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HaR KUWwKa

MNpAaman Kuwka 3apHe - Bpbhkenka
npoxoaHoe (apTepum, BeHbl, HepBbl,
oTBepcTHe nuMmaTuieckue cocyas!)

PacnonoxeHune opraHos, y4acTBylOLWMX B nepe- Cxemartunyeckoe wusobpakeHue Cnoes CTEHKH

BapmnBaHmMn M BCacbiBaHUU XKenyaoyHo-KUWeYyHoro Tpakrta
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Puc. 1.11. 3k30unto3 u 3HAOUUTO3. Beepxy. BHYTpUKne-
TOYHaA Be3WKyna cnueaeTcA ¢ nunuagHbiM Gucnoem nnas-
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Puc. 18.1. Cxema XUAKOCTHbIX NPOCTPAHCTB OpPraHM3ma.
MpeacraBneHbl OKPYrneHHbIe 3HaYeHUA ANA YenoBeka Mac-
con 70 kr (no [8] ¢ uameHeHnamu)
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Erythropoietin Drugs Market Analysis By Drug Class (Biologics, Biosimilars),
By Product (Epoetin-alfa, Epoetin-beta, Darbepoetin-alfa, Others), By

Application, And Segment Forecasts, 2018 - 2025
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MyTaHT Ha JIBIKHE. Y 3TOr0 CIOPTCMEHA0JICHEBO/1Aa
JOIHUHI ObLJI B KPOBU

Ouer lllamoHaeB

[led ornena nHpopMaru

Dspo MsHTIOpaHTAa.

®doto wikiwand

Y ¢puHCcKOro JbiKHUKA 3P0 MAHTIOPAHTA OT POXKACHUS ObLIA rycTast
KPOBb — Pa/iy 10KAa3aTeJIbCTBA CBOCH YMCTOTHI OT IOIMUHIA
OH 3aCTaBMJI POWTH 00C/IeI0BAHMUE BeCh CBOM KJIAH.



['eMorioOMH y My>XK4rH 00bI4YHO cocTaBisieT 140-160
IrpaMMOB Ha JIUTP. Y MsHTIOpaHTa 3TOT MOKa3aTeb
Bceraa obu1 Beilie 200 equnuil (B /0-1eTHEM BO3pacTe
3TOT YPOBEHb paBHSJICA 236 ¢IMHUIIAM )

B 1993 rogy MsHTIOpaHTa gajl COrjIachue Ha FTEHETUYECKOE
MCCJICIOBAHUE — B TOM YMCJIE JJIS1 TOTO, YTOOBI
OYMCTUTHCS OT OOBUHEHUHN B JOoNUHTE. [ 'eHeTuKN
M3Y4UJIA HE TOJBKO CAMOTO BETEpPaHa cropTa, Ho v 97
YJICHOB €TI0 CEMEWHOro KjaHa, OOHApYKUB y 29 U3 HUX
TAKYIO0 K€ MYTAlUI0. ITO OTKJIOHEHUE
IPOBOIUPOBaATIOCH reHoM EPOR
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Pa3paboTka nepoparnbHoOu hopmMbl
MHcynuHa (eatable insulin)

pharmaceutics

pubs.acs.org/molecularpharmaceutics Article

Oral Coadministration of Zn-Insulin with p-Form Small Intestine-
Permeable Cyclic Peptide Enhances Its Blood Glucose-Lowering
Effect in Mice

Shingo Ito, Yuta Torii, Shoma Chikamatsu, Tomonori Harada, Shunsuke Yamaguchi, Seiryo Ogata,
Kayoko Sonoda, Tomohiko Wakayama, Takeshi Masuda, and Sumio Ohtsuki*

Cite This: Mol. Pharmaceutics 2021, 18, 1593—-1603 Read Online
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nature ARTICLES

chemical blology https://doi.org/10.1038/541589-022-00981-0

’ '.) Check for updates

Symmetric and asymmetric receptor conformation
continuum induced by a new insulin

Xiaochun Xiong'?"®, Alan Blakely ©2%, Jin Hwan Kim?, John G. Menting®#4, Ingmar B. Schafer®5,
Heidi L. Schubert?, Rahul Agrawal®, Theresia Gutmann®7”8°3, Carlie Delaine', Yi Wolf Zhang'?,
Gizem Olay Artik ®78°" Allanah Merriman'®, Debbie Eckert?, Michael C. Lawrence ©34,

Unal Coskun’®°", Simon J. Fisher®'4, Briony E. Forbes®, Helena Safavi-Hemami® 2125,
Christopher P. Hill ©22 and Danny Hung-Chieh Chou®"2X

Cone snail venoms contain a wide variety of bioactive peptides, including insulin-like molecules with distinct structural features,
binding modes and biochemical properties. Here, we report an active humanized cone snail venom insulin with an elongated A
chain and a truncated B chain, and use cryo-electron microscopy (cryo-EM) and protein engineering to elucidate its interactions
with the human insulin receptor (IR) ectodomain. We reveal how an extended A chain can compensate for deletion of B-chain
residues, which are essential for activity of human insulin but also compromise therapeutic utility by delaying dissolution from
the site of subcutaneous injection. This finding suggests approaches to developing improved therapeutic insulins. Curiously,
the receptor displays a continuum of conformations from the symmetric state to a highly asymmetric low-abundance structure
that displays coordination of a single humanized venom insulin using elements from both of the previously characterized site 1

and site 2 interactions.

Received: 6 May 2021; Accepted: 24 January 2022;
Published online: 14 March 2022




HoBble npenapaTbl MHCYNIMHA C U3MEHHHON
anvuHou A- u B- uenen

Deleted in DOI
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Human GIVEQCCTSICSLYQLENYCN FVNQHLCGSHLVEALYLVCGERGFFYTPKT
Zebrafish GIVEQCCHKPCSIFELQNYCN PGTPQHLCGSHLVDALYLVCGPTGFFYNP
1 5 10 15 20 1 5 10 15 20 25
A-chain elongation
1 I 1 1
Muf GETNIVSECCDKACTNEELKKYCGSLL# HPGTTAGATHICGSDVVPSLVNVCPS
Mu2 GETNIVSECCDKACTNEELKKYCGSLLD HPGTIPGATHICGSDVIPSLVNVCPS
La1 AQPNIVSECCEKGCTNEEFKHYCPSLL# DPDTTAGQNLILCGSELADYYQKVC
La2 NSQSIVSKCCENTCTHEEFMKYCPVQ DPDTTADINHI -CGPDVFVYFGKLCP#
K1 GIVEDCCYNDCTDEKLKEYCHTLO# SDSGTTLVRRRLCGSELVTYLGELCLGN
K2 VIVGDCCDNYCTDERLKGYCASLLGL DSATTPDRDRLCGSELMDYATKLCPSN
1 5 10 15 20 1 5 10 15 20
A chain B chain

hins GIVEQCCTSICSLYQLENYCN
DOl GIVEQCCTSICSLYQLENYCN

Vh-Ins-X GIVEQCCTSICSLYQLENYCX
1 5 10 15 20

FVNQHLCGSHLVEALYLVCGERGFFYTPKT
FVNQHLCGSHLVEALYLVCGER

FVNQHLCGSELVEALYLVCLER
1 5 10 15 20
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CtpoeHue nenTuporrivkaHa
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Gram- positive cell wall
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Gram-negative cell wall
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CxemaTnyeckoe CTpOeHUe KreToYHON CTEHKMU
rpaMmnonoXnTeribHbIX OaKTepumn:

1. MypewuH;

2. MNepunnasamaTn4yeckoe NPOCTPaHCTBO;

3. UnTonnaamatnyeckasa membpaHa.




bornbliaa YyacTb NaToreHHbIX OS5 YernoBeka
MWUKPOOPraHM3MoOB OTHOCUTCA K [pam +.
LLlecTb poooB [(pam + opraHn3moB
ABNAOTCA TUNUYHBIMW NaToreHamm
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[1Ba U3 HNX CTPENTOKOKKN U CTaPUNNOKOKKM
SBNSAOTCH KOKKaMu (LLapoodbpasHbiMU
bakTepuamu

OcTanbHble — Nano4ykoBUAHbIE N OENATCA
aarnee no BO3MOXHOCTW 00pa30BbIBaTb
CMNopk.l.
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Peptidoglycan of Peptidoglycan of
Gram negative cell wall Gram positive cell wall

Figure 6. Cell wall-degrading enzymes of L. reuteri LR1 (red)
(Figures 4 and 5 and Table 2).
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NpotusoMukpoGHbie cpeacTsq,
yrHetaiowme cuHre3 6eAKOB KATOYHOM CTeHKU BakTepumir:
NeHULUAAMHDBI, LedOAAOCTOPUHbI U BAOHKOMULIUH
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NNEKAPCTBEHHbIE CPELCTBA

+ WHIMBUTOPbI ®PEPMEHTOB (BEJIKOBbIE,
ONMUIroNENTUOHbIE, HU3KOMOJEKYNAPHbDIE)

MHAKTUBATOPbI ®PEPMEHTOB (HEOBPATUMbBIE
WHITIMBUTOPbBLI N BITOKATOPbI 3Q®®EKTOPOB)

ATOHUCTBbI,AHTOITOHUCTbI U BITOKATOPBDI
PELIENMTOPOB

AHTUMUKPOBHDIE NMPENAPATDI
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XUMOTPUTICHH  KPHCTAANUUCCKUH
Xumorncuy
Teppuanrun

Pubonykaeasa . . . .

. JlesokenpuboHykieasa

PepmMeHTHDLIE NpenapaTl # HHTUHOUTOPH! PEPMEHTOB . .

a) DepmenTHble ApeEnapaThi, NPHMEHACMDLIC MPEHMYLICCTBCHHO [IPH
FHOHHO-HEKPOTHUECKHX npoueccax . . . . . . . .

7. Kossarenasa
8. Acnepasa

9. Jlwsoamumasa
10.- ITpodesnm

11. Kapunasuu
12. Jlekosum

6) ®epmeHTHLE npenapathl, yaydwaiiie HPOIeCehl NULEeBAPECHHs

[Tetcuu S a e w w
COK KCJY/IOMHBIH  HATYPAJbHbBIH
Mencuana

AGomuu

Ilarkpearun

Opasa

Conuzum

Comuiraza

9. Hurenasa ;
10. Tlauzunopm opre
11. INauxkypmeH

12. ®dectan . . . .
13. Jlurecran

i4. 3usucran . .

15. Mesum ¢opTe

B) Pasuble depMeHTHLIC upcnaparbt . .

Jlunasa

Pouwaaza . . . . .
r) HuarubuTopn nporeosusa

awTpunuu
Hururpus

3. Llntoxpom C
4. lennnunianuasa

3. Konrpukadn
4. Topnokc
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depMeHTbIl, KOPEPMEHTHI U
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