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An Improved Trypsin Digestion Solution and Its Application

XIA Qing*, ZHANG Yugqing®, YU Feng, TONG Ying, WU Jun*
(Cell Bank, Center for Excellence in Molecular Cell Science, Chinese Academy of Sciences, Shanghai 200031, China)

Abstract This study aims to provide an improved trypsin digestion solution and explore its advantages
and more applications in cell digestion by comparing it with 0.25% trypsin, trypsin-EDTA (0.25%), and citric acid
trypsin. The stability, timeliness, and digestion ability changes of the improved trypsin digestion solution under dif-
ferent storage conditions were evaluated by measuring pH values and observing the degree of cell digestion under
a microscope. The dispersion effect between cells and the effects on cell survival rate, proliferation rate, and adhe-
sion after overdigesting cells were verified by calculating the intercellular dispersion rate, trypan blue staining, and
CCK-8 cell proliferation detection experiments. The results showed that under different storage conditions, the pH
value change range of the optimized trypsin digestion solution was the smallest and its digestion ability was the

most stable. Compared with 0.25% trypsin, the optimized trypsin digestion solution could significantly increase the
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intercellular dispersion rate. Compared with trypsin-EDTA (0.25%), when overdigesting cells, the improved trypsin

digestion solution could significantly reduce the cell mortality rate and significantly increase proliferation rate, and

adhesion ability. These results indicate that the improved trypsin digestion solution has significant improvements in

terms of storage timeliness, stability, and digestion ability. Moreover, it has a better dispersion effect between cells

and causes less damage to cells, and has significant advantages in nourishing and stabilizing experimental cell lines

and promoting rapid adhesion and proliferation growth of cell lines after passage. This also provides a more suit-

able cell digestion solution and technical support for experimental cell lines requiring continuous passage culture,

cell clinical transformation therapy, counting experimental cell lines, and single-cell research.
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Table 1 Composition of 100 mL trypsin digestive liquid 1-6

(% g1 %52 %53 %54 55 %56
Component Number 1 Number 2 Number 3 Number 4 Number 5 Number 6
Trypsin /g 0.250 0.250 0.250 0.250 0.250 0.250
Sodium citrate /% 0.100 0.200 0.300 0.400 0.500 0.600
Polyvinylpyrrolidone /% 0.500 0.500 0.500 0.500 0.500 0.500
Sodium chloride /g 0.800 0.800 0.800 0.800 0.800 0.800
Potassium chloride /g 0.020 0.020 0.020 0.020 0.020 0.020
Disodium hydrogen phosphate /g 0.142 0.142 0.142 0.142 0.142 0.142
Potassium dihydrogen phosphate /g 0.027 0.027 0.027 0.027 0.027 0.027
1% phenol red /mL 0.150 0.150 0.150 0.150 0.150 0.150
Glucose /g 0.100 0.100 0.100 0.100 0.100 0.100
Distilled water /mL Supplementto  Supplementto  Supplementto  Supplementto  Supplementto  Supplement to
100 mL 100 mL 100 mL 100 mL 100 mL 100 mL
pH 7.6 7.6 7.6 7.6 7.6 7.6
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HEIR: T4 °CIRE3T CCIRAT 441, B R IR AR
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AL BE F1 ) B2 T 0.25% B (B . 4 DU Rk
B AR WRAEAE 37 °CAERT, MR R

200 um SR 000

A NEH @ 20 HCT-8 40 1E # RAUE A K B: NI H M@ 40 HCT-840 i 1E# RAUE & RS E; ¢ ANHTE R RHCT- 84l 4K 1

T 5 73 519 1~65 IR A 1 B AW A 10 min S (1 2 0B A5 1 o

A: normal microscopic morphology of HCT-8; B: locally magnified microscopic morphology of HCT-8; C: microscopic morphology of HCT-8 digested

with trypsin solutions numbered 1-6 as described in table 1 for 10 minutes.

1 AESEMAMHCT-84ME R TR S H1~6S R EBEELRIEK10 mingi /5 ERESE
Fig.1 Microscopic morphology of HCT-8 cells digested with trypsin digestion solution 1-6 for 10 minutes
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Table 2 pH values of trypsin digestion solutions with different formulations stored at room temperature and 37 °C for 1-3 weeks

KAF o R B A MEEAGPHE AT HIE 0.25% I8 H fiFpHAE i 2 1 i§-EDTA(0.25%) pH1E

Condition The pH value of the op- The pH value of the The pH value of the The pH value of the trypsin-
timized trypsin digestion citrate trypsin 0.25% trypsin EDTA (0.25%)
solution

Room temperature 7.6 7.6 7.6 7.6

Store at 37 °C for 1 week 7.5 6.8 7.4 7.4

Store at 37 °C for 2 week 7.4 6.4 7.2 7.1

Store at 37 °C for 3 week 7.4 6.0 7.0 7.1

A (B) © (D)

0 min

3 min

500

5 min

8 min

21 pi,ﬁ : 0 pm 200 im

_—

A FRAFAEA °CIN 4 B AR AR 1 AR AL 20 79 f8 AL HC T-8 41 B0 mins 3 min. 5 min. 8 min/ii BT R IEA K B: (RAL1ES CCIAT 5 R IR /) 51V
LHCT-84110 min. 3 min. 5 min. 8 min/& M RHILAE,; C: fRIF1ES °CHF0.25% 8 (I /3 574 AL HCT-840 /0 min. 3 min. 5 min. 8 min
JE W RHUEES Bl D: ARAFFE4 °CI R EE A BF-EDTA(0.25%) 73 il JH AL HCT-84H 0 min. 3 min. 5 min. 8 min/i5 M RHUERE .
A: microscopic morphology of HCT-8 cells digested with the improved trypsin digestion solution at 4 °C for 0 min, 3 min, 5 min, and 8 min; B: micro-
scopic morphology of HCT-8 cells digested with citrate trypsin at 4 °C for 0 min, 3 min, 5 min, and 8 min; C: microscopic morphology of HCT-8 cells
digested with 0.25% trypsin at 4 °C for 0 min, 3 min, 5 min, and 8 min; D: microscopic morphology of HCT-8 cells digested with trypsin-EDTA (0.25%)
at 4 °C for 0 min, 3 min, 5 min, and 8 min.

E2 AEE A RS BEEHRIRTFES °CRixt A\ EIS i M HCT-840/8 53 Bl 725 4.0 min,

3min, 5min. 8 min/5HIEME NAMEBARFSE
Fig.2 Microscopic morphology of HCT-8 cells digested with different formulations of trypsin digestion

solution stored at 4 °C for 0, 3, 5, and 8 minutes

P AT ) T A R 0 U B B T AT IR IR e, (S B AL R A 81 S e 40 R HCT-8 . A AT 41 i
JiRER Al -EDTA(0.25%)FH LL = AN K. BIf#fE37 °CFR Hep G2. A4 E e b R 20 DLD-1. 4 B 4t g
B G A, SR KR AR AE S MDCK(NBL-2)Z PU R0 A HEA T 38 FE 4 4L (2~30 min A
T HCT-8 B A — & 4t ML AL BE T &, ), ik B0 B R A AR T 0.25%
2.3 MRBREREERERIE S EEN R o R 11 A9 A B LA DO R A B 1 o O ROR .

3 I A A R R AR BT AR T B 0.25% R 645 B SR - o5 R 1 i A 1 I A BN 4 ) 4 i
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w @B (© (D)

0 min

200 pm : 200 u.m

5 min

200 pm|

8 min

200 pm

3 7 7200 pm|

A ARAFAEST °C 1 Jim Bl R 1 B 2R PR A3 23 S AL HC T-841 0 min. 5 miny 8 min. 10 min/i [F) R A, B: (RAFIE3T °C 1A J by R AR Ak
A5 AL HCT-841 20 min. 5 min. 8 min. 10 min/5 MR HIEAE; C: RAETEST °C 1Hf50.25% B E AR/ 3 /L HCT-841/0 min. 5 min.
8 min. 10 min/i5 [{] EIEA Kl D: RAFAE37 °C 1)# )5 I 2R A iE-EDTA(0.25%) 43 HIVE AL HC T-8 41 20 min. 5 min. 8 min. 10 min/& (1) S MIE & E .
A: microscopic morphology of HCT-8 cells digested with the improved trypsin digestion solution after being stored at 37 °C for one week for 0 min, 5 min,
8 min, and 10 min; B: microscopic morphology of HCT-8 cells digested with citrate trypsin after being stored at 37 °C for one week for 0 min, 5 min, 8 min, and
10 min; C: microscopic morphology of HCT-8 cells digested with 0.25% trypsin after being stored at 37 °C for one week for 0 min, 5 min, 8 min, and 10 min; D:
microscopic morphology of HCT-8 cells digested with trypsin-EDTA (0.25%) after being stored at 37 °C for one week for 0 min, 5 min, 8 min, and 10 min.
E3 FREHREEAEETRRELIT °C 1A AESHEAMHCT-840 5 B 7EH 1L
0 min. 5min. 8 min. 10 min/FHYEME T HAEEARTE
Fig.3 Microscopic morphology of HCT-8 cells digested with different formulations of trypsin digestion
solution stored at 37 °C for one week at 0, 5, 8, and 10 minutes

N[ 1K 98.5%, T 0.25% IR IR AL 4l fAiE . BI7E5 R o R A e AR AE
ML/ B0 (44.7%), B 8em 7 S HAMMIM e 3k BV A 40 5 40 P A7 28 AT 98.5%, i ki
., filF-EDTA(0.25%)2H (1) 40 f A7 7% % R 75.7%~84.6%,
24 WRBREAECRDEECHEBEITMEEE R ISR R R B0 A A BN, AT
BFEENMN EPE AL Ak S5 A7

EDTAE N AREHE L F o8& e 2.5 MREEZEABEERTEELMEE M
FEENZ —, MUTEET M e Rl EEERNE
b LG R A R, K BT A0 3 2 0 41 A 3 AR FHMRENEEAlEAE . BEO
— S (BT, TR A0 M S S N BE K AR K TE B -EDTA(0.25%) % N R R AT 4E AR BY . N IE
PEo AW R R E C A AR i R 4ER BEAS-2B. ) 'E 41 i MDCK(NBL-2).

1 -EDTA(0.25%) %) K RO LA M H9c2(2-1) A
1E il R 20 B BEAS-2B . A B Jbk 4T 4E 4 A B
N SVA0RE R FUMR - B 4i s HBL-100. A H
S0 2 i HeLa%s F R0 40 B 3E 47 3 BV 4k (1~2 h A
S5, P 7), T8I E W VA G CE A I 7 A S 6 4 i 1

KL LT HOc2(2-1)%5 DU R 41 i 3t 473 B W 1
(1~2 hAEE) 5 43 AL AR EE 72 4224 h. 48 h. 72 h. 96 h,
T I CCK-8 201 A 4 5 S 56 b A8 o B 1) e i 1 R v 4k
V00 I J 2R (1 -EDTA(0.25%) 7E 35 B2 W A 40 i Jim ot
2 0 184 L RE T IR (1 8) . I 8SEZIR AN R - ik



84 CHEARET

(A) (B) © (D)

0 min

200 pn 200 pm 200 pm

8 min

2 : X ) 200:pm

12 min

o)
O

2 200:pm 200 am

A TRAFAE3T °C 2J8 JE B R AR (I A3 3 AL HC T-841 10 miny 8 min. 12 min/5 IR AE; B: (RIFAE3T °C 28 JEia ik )
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A: microscopic morphology of HCT-8 cells digested with the improved trypsin digestion solution after being stored at 37 °C for two weeks for 0 min, 8 min, and
12 min; B: microscopic morphology of HCT-8 cells digested with citrate trypsin after being stored at 37 °C for two weeks for 0 min, 8 min, and 12 min;
C: microscopic morphology of HCT-8 cells digested with 0.25% trypsin after being stored at 37 °C for two weeks for 0 min, 8 min, and 12 min; D: micro-
scopic morphology of HCT-8 cells digested with trypsin-EDTA (0.25%) after being stored at 37 °C for two weeks for 0 min, 8 min, and 12 min.
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Fig.4 Microscopic morphology of HCT-8 cells after digestion with different formulations of trypsin
digestion solution stored at 37 °C for two weeks at 0, 8, and 12 minutes
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A: microscopic morphology of HCT-8 cells digested with the improved trypsin digestion solution after being stored at 37 °C for three weeks for 0 min, 8 min, and
12 min; B: microscopic morphology of HCT-8 cells digested with citrate trypsin after being stored at 37 °C for three weeks for 0 min, 8 min, and 12 min;
C: microscopic morphology of HCT-8 cells digested with 0.25% trypsin after being stored at 37 °C for three weeks for 0 min, 8 min, and 12 min; D: micro-
scopic morphology of HCT-8 cells digested with trypsin-EDTA (0.25%) after being stored at 37 °C for three weeks for 0 min, 8 min, and 12 min.
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Fig.5 Microscopic morphology of HCT-8 cells digested with different formulations of trypsin digestion
solution stored at 37 °C for three weeks at 0, 8, and 12 minutes
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A: microscopic morphology of cell suspensions from normal digestion of HCT-8, Hep G2, DLD-1 and MDCK (NBL-2) cells using the improved tryp-
sin digestion solution; B: microscopic morphology of cell suspensions from normal digestion of HCT-8, Hep G2, DLD-1 and MDCK (NBL-2) cells us-
ing 0.25% trypsin solution; C: comparison of intercellular dispersion rates after normal digestion of HCT-8, Hep G2, DLD-1 and MDCK (NBL-2) cells
using the improved trypsin digestion solution and 0.25% trypsin solution (ns: no significant difference; significant differences: *P<0.05, **P<0.01,
*%P<0.001).
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Fig.6 Microscopic morphology and comparison of cell dispersion rates after normal digestion of HCTS8, Hep G2, DLD-1, and
MDCK (NBL-2) cells using optimized trypsin and traditional 0.25% trypsin
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A: trypan blue staining results of H9¢2 (2-1), BEAS-2B, BJ, HBL-100, HeLa cells overexposed with optimized trypsin; B: trypan blue staining results
of H9¢2 (2-1), BEAS-2B, BJ, HBL-100, HeLa cells overexposed with trypsin EDTA (0.25%); C: comparison of cell survival rates of H9¢2 (2-1), BE-
AS-2B, BJ, HBL-100, HeLa cells overexposed with optimized trypsin and trypsin EDTA (0.25%) (ns: no significant difference; significant differences:
*P<0.05, **P<0.01, ***P<0.001).
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Fig.7 Trypan blue staining results and cell survival rates of H9¢2 (2-1), BEAS-2B, BJ, HBL-100, HeLa cells overexposed with
optimized trypsin and trypsin EDTA (0.25%)
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A-D: cell proliferation rates of BJ, BEAS-2B, MDCK (NBL-2), H9¢2 (2-1) cells passaged and cultured for 24 h, 48 h, 72 h, and 96 h after over-diges-
tion with the improved trypsin digestion solution and trypsin-EDTA (0.25%), as determined by the CCK-8 cell proliferation assay. (ns: no significant
difference; significant differences: *P<0.05, **P<0.01, ***P<0.001).
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Fig.8 Cell proliferation rates of BJ, BEAS-2B, MDCK (NBL-2), H9¢c2 (2-1) cells overexposed with optimized
trypsin and trypsin EDTA (0.25%)
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A: microscopic morphology of BJ cells after excessive digestion with optimized trypsin at 24 h, 48 h, 72 h and 120 h of culture; B: microscopic mor-
phology of BJ cells after excessive digestion with trypsin EDTA (0.25%) at 24 h, 48 h, 72 h and 120 h of culture.
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Fig.9 Microscopic morphology of BJ cells after excessive digestion with optimized trypsin and trypsin EDTA (0.25%)
at 24 h, 48 h, 72 h and 120 h of culture
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A: microscopic morphology and locally magnified images of BEAS-2B cells after excessive digestion with optimized trypsin at 24 h, 48 h, and 72 h of
culture; B: microscopic morphology and locally magnified images of BEAS-2B cells after excessive digestion with trypsin EDTA (0.25%) at 24 h, 48 h,
and 72 h of culture.
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Fig.10 Microscopic morphology of BEAS-2B cells after excessive digestion with optimized trypsin

and trypsin EDTA (0.25%) at 24 h, 48 h, and 72 h of culture
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A: microscopic morphology and locally magnified images of MDCK (NBL-2) cells after excessive digestion with optimized trypsin at 24 h, 48 h of
culture; B: microscopic morphology and locally magnified images of MDCK (NBL-2) cells after excessive digestion with trypsin EDTA (0.25%) at 24 h,
48 h of culture.
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Fig.11 Microscopic morphology of MDCK (NBL-2) cells after excessive digestion with optimized
trypsin and trypsin EDTA (0.25%) at 24 h and 48 h of culture
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A: microscopic morphology and locally magnified images of H9¢2 (2-1) cells after excessive digestion with optimized trypsin at 24 h, 48 h, and 72 h of
culture; B: microscopic morphology and locally magnified images of H9¢2 (2-1) cells after excessive digestion with trypsin EDTA (0.25%) at 24 h, 48 h,
and 72 h of culture.
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Fig.12 Microscopic morphology of H9c2 (2-1) cells after excessive digestion with optimized
trypsin and trypsin EDTA (0.25%) at 24 h, 48 h, and 72 h of culture
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