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Abstract Lysosomes, as important organelles in eukaryotic cells, are not only the site of degradation of endog-
enous and exogenous substances, but also the center of cellular energy sensing and regulation, and are capable of coordi-
nating the transport, metabolism and secretion of cellular substances. An imbalance in lysosomal homeostasis can lead to
many diseases, such as lysosomal storage disorders, tumors, immunodeficiency and neurodegenerative diseases. Obtain-
ing complete and highly pure lysosomes is an important prerequisite for the study of their microstructure, homeostatic
regulation and related molecular functions. Currently, commonly used lysosomal isolation and purification techniques in-
clude centrifugal isolation and purification, fluorescence-assisted organelle sorting, affinity immunopurification, magnetic
nanoparticle isolation and purification, and Lyso-IP. This article reviews the principles, characteristics and applications of
the existing lysosomal purification techniques, and makes a comparative analysis of them.
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Table 1 Comparative analysis of existing lysosomal isolation and purification techniques

BARTB S
Technology Basic principles

Pk

Advantages

(9

Disadvantages

Centrifugal separa-
tion and purifica-

tion

Fluorescence-
assisted organelle
sorting

Affinity immuno-
purification

Magnetic nanopar-
ticle isolation and

purification

Lyso-IP

Batch separation based on density, size, and sedi-
mentation coefficient of different organelles

Fluorescently labeled organelles flow through a
high-speed flow system, flow through the detec-
tion zone for measurement, are irradiated by a laser
beam to produce fluorescence and scattered light for
discrimination, and are deflected by an electric field
into different collection tubes

Construction of cell lines stably expressing specific
organelle marker proteins, binding of antibodies
recognizing antigens to solid carriers, and elution to
obtain target organelles

Magnetic nanoparticles are mixed and incubated
with cells, enter the cell via the endocytosis path-
way, localize on lysosomes, and drive the bound
lysosomes to be deflected and sorted under the
action of a magnetic field

It includes three essential steps: constructing cell
lines expressing fusion proteins, fusing tagged
proteins with lysosomal markers, and specifically
sorting lysosomal fractions using immobilized anti-
bodies on solid supports, which selectively bind to
lysosomes and facilitate their separation from other
cell components through techniques like magnetic
separation or centrifugation, ultimately resulting in
the efficient enrichment of lysosomal fractions for
comprehensive analysis and research

Widely used in the separa-
tion of various subcellular
structures, able to achieve
the effect of batch process-
ing, low-cost results
Accurate and rapid sort-
ing of lysosomes preserves
organelle viability and can
be performed under sterile

conditions

Applicable to a wide range
of cell types and growth
conditions, highly maneu-
verable, efficient, com-
plete and pure lysosomes
obtained

Maintain lysosomal integ-
rity and is able to meet the
high purity and quantitative
requirements of histological
analysis and downstream
characterization

Fast and accurate, able to
achieve high purity for
histological analysis, able to
ensure that small molecule
metabolites are retained dur-
ing the separation process

Require high-speed or ultra-speed
centrifuges, collects fractions of low
purity, easily destroys lysosomal
integrity, time-consuming and labor-
intensive

The organelles need to overcome the
shear force of the liquid flow, prone
to organelle fragmentation leading to
lower yield, expensive instrumenta-
tion, need to explore fluorescently
labeled proteins targeting lysosomes

Need for specific design and prepara-
tion of antibodies, which requires
consideration of the affinity of the
antibody, elution efficiency of the elu-
ent, and selection of the solid carrier

It is not guaranteed that the normal
physiological activities of cells will
not be affected, the preparation of
magnetic nanoparticles is time-con-
suming and labor-intensive, and there
is uncertainty in its process factors
High purity cannot be guaranteed with
high throughput, process factors for
solid carriers need to be considered,
and conditions need to be optimized
for different cell lines and culture
conditions
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Tissue culture
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and high pressure crushing

Grinding and
homogenizing crushing

AR I 20 A AN [R B A BT B AR
ﬁ%%?Hﬂﬂi1r1ﬁ9A7i§§kll.?ﬂﬁﬁﬁﬁE@ﬁETLﬁE?§EE$%ﬁ§
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Percoll. Ficoll Il Metrizamide5 8% T il A 12 Fr) 4 48
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e PR B A I B AN [RS8 2 ) 4 B R B 4Rkt AT

WiE , DAL 2 5 X 3 AR S LA I RCR . ASRIRR R
FIAS2EL 43 (R Asr Nl , 388 ¥ A5 FH 2 1 e B R S Bl 4
S LAMPL. LAMP2. 4141 A fl DA IR bR &
T, REREBARL) S SR, I Hidd - o
Mg -1 HEIGEF G B-F U B S B AR AT
RS I AE, SR BRAA (VS AN T2 . Percoll/Su-
crosexe i FHINBREEIR A G, L2 P IR G . ML)
3. MERTRRE , I B RS IRRF A IMBE A G KA L
A%, AL T BN AN R PR X 8] R 243 047 A SV il
PR BT ARSI S BV R 5, DA Vi A = £R 1)
4y, I HARLE FE A A2 WA S5 175 et L) gk
Ho A H a1 LA Nycodenz il Metrizamide A3 HI1 J5i
TERCEE BERRFE , RENS e R FE PRI AR MR I JB /K R
FE | FF AT BV MRAE0.25 mol/L Sucrose 5% 17%-

Transfer supematam/collect precipitate

ALk —y

Centrlfugatlon
Lysosome

Addition of gradient media/stratification

I WVl

il

=

141 000 xg, 90 min, 4 °C Lysosome

Syringe crushing
FERS LAy B A R b, v e A M A GO SR ok, G A . SRS L R R ST IR IRE, ORI A, R AL R AT D
(EZETRES LI o, B e R EISAIURYTIE AT B 0y LB IR B Lol R by, S B FEAS RN AL T8 FE Xy BN R L 8, B A R AL

BRI . Bl i S TE A R R R L 20

In the process of centrifugation purification, cells or tissues are initially collected and then disrupted using methods such as a syringe, homogenizer, or

ultrasound to release their contents. Subsequently, intracellular components are collected and separated through centrifugation. During the differential

centrifugation, lysosomal fractions are obtained by transferring the supernatant and collecting the precipitate. In density gradient centrifugation, frac-

tions are separated from each other based on their densities, as they are positioned in different density bands. Finally, the lysosomal fractions are resus-

pended and precipitated again to complete the purification process.

Bl BiloBardiEEIRTES E Tk 28-29]1220)

Fig.1 Schematic diagram of centrifugal isolation and purification (modified from the references [28-29])
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Cell culture Construction of fluorescent

labels for targeting lysosomes

Laser beam exposure

Sample preparation
el

Collection of intracellular components

Anode

BN R G HES R RAT , BRI X HEAT
SE , OGRS BRI, Bt R Bl R
HIFOCRTEURG , REGAE SRR Bk 5 5o X
Jik S 5 e R RS AR B, DA AN [ (1 4 i 35 2%
o Bk, R, AR08 2 i
FEHENAHRL IR B FE—BEFEHh, T IIAE
KRB M 28 P RS E R IK T 4Lt O PR BAE K
2 i 25 1 B (RMCP-DsRed), FH b %€ S B il
M3 2] 7 aOehRic i - A E R, AR
B OB S R CT . TS B I 4% ik 2>
BB A MERRIE , RECRIFIILAS IS /T, PRI AETE
WA T REAT, (RS & B, DLEGRFRTRNER H 2t
AT TOCHRCRIE IR E B AR FARR N, 280G
DL 2 h B A A 0 e UV AT S T B 244
JRAS IS S I, sl S8 R P 2 B
Wi R Rl 5 AR S/, A4 A 2 (5 7 BRAEIX 2
TR 2, S AL 7 e R I B D) 70 B, JF H
TR BT ) Dy A A , BRI o SO B2
JRAs 7 R AT RE WA 20735 o %A B4 25 731k

Detector for data processing

i

Lysosome

FEF A AN A 7 e R v, S S A TR, SRS SO AR VA A I R A R G, HESIRURAT, BN A I X AT ; AR

IR, TR 2 4 i 5 D18 AT S RSO

In the fluorescence-assisted organelle sorting process, after sample preparation, the fluorescently labeled lysosomes flow through a high-speed flow sys-

tem and are arranged in single rows to pass through the detection zone one by one; the lysosomes are deflected under the action of an electric field and

enter the corresponding collection tubes.

E2 TOtMHBNARaRE ST IR E (RIESE STHK[36-37]122%)

Fig.2 Schematic diagram of fluorescence-assisted organelle sorting (modified from the references [36-37])
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ATPase) V\[FIA. BZ5 IR, [ Jo 8 ik 037 73 1 e 7
PRGBS R R Pl Bk, e 20l 2 IR e AR 2%
B A2 5310 AZEOR T BB A AE T e 1] 5 b 3
FH T 22 Fh 4 g S8 B AN A K 2 A, 45 20 0 248 i 25 4l 52

o9

expressing lysosomal marker proteins

Solid carrier after elution

~_

Elution buffer

Lysosome

Collection of intracellular components

e |

Construction of cell lines L 4

TR, T3 ARABL S P FA AN ) 4 2 % S 1 4 2,
R B 0040 5 BE A% B A AT i B s AR
Bro SEAGRE S B aliAk i A R an B3 BT

SF A G 8 o 25 Al Ak H R T AR S M U TR R A
#UE, TR R PR EROK, 25 Atk g
B HIRE S AR RN, IF HEE A0 2R SR A 1)
PRSI 75 A6 10, 40 SRR S M B R R A
FIRLE R, S BERCR TR S PG, Ak, VR
e T8 2850 S8 R ] A8 A 1 3 38 0 0 T S RE 1 IR R,
FLTE 3T 46 5 1 7 B L B e i (e 5 i
2.4 HEMEPKERL Y B

Fili P 0 K UKL 43 8 A0 R 2 T A R N 7 iR 43
5 3 B EAT BT B R T B, B 4K Bk
TR LW IR IR RN T S £ R LS R
TR AT o U R SR Sk g A o) 2, L BUR R T 2 4
TNCASE AR SR K BB . B0 AR R 0 K S
HEREP M RHTIRA TS, LN FRE
HENBE N, B TIEEEIAR b REYE QR R Fr 45 &
VI B A FE 3 (W A T AT I, S8 I g 23 i s
B0 13 B MU BN B S B A . AR B,

Centrifugation to remove cellular debris

and other component

P

Solid carriers carrying
specific antibodies

Mixed incubatio

Isotonic buffer ] :
Solid carriers recognize lysosomes

FESR RS oy BS AU R v, T S SISO VAT b 6 B 1 RO A R, SO 0 3R A 2 PR L A A2 7 R 88 i R S M A £ D 4 A A

LA AL IR I T, BRSPS 2 H A A

In the affinity immunopurification process, cell lines expressing lysosomal marker proteins are first homogenized and collected, and components such as

cell debris are removed by centrifugation operation; solid carriers carrying specific antibodies are mixed and incubated with intracellular components,

and the target lysosomes are eluted after removing impurities.

E3 FFREDBALERZEARESE CRK39-40112250)

Fig.3 Schematic diagram of affinity immunopurification (modified from the references [39-40])
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ENC ST TN
2.5 Lyso-IP

Lyso-IPHE AR T B A& 2 T e 4 5 e B 4 e MR 1R

Preparation of magnetic
nanoparticles

.

o
e%00
® P ) @ Magnetic nanoparticles

O

ol P DR B I T R T SR, 5 S R S B A AK 4y 8 8
RIE R & B A RIE BRI AT Wi g &, H
EEREHERN TENFEERSEEASER
bR EE AT G RIE, IF B EAEAR A Shr
ZEEE AR A A I, T E AR S R B
KB E R RUR . Lyso-IPiE it 441 ¥y 2 il &
B AFREAM, TRIE T AR E A S ER LS & 0 E R
S, AR EAS T EETFRESER, 15
IY IR, A B T FEM A . Lyso-IPEEAR
VBN — Bl R I e B B AR 1Y ik e Ca 52
TR SR X | WA P ey B I (P U N Pk S
2X FLAG-LAMP1 /@& 85 1, -8 H 7 L FLAGHR
R E MR, /£ ANRIG B 4H W HEK-293 TH 55 A1 45
B A O, X — 5 iR AT I AR e $RIA 3X HA-
TMEMI1 92l 85 [, Al FH 256 AR IR RO AR 1 R Bk 3k
AT SR B SRIA BRI H . Lyso-1P3EA I
FEAESHTR

TR P 235 R ¥ B A A B R 4 oK SR 4

Lysosome |

Magnetic sorting

FERGIEGK IR 73 25 AE A I RE b, 5 St — SR A A 27 vl 9 R I B2 1) 46 O MR M SR RORSE, R 2 THT PT EAT 21K MR BB K A U R 2 oK JkE
ST IR A E STl N S N, IR AL T IE A b SR o3 G R AN KR S B 15 B R IR e A
In the process of magnetic nanoparticle isolation and purification, magnetic nanoparticles are firstly prepared by a series of chemical high-temperature
solid-phase reactions, and the surface of the particles can be hydrophilically or hydrophobically modified; the magnetic nanoparticles are incubated with
cells and then enter the cell through the endocytosis pathway and localize on the lysosomes; the enriched lysosomes are finally obtained by centrifuga-
tion after magnetic sorting.

Eld4  HiMEPRERLS BATIE E (R8BS E Sk [42-43] 1820

Fig.4 Schematic diagram of separation and purification of magnetic nanoparticles (modified from the references [42-43])
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lysosomal marker proteins

Cell culture < Fusion expression of tagged proteins with

Collection of intracellular
components

A 4

Lysosome  Solid carrier after elution

Y L
\/ Z\L‘/\ 4
Oedh

! <
> Elution buffer
p Isotonic buffer

Y
V o . M
p T Mixed incubation WV
+ ,;»:)%( < \_/
e

Solid carriers carrying specific ligands

ELyso-IPIE A o, 5 S i Jak [A] 1R 10 T Bofe bR 28 2 19 15 W A AR 36 A AT R 6 2 WL A AL 20 5 AV A 5 85 ol S P TR A S 1

IRERARGE &, ZBRABRE VLA 2 H 9R B A .

In the process of Lyso-IP, the labeled protein is first genetically engineered to be fused with a lysosomal marker protein; after collecting the intracellular

components, the target lysosome is bound to a solid carrier carrying specific ligands, and the target lysosome was eluted after removing the impurities.
&5 Lyso-1PiTFEEI(AR#ES £ Tk [46-47]1529)
Fig.5 Schematic diagram of Lyso-IP (modified from the references [46-47])
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