPBS REFRA; SRS N ERET - W (- SRR B SH AR ERST -
2B HHRG T BRI 8 THE2R5 T - IO PFA+1xPBS BEIEZR F 2 /NKf > B E -
(1PFA R5l575Ie 7
3. 1xPBS = REHE - F 15 438 -
()PBS AI{E BB ENAR - I FIREREEY) -
A aHE S 2 — 2R biEEd (1ul Primary Mouse GFP antibody+499ul PBST) » B 4°C H
&R BUAKR
5.8 IxPBS /L= » R 1S5 77 -
6.0 2.5ul Y Biotin+497.5ul iy PBST » BN 4°C 5% » HUB®E
(1)Biotin £ AT HREHTE EHUASHY —4REES
7.8 IxPBS JERR =R > R 1S5 538 -
S 2.5ul /9 Streptavidint+497.5ul /5 PBS » B 4°C th45% » HUE®R
(DStreptavidin FJ#E{E Biotin k. » #FH ARG -
O.F IXPBS JEAR =R » FR 15 708 - ffg—IOF R
1ul DAPI+499ul 1xPBS -
(DDAPI FTEEE 4R -
10. °] R 4H & 7 B R A A H e R s 22 AR AR E R - BSOS R AH AR
FIFDAT AR - FIFZKBERB R AH SRR A -
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1.Acryloyl-X SE(AcX):5mg Acryloyl-X SE in 500ul DMSO
2.5tock X: 2.25ml Sodium Acrylate+0.511ml Acrylamide+ 0.75ml
N.N" -Methylenebisacrylamide+4ml Sodium chloride(SM)+10x PBS 1ml+0.889ml water
3.Gelling solution: 188ul Stock X+2ul 4HT+4ul TEMED+ (4ulAPS)
(DOEBRE
LA EAFaYAHSER - IOA Sul AcX+495ul PBS H » BN 4°C H#£R - BUATE -
(DACX — i o] B RE R4S & - 55— o] /K GBS & o [ElE & EEHTR -
2. 1xPBS e =& > B 15 7
3.F BSA B tube > FAHERIA tube H
(D& 7B BRI EEE | -
4IIAARE APS #Y Gelling Solution > FEE 30 7388; FERFAER / _ERE EEIFRAGAR - 7ERE
A EIAA Poly-L-lysine » JIEAE 55°C » #ZEEFFE —55
(1) J0A Poly-L-lysine R ffGE EEEH H E
(2) Fe A APS E i R AT IR AR AR I B {F S (S K PR ERRE -
555421 tube HRER Y > FUERIRE FEFES > A 8ul Gelling solution (14
APS) fEEIERALAK E - AAFEH A B0 E 2ul Gelling solution (1% APS) » B
FEE R B
(DI APS 1E FsstiB (e RS » (05 & BEA8 Sodium Acrylate ~ Acrylamide Bi%E
G NN -methylenebisacrylamide 254 K7 f& -
6.1F3 F FEENI_E—%E Gelling solution * fFZ35 NHFE 3 /NI
(DEEE R EERER A E
THTIR REER R BUN - BEREERAGAR > A digestion buffer FYZKR FEHEHEHKEE
BEFE AdE R 0 A 15ul BY Proteinase K+1485ul /Y digestion buffer » 1T 25 5%
24 N -
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(1)Proteinase K I V) EIHESFEI ARG RS - (HAHARAE S 47 s A5 5
B RHEE M HUR AT - IIAUK » EHRZAR - f1=2R > B30 7088 » AFER R
HEZ ©
0K IBHVKEB 2RI R | BRI R T T -
BRI BT
(—)iiE
1. {68 FH L E SR B B B 2 SR MBS i R SRR s 1 -
2.{# ] airyscan 5 BIRTE FAK ©
3] image j EITGREE (E/L)
4. F excel BFETERASIRECEE 12K - WisTREHII9ME ~ 2 - AHEE

5.{5 A Prism 48 #U[EZ= -

»Raw Image

Subtract background
Adjust threshold

»Calculate mito area

Skeletonize ‘
.

»Calculate mito length

Skeleton analysis‘ -

Il *Junction
»Branch length

B *End point number

» Calculate longest shortest path
End points

LR B A
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