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Abstract
Age-related neurodegenerative diseases are closely associated with mitochondrial dysfunction. It is
known that ribonucleotide reductase M2B (Rrm2b) plays a crucial role in assisting mitochondrial
gene synthesis, repair, and maintenance. In this study, using ribonucleic acid interference technology,
we reduced the expression of Rrm2b to investigate its effects on mitochondrial DNA content, cell
morphology, and function in different types of central nervous system cells. The results show that
decreased expression of Rrm2b does not affect mitochondrial DNA content but leads to a decrease in
respiratory efficiency and an increased tendency for neural cells to differentiate or even de-
differentiate. Additionally, the expression of Aquaporin-4 in astrocytes increased by 165%, Glucose
transporter 1 expression increased by 27%, and Glutamate-ammonia ligase expression decreased by
22%. Therefore, the low expression of Rrm2b enhances the transport function of astrocytes, while
slowing down the synthesis of glutamine, resulting in a slowed ammonia metabolism. These

abnormalities in astrocytes may be one of the reasons for impaired brain function.
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LI A RZELSY SRR R R LEPMY K2 defF
7 i ~ 3 %1% 3% (Hancock, Finkelstein, & Adlard, 2014) o % i #7113 = a3 3 T
B - PSR AR RS R K G M A PopE R B Ry M2B
(Ribonucleotide reductase M2B;Rrm2b) 7% 3. 1] ¢ B2 54> 448 DNA (mitochondrial DNA,
A MIDNA) 2 iz 4p (Chenetal., 2019) » FJpt » AR BRF F BERA Tw
¢ ¥ i Rrm2b A F1# 77 (Rrm2b Knockdown, ™ f§ #i2 5 Rrm2b KD) » 12 2 41 * g8 ¢} 32

£ e SRCRR S e PR 0 BB RIM2b A P ee 4 £ g #31 Rim2b 4
Fliak i@ stk igend & o T3 D TR Rrm2b A Flak & frid e A L BV A
ig”f‘!—%t“l’u}]’;‘; B Sk o

3B en

(-) * AFRF DS FHRM2D v LMEE N DRBEH RS L DR
(C)YBRZE2FP fRstmre? caRm2b & % s » H A5 e g o

() HFHi gwwez 5 kW iwme? Rrm2b £ ' 178 > H me s iy 2. 23 o

CETFR

L ¢ Rdl gk Sp him e f AT
PP enimie iR R A F A G A K (neuron) & A g8 e (glial cells) o

W hme § 5T R A SR TS g 0 dofloRpt s bR
T gl A pa el LA BB A g e B E F A e
AN s R ER > B A s E oA SR e T LR ERZEL B
fw¥e (macroglia) ¥ jc™% sm¥z (microglia) @ E e v £ kw i w4 5 ERG
fm* (astrocyte) -~ % %% w* (oligodendrocytes) - % ¥ "iw*z (ependymal
cell) -



Types of Neuroglia

Central Nervous System Peripheral
Nervous System

Ependymal cells Oligodendrocytes 4

Satellite cells

W LA 5w cnflff: A 5w v 4 5 & Kk wre (astrocyte) ~ & R B e
(oligodendrocytes) ~ % ¢ "iwm?e (ependymal cell) ~ #c#% %z (microglia) & - *F g% #
iv &3 7 ¢ (Blausen.com staff,2014) -

2. ¢ FRA S R SLP enfmie H A

(1) #! Fxre (Neuron)

Wi ol a &) MR~ e Rl HER 0 MR RS

bt

B

(Synapse) » % A Giwre § R PHITE WA Sw Rd P g BB R B
FIER o A e e Pt 0 B9 T e ARk
I T AR - R 747 E g v (Blausen.com staff,2014) o & F s st it
* ol S e 5 N2a o
(2) & 2595 e (Astrocyte)
B AWk e chi B F i R A S mr n FAE 0T o B PV IR
R BA SRES T T gm s AT kAR ~ BRI 5 2 R
FEP AT g Fpt o B R mre WA A2 MR L&
# ¢ (Blausen.com staff,2014) - * §f 2 7i¢ * 0% J " P 5 C8-DIA o



(3) #c*% vz (Microglia)
WP hmie chi B # gy ARE S e T oo 0 U Y R
SR ek BB B RTIS NY FATG R g AR
Y Rt himPe o L A G A Ha Y B i e B g % 1F
ﬁaﬁﬂ’ﬁéim%%ﬁ’%ﬁ4ﬁ}é?mﬁok%&%mw@%?é
hi g F T ERhE 4 0 FLBE T R S EE € A2 § g ahR
fg o @ e mre v o B Re e AR 2 T (Blausen.com staff,2014) -
(=) Rrm2b & F]z 3tk il cnd & (4
Rrm2b 3-v ¥t 3 iR m e (Ribonucleotide reductase,RNR) @ ca# @ —
BFEA B &t A ? 4§ PRz B (dANTP) g > A
dNTP £_ DNA 4 2 344 5 & & chRfl o Rrm2b B i & £ 4204 3% & dNTP 2451
B DNA iFAF B B4R » o vhe A 740 Rim2b g e ey v 4
(reactive oxygen species, ROS) 7 £ ™ 2 F 0 A v 8 iy o PR ¢
i B AHEBN o FafFier s 2 I ELMETHE R E > TP
Rrm2b A Fleidh & 7 ic § 3¢ = 7938 ~ T ’%%a?""ﬁé‘i? S T BE B
% > Bl4e Rrm2b 2 Flak £ 934 3 st DNA 3 2 g i3 (RRM2B-MDS,
mtDNA depletion syndrome) » ¢ i = j& B8 SOpF 8 B 4 cn® 74 0 P ~ 9osk 4 T s
FTBE PR PR 2 BT N B S G AR
A4 44 F (Fumagalli et al., 2022; Keshavan et al., 2020) -
(2) ARS8 p o
PRI RSN e B AR RB FU R AR M R Y g
P LR B Aa B A m Y o AT R DNA chE & > Ty #
oo B35 AR R AR Fl R s T p e B A S el
Bk 2R mfi}}% P T LR IR AU DNA b o S aiE 2 g o el 5 03K
L VR llia’a 4B RS DNA hE RS EIRH L > F }i.:)ﬁa—%?h‘iifﬁwg DNA z_ R
i Tk | % > e, (Filograna, Mennuni, Alsina, & Larsson, 2021) o p # & Fjp]
B MM DNAZRE S Een> 2 Ep|Rwed 2 cF (L pr 285 & (cytochromec
oxidasell,COXII) % 18s 1% pE 4% RNA (18s ribosomal RNA,18s rRNA) 2. & £ & e»
v i@ (Filogranaetal., 2021) » COXII &k s %8 7 & @ vidad et e gy £ 1V
(Complex IV) # ¢ — £ DNA » F]pt - COXIIF % #4504 DNA 7 € cdp ik A )
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18srRNA (7 DNA % w2+ DNA» 22 5 pimiz® » A —‘ﬁ ERCREA s o N

$ o0 W T L0 el R 1R 28 (Hayashi, 2019) o b ¢b » 4048 DNA % L e

=
wR
|

€A COXIATR 7 A1 > & DNA B4f 3 Flerpad 3 —CpG & 2%

N

» % B X &b & (Xuetal., 2021)

% 1A 52 288 DNA 2 R B © (Filograna et al., 2021)

Disease Sample type mtDNA levels Quantification method References

Ageing Lymphocytes Down WGS [112]
Blood Down qPCR; qPCR; WGS; qPCR; gPCR [113-117]
Heart Unchanged qPCR; SB [118,119]
Skeletal muscle Unchanged gqPCR; SB [118,119]
Skeletal muscle Down NGS and ddPCR [120]
Liver Up NGS and ddPCR [120]
Caudate nucleus Unchanged SB [118]
Frontal lobe cortex Unchanged SB [118]
Cerebellar cortex Unchanged SB [118]
SN? Up gPCR [121]

PD SN* Down qPCR; gPCR [121,122)
Cerebellum Unchanged WES [124]
Cerebellar cortex Unchanged WES [124]
Frontal cortex Unchanged gPCR [123]
SN Down qPCR [123]
Blood Down gPCR; gPCR [123,127]
CSF Down gPCR [130]

AD Frontal cortex Down gPCR [109]
Cerebellum Unchanged gPCR [125]
Cerebellum Down WES [124]
Hippocampus Unchanged gPCR [125]
Hippocampus® Down gPCR [128]
Cerebellar cortex Down WES [124]
Blood Unchanged gPCR [125,128]
CSF Down gPCR [129]

“Analyses were performed on microdissected neurons from these specific brain regions
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P E Rk inre 2 e § e L Type l ent AR 1 o 3 ke te e hoth

B T3 (TNF-0) 0 o8 fn%e ek & B 04 Bokk > @ @ @4 iSinis £ 4f &

-
i
3

Type 2 i4 /€ P E_tedd 5 im %% IR o PEIR A 0 2 4R B AR S R e o W
B Gt R a4 o

Type 1

BXRAF/HEREER

WESRUREN
SRR AT T

EEBRERREM

=]

Type 2 |

W 2. &R iE T W
(=) RNA -+

PR 48 (RNAinterference - 11T @ # 5 RNAI) ¥ i A Rl E
(knockdown) &9 2 - H RIE %3 e ¢ i K 48 RNA (double stranded RNA) »
e R3] E 4a L RNA e Até o fr%g d *» 7 fF (dicer) #-#% RNA & £ 4&
BA AT a0 2% 0 RNA TS E47 £ % (RNA-induced silence complex »
71T i 4 s DISC) ¢ #-9% RNA A %3 3 8 9% RNA » & %3 22 mRNA 4 7
& FHFT IR MRNA S > ¢ % mRNA 2 # H & EE S ek
v o F 3L Fl# E g%k (Pushparaj, Aarthi, Manikandan, & Kumar, 2008) -

RNAI e9= 23 & ¥ & 5 = 48 /| F 4P (small interference RNA > 14T
f#L 5 SIRNA) ~ | % & P42 a4 (short hairpin RNA » 2T @ 4% shRNA) ~ ] &
F {2 4Et e (micro RNA > T i 425 miRNA) o



1.

1 EPEPE (SIRNA)
A& ZHREDRNA 7 UEFEE LN T F I VE r fme o SIRNA ¥ st
i v i (7 @ pF I erknock-down 0 » &2 iR @R F . B3 SiRNA
(Pushparaj et al., 2008) -

1B %P (SRNA)

A& ZMRESDRNA BERLNT TR w0 § lwie Y 7 ETA
A shRNA » £ #4723 3w 7 > d *» 7 fix (dicer) #-shRNA *» 3] %

SIRNA o d % ShRNA 7 12 & & Flimre m p > F]po 7 U5 Bl @+ 4 2 5
shRNA - # ¢ shRNA {r siRNA #8+ £ p £ mRNA = 2 fie $t (Pushparaj etal.,
2008) -

|+ P e (MIRNA)

&G PRSP RNA Y Bl ph 4D pri-miRNA > £ d 72 7 fE &2
g1 mIiRNA > miRNA 2 g £ mRNA 4% & = ;8 2 7 % > fie 3 (Pushparaj et al.,
2008) -

-
Nucleus 0 Cytoplasm
FITIININE ShRNA Lentiviral
R Infection
Transcription ofl 4?\
shRNA
ShRNA y

Nuclear Export \&
O Long dsRNA

:m:um:)\ | TIIITIIIT

Dicer
Processing by Dicer
into siRNA
IIIIT «— IITT
si!iNA siRNA
Formation of RISC
Complex m

siRNA induced binding

with mRNA target -—l.mrl-l—

Cleavage of mMRNA
target -~ L

W3 PEMEE+ET & W (Barrass & Butcher, 2020)
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BRI

-~ F iR

HEFRERISTIRER R EERrm2b Y

RARESRPEH SRR REEE

N2a C8-DIA EAME@IE  other brain cells
\/ \/
Rrm2bEEEE g
NAETEYRREN HLEE  REREOARE

Rrm2bEREREEIE

FIiREETIeE  mEdlEseEh @REFRE EREaEEEd

W5.2F% RBLITAZR

B BkW A | B A PP ShRNA) - @ chRrm2b A Flie (7t - £ @ *
Rrm2b £ F)&k 7% chim P2 4 puromycin sniZ (4 &8 e o P4iE 1) Rrm2b Bk 7%t 5% fw e th s o
B Pdmre 2 3o 2 RNA » 3817 w92 # i 12 (functional marker) 2 $# @ 4% 2 4 (specific

marker) 4 47 °

S FIRAREER

% 2. A% 2 Q%MK

vz | C8-D1A: /| B & % lwmoz
N2a: -] &lA &7 ek

F % | DMEM Medium NTES Buffer NTES * % phenol

R : .

2 % Proteinase K isopropanol phenol TRIzol

=, / NAOAC(z p4ph) Chloroform ethanol Anti-ACSA-2
microbeads kit




FSK 4! 54 & %] | GDNF 4! & | PBS Antibody

+ 4 £ 73 GFAP -~ ibal ~
MAP2 ~ Rrm2b ~
Compex I~V

DAPI (4’,6-= #-#- | Plasmid % %2 | Lipofectamine 3000 | Opti-MEM
2-"{%%]:7’}‘,—)

DD H20 30% 1.5 M Tris-HCL TEMED
Acrylamide pH=8.8

10% SDS 10% APS Tris-Base Glycine
Methanol 5% BSA TBST Buffer 1% Agarose
SYBR(¥% 43252 4 | Primer F Primer R
i®)

F % | Pipette 6t R Eppendorf

B | g T A Nanodrop

= "Eﬂ;:—%‘/‘zj?—*,"i?‘”}%

(-) DNA-RNA # &

1.

1)
()
3)
(4)

(5)
(6)
(")
(8)

(9)

¥ B DNA
Bk &P 4~ NTES buffer 300uL -
4v » 5~T7uL proteinase K - ;& 3 {& % 55°C#-45 ¢ F & 24 /| pF -
4v ~ phenol 300puL fs + F 8 3 » 12 12000rpm # :# i& 7 4w 10 & 45 -
P~ 300uL } ik 2 ATehg + ¢ 0 4e » 300uL phenol {692 3 - 4c » 300uL
chloroform ;& 3 -
2 12000rpm ## i & 7 a4 10 4 48 o
B~ 300pL } i 1 ATengE S+ ¢ > 40~ 300pL chloroform {42 5 o
r2 12000rpm i & (73 5 44 o
B~ 300Ul ik T ATenp ¢ 0 4o 100% o fE 1000uL f2iR 3 0 FERREE
Ww & ke o

r2 7500rpm 8 i@ iE (T HLs 5 A4 o

(10) # “,ﬁ%i it e 4~ 75% ¢ AR 600pL -

10




(11) 14 7500rpm #i# i& (7 4t 5 A 4d o

(12) # % ¢ i o

ek

(13) & P& 'E! Bt B 20 & ol WA R

(14) %% £ 4°C -

2. %7 RNA
(1) & ¢ 4 » TRIzol 1000uL -
(2) “4c» 200uL chloroform 2 3 > 3> 3 B# % 3 44 -

(3) 4 12000rpm #& :# i& {7 . 5 4 4

&

(4) P~500uL * ik 3 Arehg + ¢ 0 4o &5 A% isopropanol S50uL - iR 3 {83t F R #
B 10 A48 -

(5) 4 12000rpm #:# ie 17 g 10 4 48 -

6) # "t R e

(7) 4e» 400uL = F-kEF®R o

(8) #c » phenol 400uL - ;& 3 s 12 12000rpm ## :# & 7 .o 10 4 45 -

(9) P~ 400uL * ik 3 Arehg + ¢ o e 400uL phenol {872 3 - £ 4c » 400puL
chloroform ;& 3 -

(10) 12 12000rpm & :# & {7 &g 10 & 48 o

(10) = v > A%

90

¥

(12) B 400UL 1 i 3 #7598 5 ¢ » 4 » 404L 3M NaOAC # 880uL 100%2 f -
(13) *+-20°C# & ik 24hr

(14) 1+ 12000rpm & id i (7 g 45 2 4b o % L F T o

(15) =B # Aimbid 2 [ w3 g B2 A HE 8ok o

(16) i 75 *+-80°C -

11



(=) Rrm2b Z It %
1. ‘w9 %X o
2. RwRiIRFHIEYAES 2 DMEM> #3% 1] pF -
3. & 48 (plasmid)
(1) ShRNA#1:97.8 ng/ul
(2) ShRNA#2:93.1 ng/pl
7 @ 2 shRNA F 88 > & = £4F > IR E S BdFahle ) o

4. mBEBR

o

(1) #Ff¥ lipofectamine 3000 -
% 125ul o opti-MEM # 4 »~ 7.5ul lipofectamine 3000 » & £ &~ i» o
(2) 4+ DNA
& 125l 1 0pti-MEM # 4c » 2.5ug =7 DNA 7 DNA Fe 5ul 7 p3000
a. ShRNA#1:25.56 pl (= »)
b. ShRNA#2:26.8pl (z i)
(B) #3 1544F1 ANF

(4) peri

N

% 3.ShRNA i3 ix i % 4

Opti-MEM DNA P3000
ShRNA # 1 500yl 103.8l 20yl
ShRNA #2 500yl 107.2ul 20yl

=
W

P 2488 F & (QPCR)

(1) myar

fmf
o

% 4.0PCR # 5.~

Sample & dkc T(% - )

12



2X Buffer F R 35uL

10uM primer F 1.4uL
53

10uM primer R 1.4uL

H20 17.5uL

Probe 7 FI4E 4 0.7uL

DNA/RNA (10ng/uL) 14.0pL

(2) #* 96344 » & B well 4r 2uL DNA Fr 8uL = fei3 i
(3) = »TH & ks B? (quanstudio) EFF R -
(4) 3% ct i@z copynumber -
2. & 7 %22 (Western blotting)
1 %% -
(2 @AwreTH.
a. T

%5 FFEBFTHARRYE Z

ddH20 8.09 ml
30% acrylamide 6.6 ml
1.5M Tris-HCL pH=8.8 5ml
10% SDS 0.2ml
10% APS 0.1 mi
TEMED(f¢ % e » > — % | 0.01ml
B 18 4r)

b, 4e xS EEH AT R R FRY 0 T RREI MG BRI 9

c. 7

Nt

13



%26 FFEFIYRRARRE Z

ddH20 8.09 ml
30% acrylamide 6.6 mi
1.5M Tris-HCL pH=8.8 5ml
10% SDS 0.2 mi
10% APS 0.1 mi
TEMED (i s H = & » — 2 | 0.01ml
B B 1S 4r)

@) T&

a. BT RA I 80 RiF > T A 20~30 A4 o
b, HTRAZD 120 R I P FARES DI BRT TR T A .
(4) #F

a. fe ¥ transfer buffer
# 7. Transfer buffer 3 2 e & 4

Tris-Base 39

Glycine 14.4g
Methenol 200ml
DDH20 4v 3] 800ml

b. BB ERBEER L o
C. TAMTIALI 30T > TAT0OL& (d AT ATEAY » T
B 0 TR BT A ES R o TR gk o BFALRTAER) -
(5) %7 (Blocking) : #-&id el G g + 0 BT 5% BSA P 1) pF o
(6) - m$uAy
a. HHE AR CALRFT R 24 RF R A S 40rpm o
b. @ %* TBST ikt » #RT FE AN 60rpm> - = 10 248 > €47 = = -

14



(7) = il

a  BPRAY o sl REFEAD D A0pm o (v 1) pE

b. & TBST jrieths » #RF T ADIL 60rpm > - = 10 ~ 48 > £45 = = -
(8) ¥

a AR A BRAY (TR DT

b A apB YL (Lal)

C. HrBERELHE

(z) 4l mie s %
1 39 moe f # F 9 % 3 4% % Rim2b NeKO (B F171%) 2] Bl= 35 % fmoe
2. & E &R e
(1) FI* Anti-ACSA-2 Microbeads Kit &% j£ %5 ¢ & Hehg> (X mbe o FE T K mbe
Lo FH o - # 5 ASCA-2 positive » = % Astrocyte ; ¥ — 3 5 ASCA-2 negative -

I %% Astrocyte ‘b e E o i wmre (ff A Other cells) -

7

—X

A
A~

(2 #wmrer iwie, - L@ pFRAR V- LEUARZIRY o4

% F]+ FSK 2 GDNF -

Rrm2b
Control gene
Factor: no knockout
factor Factor: no
factor
Rrm2b
Control gene
Factor: FSK, knockout
GDNF Factor: FSK,
GDNF

W6 %k 7 AW

15



() SAFER 4
1 s fiffore § LM NEFUhk9 o fls st 9 0 SE R T Uik
o oo FUFRLNF IR o NE P B e i E R o
2. F &R
Q) #HF > 2 37°C > 30min s 5 (18 5 P R RALEGE 0 R AR
(2) %z PBS5min 4k -k
(3) i i%mr2 (Permeabilization)
(4) re%r (blocking)
Btk Az . FBSARY FBSB R kv FEHEBIRSL R Tk 0 B
W2 Drrende & ik > ¢ AR R RR
(5) - &$ip8 @ 1Ab°+ 2% serum in PBST
ETMEHE R @ RA L > 2 40rpm @& 355 16-18 |
a. Anti-GFAP : Astrocyte

b. Anti-lbal : Microglia
c. Anti-MAP-2 : Neuron

(6) PBSwash > bmin » = =t

(7) = &Fik8: 2Ab° + 2% serum in PBST

a. GIAP » Astrocyte - £ 588nm (= ¢ )
Ibal - Microglia - j& & 488nm (% ¢ )
c. MAP-2 s Neuron > 2 40 rpm & 3 5 1 | p&

(8) @ * PBS ‘}pi‘};‘a‘f‘zm)?é’ R B Ak FAFZ =
(9) iz * DAPI #-‘mrz 1;-:-4 4 (fﬁ )
(10) #t 5 & 4p PR

o

(=) #£r%

Rk

1 FI* fEeb s % o MR RATRBEE > R 214 (transwell) &3 54 BF ke
(Rrm2b KO) 2 #pe e (Control) :rrastrocyte {=F 2% & (Rrm2b KO) % ¥/ ‘e
(Control) ehH# @ #¢ Simfe » 11 % pehe s & bl — B well %ﬁftbﬁ%g BB

o 3 B wte s Rim2b AL FIARET R PR p 22 BB deie 0 AR

16



4

93

-%n’;

=~ 3.

- ~ 2> Rrm2b £ FI# % etk
FI% 44 P B 2 PP (ShRNA) 3~ fmre b o ¢ % Rrm2b A& F)k
5% erm#% 4 PUTOMYCIN SFsf 4 6515 'm %% o P43E 2 Rrm2b & Flak 55 € — fwre 4515 o

Pz Fov o 6 F F S EEEEET Rmm2b Fv ZIRE P

1. # £lwe+k : N2a
M PE S bk Rrm2b 2 IR A S omee bk o S A W) L #22, #30, #41, #56, #57
ZH64 > T AT > FEEFEIuN2a mie ph 2o Rrm2b 39 2 BB F ' o SR
FUH L2 R e FRIE T F B o

N2a_mRrm2b protein level

N2a
Control Single clone g 159 —
P15 P16 P18 #22 #30 #41 #56 #57 #64 ‘% 4(
— — — § 1.0
h —-— py
Rrm2b - — - — p—— §
 0.54
g
HSP70 [VHD Sy W Sy Sy sy S S - - - — =
o
0.0

1
Control Rrm2b
shRNA

W7 #EwEp 2 Rrm2b 39 2 RE R 2
i¢ * student ttest 3~ & #7422 Rrm2b A FIgt /5 e u F e Rrm2b 3-v 4 3R
B4R upvalue EAn > % pvalue icig [ > 005 % 73 AL R o

2. %9 etk : C8-DIA
B POE S bk Rm2b A FIRk e E R im0 $h5E A B L #1-1, #1-2, #1-3, #o-
1,#2-2 2 #2-3 > #3566 > % B4 7530 C8-DIA mve p 22 Rrm2b F-v % & A1 ¥ '
oo {8 R B2 PR e FRiE (TR B o
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C8-D1A_mRrm2b protein level

C8-D1A
© 1.54
Control shRNA #1 shRNA #2 2
P31 1-1 1-2 1-3 2-1 2-2 2-3 §
—_ —_—— S 1.04
S
(S — —— — S ey
Rrm2b T G ——— —— — — — — ‘é‘
o 0.5
o
2
HSP70 --------- E 0.0

Control Rrm2b

shRNA
W8 A Bmiep 2 Rrm2b 39 2 RER Z
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