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Abstract:

Introduction: This research work was carried out as a joint project between the People’s Republic of China and
Mongolia. Mongolian contract number is CHN-2022/278, Chinese contract number is YS2021YFE010725. The title
of the project is “The underlying mechanism of the synergistic effect of Arsenic Trioxide and Interferon Alpha on the
treatment of Arsenic Resistant Acute Promyelocytic Leukemia”. The main executing organisation of Mongolia is the
Mongolian Academy of Medical Sciences, and the project implementing organisation of the Chinese is Zhejiang
University School of Medicine, and the People’s Hospital of Hangzhou Medical College, China.

PML nuclear bodies (NB) are disrupted in PML-RARo—driven acute promyelocytic leukemia (APL). Arsenic trioxide
(ATO) cures 70% of patients with APL, driving PML-RARa degradation and NB reformation. In non-APL cells, arsenic
binding to PML also amplifies NB formation. Yet, the actual molecular mechanism(s) involved remain elusive.
Methods: PML and PML-RARa condensate dynamics were examined using live-cell time-lapse imaging, confocal
and STED super-resolution microscopy, and FRAP analysis in GFP-tagged PmIKO MEFs before and after arsenic
trioxide (ATO) treatment.

Here, we establish that PML NBs display some features of liquid—liquid phase separation and that ATO induces a gel-
like transition. PML fusion to RARa altered its distribution in the nucleus, as GFP-PML-RAR a localised into many tiny
dots with diam diameter below 100 nm in PmIKO MEFs. The basal dynamics of GFP-PML-RARa at these microdots
were increased compared with PML at NBs, with a t1/2 of 1.37 minutes and, importantly, no immaobile fraction. Here
again, ATO treatment drastically decreased PML RARa exchange rates, closer to the dynamics of PML. Thus, ATO
therapy drives the gel-like transition of both PML- or PML-RARa—driven condensates.

Conclusion: These findings show that arsenic trioxide (ATO) converts both PML and PML-RARa condensates
from a liquid-like, highly dynamic state into a gel-like, immobilized structure, revealing a key biophysical mechanism
underlying ATO’s therapeutic action in APL.

Keywords: joint project, PML, ATO, therapy

YHaacnan XUNrACOH. MOHromnblH TanblH r3pa3HMA gyraap
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The underlying mechanism of the synergistic
effect of Arsenic Trioxide and Interferon Alpha
on the treatment of Arsenic Resistant Acute
Promyelocytic Leukemia. MoOHronbiH TasnbIH
YHOC3H
aHaraax yxaaHbl akagemu, Tecer XapanKyynary
BHXAY-bIH
School
Hangzhou Medical College, China.

OHa XYPa3HA
npomuenount nenkemum (PML) yypar Hb SCUIH
beemenp Ganpnax yypar Gereeg 3c3g ragHbl
CTpEecCcuiiH egeenTen M3Aapar xapuy y3yynaar 6a
eepee yrcpargaH 6eemuiiH 6uet Bytoy (nuclear

rynuatrary  Gavryynnara MoHronbIH
banryynara Zhejiang University
of Medicine, People’s Hospital of

cygarnraaHbl aXIbIH

body NB) rax Tycram OyTuwmnr yycragar yypar
6a agrasp PML NB Hb Gypxyymnrym opraHenn
(membraneless organelle, MLO)-uinH Har Tepen
bereen dasbiH snrapang (phase separation)
cyypuncaH Monekyn 3o0xuvoH ©Ganryynantaap
3CUNH aMWH Yyxan yun axunnaraa — anonTtos,
HACXKUNTbIH YAN axwunnaraa, 3CUAH XyBaargan
39par 3CMIH YHAC3H aXunnaraaHyygaz oponuaor
XsiHaX 6ac 3oxuuyymk Ganaar."? MeH TyyH4YNnaH
PML vyypraap vyycrargax 6eemuiiH 6uetyya
Hb 3cuiiH Geem poTop Gembener xanbapTan
dasblH sinrapan 6yxui Oypxyyn yyCcrax ron yun
axunnaraaraa ssyyngar 6GamHa. WHrexgas yr
yypar gaH raHuaap 6uw RARa 33par yypryyaran
xonborgoxooc  ragHa  CyMOWnsiuM  33par
TPaHCnAUbIH Aapaax XyBupryyablH OpOnLooTon
3oxuuyynarggar. Men PML yypruiH unpan NB
YYCaNnT Hb OJIOH TEPIUNH XaBapblH yea Oyypaar
6oNox Hb ONOH cyganraaraap TOrTOOrAK33.3>4d
YyH33C ragHa apceHuiiH Tpuokeng (ATO) 6onoH
peTtunHonbiH Xyunn (RA)-bIH xocrion Hb PML-RARa
-UrH 3agpantbir gamxkmk, PML NB-uinH pgaxuH
YYCax sBUbIr xypaacragar 6ereeg aH3 Hb APL
acyyaan XerwpenT TecT xapuy ypsan y3yynaar
Hb TOrtTooracoH.® KnuHukmiiH xaparnasHg ATO
Hb APL eBuyteHyyauniH 70%-O pQadraapaa
AMYUMMTAdHUN yp AYH y3yynaar’® Gereen 3H3
Hb wyya PML-RARa 6omoH PML yypryyaoTtam

wyya xonbéorgaor 6010XbIr ©MHEX cyaanraaHyya
xapyyncaH.®® MacaH xaguii 4 ATO-uitH Heneereep
PML NB-yya xepxaH AaxuH yrcpargax, asbiH
eepunenten OpAor HapunUH MOMEKyn MexXaHW3Mm
OypsH Tarnbapnargaary xaBaap 0OarHa. [9caH
xogmhn 4 ATO-unH Heneereep PML NB-yya
X3PX3H hasbiH eepunenteq OpX, LUMHIAH TecT
(liquid-like) Tenseec renb TecTt (gel-like) 6yTou
PYY LWWMKASr HapUMWH MOMEKYN MexXaHu3M Hb
OypaH Tannbapnargaaryin xaBasp 6anHa.™ Uiima
3HaXyy cyganraaraap 6ug ATO Hb PML GonoH
PML-RARa yypruiiH 6eem 0OTOpX KOHOEHCATbIM
XOPX3H ©6puUIDK, TIAr33PUNH AMHAMMK, ddasbiH
TONeB, HAITWWM, X6AeNnreeHT YaHapT y3yyrax
Hemneer TOrToOXbIr 30PbCOH.

CypanraaHbl 30pusro

OHaXyy cypanraaHbl 30punro Hb ATO-uiH
Heneereep PML 6a PML-RARa yypryygbiH
6eeM [0TOpx KoHAaeHcaTblH ha3blH  Tenes
X9pX3aH eepunergex, WuHroH Tect (liquid-like)
oytautan PML NB Hb renb TecT (gel-like) Tenest
LWWIDKUX  MONEKYN-6MOUINKNAH  MEXaHN3MbIT
TOOOPXOWIOX ABAAS HOM.

CypanraaHbl apra 3ym

3Oc eceesepriox 60510H 3CULIH dMYUI233

T-aHTUreHasp TpaHcgopmuuncoH PmIKO
MEF acyya (maHan naGopatopug ©31TracaH;
naenaraa 46), HEK293T (Platinum-E) 6onoH
HelLa acuinH wyramyyasir DMEM TaX93nT OpymnH
(Thermo Fisher Scientific, Cat. 41966029)-g 10%
yprantblH unngac (FCS), 50 U/mL neHuuumnnnH/
CTPENTOMULNH, 2 MMOnb/J1 L-rnyTaMnH aryyncaH
Hexueng, 37 °C temnepatypT, 5% CO, opunHg,
©CreBeprieH YpPXKyyraB.

PmIWT xynraHbl yp XeBpenumH yyaan
acyyga (mESC)-wir P. Navarro ([MactepbiH
XypaanaH, [lapuc)-aac aBcaH 0Gereepn Wxun
VHOC3H OpYUHA 6CreceH 4 HamanTasp 1% amuH
XyyunuH yycman, 1% GlutaMAX, 1,000 U/mL
LIF, 0.1% B-mepkanToaTaHonN aryyrncaH OpuvHA,
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rensTMHI3p ByPCaH TaBar 433p eCcreBepnes.

BecmepH 6riom wuHXumnass

Western blot WMHXWUAr3aaHUM 30puynantaap
3CUMMH HUNT yypruir Laemmli buffer-g yycraH
6anTraB. YyprunH xaHabir Laemmli buffer (200
mmol/L Tris-HCI, pH 6.8, 8% SDS, 40% rnuuepuH,
0.2% 6pomdpeHon xex) 6ornoH 20 mmol/L N-ethyl-
maleimide (NEM) (Sigma-Aldrich, E3876) HomcaH
3CBaN  YWUNAB3PNAryumH crtaHgapT
buffer (Sigma-Aldrich, S3401)-oop
Tyc Tyc 6onoBcpyyncaH. YypruvH sanrantbir
4-12% NuPAGE Bis-Tris SDS-PAGE (Thermo
Fisher Scientific, NP0336) renb [93p Xuinx,
Aapaa Hb HuUTpouenntono3 membpaH (BioTrace

Hexuena,
Laemmli

Pall Laboratory, 732-3031) 0339p WWIDKYYISH
MMMYHOOMOT rynuaTrae. [dapaax aHxgard acpar
6uetyyounr awmrnas: anti-GFP (1:1000, Roche),
anti-HA (1:1000, Covance), anti-Actin (1:1000,
Sigma-Aldrich),  nabopaTtopuitH
anti-human PML. Xoépgory acpar 6uetyyauir
HRP-koHbtoratTam anti-mouse 6onoH anti-rabbit
(1:5000, Jackson Immuno-Research) awwurnan
unpyynaB. CurHaneir SuperSignal West Dura
acean West Femto (Thermo Fisher Scientific,
34076 / 34096) cybectpataap unpyynx, Vilber
Fusion-Fx cuctemasp AaypcxyyncaH. ©Bepmel,

OanNTracaH

Oyc [Ooxuo rapaxaac CIprunmk, memopaHbIr
AaxuH xyyrnax (re-probing) aprbir Xaparnaarym.

UmmyHo 6ydanm 6a MUKpOCKOMUUH

WUHXUI293

VMMMyHOOyaarganTbiH - LUMHXUAM39HA  SCUNT
PBS + 0.5% Triton X-100 yycmanaap H3BYYYM3H,
10% dopmanuHaap 63xxkyyrxk, gapaa Hb GFP,
HA, FLAG, PML, SUMO2/3, yH2AX 3apar
aHxgary acparbmeTtan nHkybau xmink, Alexa Fluor
6onoH Rhodamine Red-X racaH donyopecueHT
TOMA3rnaras Oyxum xoépaory acparbnemyyanasp
6yncaH 6ereeg 6eemunr DAPI-raap TogpyyrcaH.
Oypcnanuiir engep Hartpantan Zeiss LSM 980
Airyscan koHdokans mukpockon 6a STEDYCON
cuctemtan Axio Observer 7 cynep HapuirBYnianbiH
STED wmwukpockon aiuurraH, TOCOH OObeKTMB

Oyxun 60x GonoH 100x ecrenTTanrasp Xumx
rYMLUSTraC3H.

CypanraaHbl aXnbiH Yp AYH
ATO-uuH Heneezeep beemutiH PML 6uem (NB)
WUHa3H mecm x35163p3ac eenib mecm 6ymauy
pYY wumkdae 60510xbi2 MoO2moOCOH Hb
Bug osHaxyy cyganraaHbl eryynnuir Xya
HapanmaHgypa npodheccopbiH 3eBLUeeprneep
“Structural Basis of PML-RARa Oncoprotein
Targeting by Arsenic Unravels a Cysteine
Rheostat Controlling PML Body Assembly and
Function” eryynang tynryypnaH 6u4naa.
PML  yyprunH ovetyyn
MeMOBpaHryn,
opraHennyypn 6ereen TeB (core), ragaag (shell)

6eeMUNH
Hb Gembener  xanGapuinH
AasxapraT 6ytautam 6avpar (3yp. 1A). PML
ueMuiiH bueTtyyaunH (NB) yycanT WnHraH gasbiH
Tycraapnantaap (LLPS) xonGootom acaxwmir
TOrtooxblH Tyng 6ug GFP-PML lll-niar renyyauir
PmI-KO 6ytoy PML yypruiiH reHunr yHTpaacaH
XynraHblH yp XxeBpenuiH ¢ubpobnact (MEF)
9COA4 LUMIMKYYIIOH opyyrnax 3amaap reHeTuk
NHXXEeHep4unan xuncHun gapaaraap PML yypruiH
OeeMuiiH OueTyya Hb MeMbpaHryn, Gembener
OyTaL YYCONTUAT MUKPOCKOGOOP XSHaX TyXalH
Y33r4funH YYycax XyrauaaHbl AMHaMUKbIM Laraac
XamaapyynaH cygannaa.

Aypcranasap PML-ninH
BoCcro  XaMXa39H33C

Amba 3CUNH
KOHLUEHTpauUu ToaopXom
X3TPaxX vea Hykneonnasmaac
TyCcraapnargcaH kKoHgeHcat xantapunH PML
NB-yya yycaxuir GaTanraaxyyncaH. OXHui
wataHg PML  yypar

TapxcaH 6ancan 6on GFP-PML-ninH nnapxminan

Anrapy,

HyKneonnasmg xurg

HOMAraaxag avxHbl PML NB-yya yycax axamx
Gavraar 6ug axurnas (3yp. 1B). NB-yyouiH
TOO ©COH H3M3rAC3H Y TOAr93PUNH TapxanTbiH
3arBap eepunergeerym, ac [OTOP TOMTBOPTOW
OpLWMH X3B33p bGanB. ©OMHex cyganraaHyyablH
paryy IFNa amunnras He PML TpaHckpunumir
NO3IBXKYYIIK, YyHUA yp ayHa PML NB-yyguiiH

i payay oo s g paliuy
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ToO onwwupgor Hb OatnargcaH 6avpar (20,
21). 3arasp yp AyH Hb PML-MIAH KOHUEHTpaum
TOOOPXON TYBLUMHI AaBax yen HyKneonnasMbliH
Tapxman Teneseec TycraapnaracaH NB xan6apt
dasblH WWIMKUNT aBaragarnnr HOTomkK OGalrHa.
PML NB-yya XO0pOHA00 HArA3H LUMH3 KOHAEHcaT
YYCrax Oym Hb T94 LWMHMAH pasbiH OMHAMUK
wurx (“liquid-like”) wnapxuingarmnr GatancaH
(3yp. 1C). NB-UIH HUNN3NKNNTUAH KNHETUKYYObIT
xamxnxag PML-ninH gndpdpyaninH koadodomumneHT
OOnoH ragapryyruiH dyypamTram YaHap He 1073
Pa:s opuum GaincaH Gereef 3H3 Hb HYKIEOS
GONOH UeMUINH cnekn 33par 6ycag memopaHryn
opraHennyyatam Tectan y3yynant 6ame. MeH
GFP-PML-nH Hykneonnasma TapxcaH Tenseec
NB yycax aBL 605oH NB-yyauniH HUANSDKUNT,
Haraan, cananTtbliH AaBTaMXKUNT TOOH XAMXUITIIP
TopopxonncoH (3yp. 1D). Har aceg ayHmxkaap
~40 NB yycgar 6ereeg NB-yyOunH HUANSDKUAT
Oa HoronMMMH paBTamX onponuoo 6ancaH Y
cananTbIH y33raan Mawl xoBop axurnargcad. NB
potopx PML-unH xepenreeHT 4daHapbir FRAP
LUNHXMANI33raap yHanaxag, PML Hb Hykneonnasm
©onoH NB x00poHAO MA3BXT3M CONULOO XUAO3T
Gereen pnyopecueHUMNH Xxarac COpranTUnH
xyrauaa (t1/2) 3.2 muHyT Ganraar TortooB (3yp.
1E).

[aspx Byx xamxuntunH ayH He PML NB-yya
TOAOPXON X3IMXKI3H[, LUMHIAH (pasblH KoHOeHcaT
(LLPS)-bIH WwmnHX vaHap Oyxui OyTal 6onoxbir
fbatamk 6annHa. MNxgas PML NB pgotopx PML
YYPruiH TOITBOPXUNTbIH Xyrauaa Hb Cajal
OveT, UeMUMH cnekn, Hykneon 33par OGycan
MeMOpaHry opraHennyyaram xapblyynaxag
xamaaryn ypt GanraarmnH ynmaac NB pgoTtopx
YYPrUAH  XapunuaH YAnuman unyy  XyyTow,
FRAP
wurxmnraaHg NB  gotopx  donyopecueHumiiH

TOrTBOpPTON Oaragar Hb TOITOOrACOH.
30 % Hb caprasrgaxryn ynacaH He PML NB-g
XeOenreeHT OONOH XeaemnreeHryn racaH Xoép
eep PML dpaku opwnH 6angrinr untrax darnHa.

Oepeep xanban, HAr pakL, Hb HyKneonnasmTamn
WOSBXTAM COMUMLIOO XUWASr 6on Heree Hb
NB pgoTop TOrTBOPTOW, XOO6MreeHryn TemneBT
xagranarggar. PML yypruiiH yHAC3H (core) 6oroH
Ooypxyyn (shell) 6ytoy Hb 3eBxeH LLPS OGytoy
WKHr3H pasbiH anrapant (Phase Separation)
099D YHAOSCIIACAH 3HIMIMH y33ranaap NB uemuiiH
OueT yycanTuir Tannbapnaxag apran3as yycrax
6anHa. ATO amumnrasHun gapaaraap PML-uiH
HykneonnasMm pfaxb Tapxman xanbap oruom
Oyyp4y, NB-g xypumtnargax XyBb H3IM3IMASH,
NB potopx PML yypruinH xepenreeHT Gawnpan
apc baracy Gapar OypaH xeOenreeHryn TenesT
LUMIMKC3H Hb TortooracoH (3ypar 1E).

AmbA aypcnan cynep
HapumneynanTam MUKPOCKONUIH apryygaap PML

3CUIH ©onoH
NB-yya ATO-bIH HeneeHA OYp3H HArOanrymnrasp

yTacnar, cyHangcaH OyTtauTtand  6onox  Hb
TOrTOOrACcOoH 6ereeq 9H3 Hb TAOHUN 3yypamTram
0a renb TOCT LUMHX YaHap HAMargax Gawraar
untraHa (3ypar 1F, G). 3arasp axwurnantaac
y3axasg ATO Hb PML NB-uWH LWKWHM3H ¢asblH
TONBUWT TenaH OyTal pyy LWWIMKYYNax ¢asblH
eepUNenTunr egeener ron Xy4mH 3ynn 60nox Hb
HoTnoraoB. PML-uniiH RARa-Tan HaracaH xanbap
oytoy PML-RARa OHKoyypar Hb Ue&M [OOTOPX
Ganpnanaa eepunmk, PmIKO MEF acyyasa
100 Hm-33c Gara OMaMETPTON OFfIOH TOOHDI
bangnaap
Oanpnax 6Gavraar 6mg axwurnas (3ypar 1F).
MwukpokoHgeHcat pgaxb GFP-PML-RARaG-uinH
Xe0enreeHT guHamuk He PML-Tan xapbuyynaxag
unyy xypaaH Gereep nyopecueHUMnH xarac

copranTunH xyrauaa (t1/2) 1.37 muHyT GancaH

MUKPOKOHOEHCAaT XypuMmtnargaH

6a xepenreeHryn dpaky 6apar wunpaaryi Hb
TortooracoH (3ypar 1H).
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Figure 1. PML NBs display hallmarks of LLPS and switch to gel-like features upon ATO
exposure

A: STED analysis uncovers the typical
spherical core-shell PML NB. Scale bar, 1 ym
B: Time-lapse analysis of PML NB apparition
upon GFP-PMLWT expression in PmIKO
MEFs. The white circle indicates the nucleus.
Representative data from three independent
experiments. Scale bar, 5 um

C: PML NBs undergo fusion with spherical
relaxation, similar to liquid-like droplets.
Representative time-lapse of PML NB fusion
(left) and quantification of effective viscosity
(right). Mean values + SD of n = 21 fusion
events in independent cells from three
independent experiments. Scale bar, 1 ym

D: Quantification of PML NB nucleation, fusion,
and fission events over 1 hour. Mean value
+ SD of n = 37 cells from five independent
experiments

E: FRAP analyses of GFP-PMLWT dynamics
at NBs in control (Ctrl) or ATO-treated MEFs
(1 pmol/L, 30 minutes). Mean value + SD.
Number of NBs assessed Ctrl (n = 36),

ovetyyag

ATO (n = 28), from at least five independent
experiments. WT, wild-type.

F: Confocal analysis of PML NBs in GFP-
PMLWT or GFP-PML-RARA MEFs treated
with 1 pymol/L of ATO for 1 hour. Scale bar, 5
um

G: STED analysis demonstrating incomplete
PML NB fusion upon ATO in PMLKO MEFs s.
Scale bar, 1 ym

H: Comparison between GFP-PMLWT and
GFP-PML-RARA dynamics at NBs by FRAP.
ATO treatment (1 ymol/L, 30 minutes) induces
a liquid- to gel-like transition of GFP-PML-
RARA. Mean value + SD. Number of dots
assessed PML (n = 36), PML-RARA (n =
20), PML-RARA+ATO (n = 37), from at least
five independent experiments. RFl,
fluorescence intensity.

Relative

Xanuamx
OHaxyy cypanraaraap 6uwg PML 6GeemuiiH

(PML NBs) Hb wWWHr3H dasblH

i
s
4
!
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TycraapnantbiH (LLPS) 3apumaap yycaar 6ereeq
TOOOPXOW Hexueng WWHIOH-TeCT TenBeec refb-
TOCT KOHAEHCAT pyy LWUNMIDKMX YaasapTam 60noxbIr
TortooB. PML NB-uiH yrcpant Hb 3eBxeH SUMO-
nont 6onoH SUMO/SIM-g cyypuncaH xapunuax
yMnunanasp Tannodapnargax 6onomxkryn Gereef
PML yyprmiH poTtoond xapwnuaH xonboo Hb
LUMHIAH-renb oasblH LWWMIMKUATUAT TOQOPXOMNA0r
6onoxbir FRAP 6GonoH eHaep HapwuiBunanTtamn
AypcnanuinH apryynaap 6artnas.

ATO amuunraa Hb PML 6onoH PML-RARa-
WNH GeemM [0TOpPX KOHAEHCATbiH COMWUIILOOHbI
Xypabir oruoMm Oyypyymx, anHamuk “liquid-like”
TenBeec Oapar xepenreeHrym “gel-like” Tenes
pYY WWIDKYYNAar He 6GuaHui  cypanraadbl
ron onont 6amB. OH3 Hb ATO-UAH SMUNH
ynngan 3esBxeH PML-RARa-unH 3agpang 6yc,
KOHAeHcaTbIr (hm3nk-gpasbiH TYBLUMHA eepymnger
MexaHu3maap ssargaar 60n0XbIr UATIAHA.

MeH PML-RARa oHkoyypar Hb PML-Tan
xapbuyynaxag wunyy eHgep
XypATan, XWKUT MUKPOKOHAEHCAT Xan6apasp

CONMUIIUOOHbI

banpnagar 6onoed ATO-UNH Heneereep TYYHUN
AOVHaMUK MeH aaun rens TecTt bangang opx, PML-
WAH 3aH yMnNuir gyypuax Gawvraar TOrTOOCOH Hb
APL-MIAH 3MYMNragHUA MOMEKYIbIH YHASICaNg
LWMH3 Tannbap HamaXx BanHa.

Mimaac oHaxyy axun Hb PML  NB-unH
OMOU3MKUIH TeneB, TYYHUIA asblH LUNIDKUIT,
ATO-MAH 3MYMMT33HUIA  MOSEKYIbIH  TYBLUHWUN
YHOSCM3NUAT  LUMHI3P TOOOPXOWSICOH Gereepf
PML-tan  xonbooton  ©eBYHUN
anaHrysa APL-URH SMYMnrasHuin - ctpatermmr

MEXaHU3M,

AaxvH HapunBYNaH cyanax cyypb 6ok erHe.

OyrHanT

ATO oamumnrea Hb PML ©GonoH PML-
RARa koHaeHcaTyyoan <Bargax MOSeEKyrblH
CONUNLL00r M3O3rA3XynL, OyypyymK, TOAra3puiH
GryOpeCUEHUNNH  CIPranTUAH  XypabIr  OrLoMm

caapyymk Oairaar TOrtTooB. JHAIXYy AWUHaMUK

eepunent Hb NB-yyOuUMH LWUMHI3H TecT Tenseec
renb TecT OyTau pyy WWDKMX SBUbBIM LWyya
epeeper 6ereeg ATO Hb 3eBxeH PML-RARQO-r
3agnax 6uw, PML koHgeHcaTbir dhasbiH XyBUprbIr
Jaryy renbXxyyngar aHxHbl MONEeKyrblH TYBLUHUIA
HoTonroo 6ok 6anHa.

Mimg ATO-TMAH  SMUMNTI3HUIA  YANO3N Hb
36BXOH OHKOMPOTEUHbIT 3agangar MmexaHuamaap
xasraapnargaxryn 6ereeq NB-uiiH 6uodunank
Tenesunr eepunimk, PML-TeBTa1 koHAeHcaUnH
reneXXUnTunr xypgacrax Hbe APL aMunnrasHuin
MOJEKYMbIH YHACOH MEXaHU3MbIH HAT I AYTHIB.
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