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Abstract: 

In the clinical medicine. insulin is used as an injected therapeutic agent for U1e 
treatme1;t of diabetes. therefore is very critical for the relative thc.rapeuUcs. The present 
insulin preparations ha"e. however, had some significant disadvanta~es and L'le supply of 
insulin in the markel. of China is very short. Obviously it is si~nificant Li:> explore some 
new therapeutic agents with certain attractive properties (e.g. prolon~ed action, hi~h 
stability and super potency, low tmmunogenicity etc.) for improvin~ the clinic.:'11 use. for 
Uu:se scientific goals it is central to understand the structural mechanism of such new 
molecular nehaviors. namely the relationship between structure nncl new properties. 

The main task of our research project is, by using X-ray crystal structural analysis. to 
cietermine the three-dimensional structures of a series of insulin mutant prepared by 
protein engineering and partly by semisynthesis ar.d possessed some desirable properties 
related lo prolonged-biological action. high potency or highly chernicai stahill~y. On basis 
of tl1ese. the structure mechanism of these new features will be cltir.idnte. Furthcrmor~. 
the rational molecular design and molecular modeJing for the more effcr.Uve prolonp;ed-
aclln~ and htghiy stable or potent Insulin derivati\'es w!ll be lnvestij!,ated. The results will 
provide new idea and infommtion to the insulin engineerin~ which may benefit U1e 
medical practice related to diabetes. The invesur;alion will also ~ivc U1c chance to gain 
new inslv;ht into the structure-function rdaUonsh'ip of insulin, especially th<: new features 
of insulin ar. an allosteric protein. 
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Part 2 

11 I I I 

OBJECTIVES/METHODOLOGY 
(Proposed at the time of the submission of the research proposal) 

The set objt•ctives of this project Include the followt..ng point: 

1) Detenninin~ X-ray c1yslal structures of 5-7 Insulin mutants and derivatives 
which are 1n-cparcci hy protein en~ineering or semi-synthesis and possessed certain 
attractive propei-lit'~-

2} On ba!'is of the comparisons between the detennined three-dimensional 
structures of in!'ulin mutants and that of the native insulin. elucidating the st.Juctural 
mechanism of •he prolon~ed action and other engineered properties of mutants and 
prm.;ding new idea and infonnation lo further insulin engineering_ 

3) Gainin~ 11t•w insi~hl into the st..n.Jcture-function relationship of Insulin. especially 
the new allosteric prcpertit•s of insulin_ 

The main methods for the inv~stigntion is X-ray Cl}'Stal structure analysis and 
mokcular moddin~ with lhe k~iowledge of the structural similarity, which include the 
followin~ main rnl'I hodolngical steps: 

l _ Ciy.stallization ol insulin muL'Ulls: ~ith various techniques {e.g. setting drop. 
vapor diffusion etc.) to make single crystals large· enough (>0.5 mm) foi th~ X·ray 
diffraction analysi~. 

2. Diffraction data collection: using four-circle diffractomelor. or rotation camera. 
area detector in our i11st1111te to collect the X-ray diffraction data at medium resolution. 
and also planni11~ lo 11~e the X-ray source of synchrotron at the !'lation_al Laboratory for 
Hi!!h EnerK\' Phv~:ic~ of .L.pan to collect the data at high 1-esolution. 

3_ Stnwt11ral an:1l~·sis ;rnd model buildin~: mainly using the molecular replacem~nl 
anc1 diffcn·nce F1irit'.s nwlhods lo solve tht! phase problem and build the initial modci: 
then to refine the :-;tnir.tural 'llOdcl by m~ans of restrained least square procedure 
pro~rammcd in EHEF (.jack and Levity) or PROLSQ/PROTIN (W_ Hendrckson). or X
l'LOEHE_ All mock! trnildinJ!; will be done on the Graphics PS330 or Silicon Computer 
Graphics_ 

4. Slrn<"lllrt' comparison anct molecular modeling: Using 1e3sl square procedure 
(MODELFIT) tlw ~-D ~tnirltm's of various insulin mutanLc; will coniµ?.t.!r witl1 that of the 
native insulin. which wil! provide information about the relationship between the 
structures and new properties of insulin. mutants so as lo gain Insight into the 
understand in~ of sin wt ural nwc:hanism of prolonged action, high potency. stability etc_ 
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RESULTS 
(comoare ualn8t the set objectives) 

In comparlson wiU1 the set objectives (See pa~e 2). the main results we have 
obtained can be summarized as following: 

(1) Ciystallograpblc system of lnsulln mutants: The X-my crystal structures of 10 
insulin mutants a.r\d derlvalives with various attractive properties as shown In Tabl I 
have been determined at different resolution. Including three of prolonged-acting insulin. 
two of high potent Insulin. three of highly stable insulin. one of low anugentc insulin anJ 
one of structural significant -mutant. Besides. further 4 structures, Including 2 with fast 
absorption. I with super-activity and I with structurn! significan-:e. are sUll In progress. 
On basis of these. a crystallographic system of insulin mutants with certain attractive 
properties has been established in the framework of this project. The details of this 
~ystem are shown in Table 1. 

TABLE 1 Crystallographic System of Insulin Mutants 
With Various PTOperties 

Property 

Long Action 

Fast Absorption 

Super-Activity 

High Stability 

Low Antigenicity 

Structure Significant 

Mutant 

+B3I-Arg 
+B3 I-J.ys-NH2 
AsnA21Ser
ThrB27Arg
B301br-NH2 

SerB9-+Asp 
SerB9-~Glu 

A.c;nB3-+Lys 
PheB25-+Tyr 
AsnA2 I -+Ala 

AsnA21-+Ser 
AsnA2 l -+G ly 

AsnA21-+Asp 

l11rB30-+G ly 

GlyBSSer-GiuB I 3Gln 

GlyB20-+Gln 

Results 

2.0A Structure 
2.0A Structure 
2. IA Structure 

I.BA Data 
Cryslalli7.alion 

2. IA structure 
2A stn1clnre 
2A Data 

I .SA Structure 
I .SA Structure 
(1.3A Data) 
l .8A Structure 

1.6A Structure 

2. IA Structure 
l.6A Data 
2.0A Data 

(2) Prolonged-acting Insulin: The structural basis of U1e prolonged action of 
Insulin have been elucidated through the X-ray structural analysis of three Insulin 
mutants. including B31Arg-human Insulin (BAHi). 831 Lys-human Insulin (BLHI) and 
AsnA21Scr-ThrB27Arg-B30Thr-NH2-human insulin (ASBABN-HI) which provide a 
prlnclple for designing the new type of long~acting insulin. 

The refined structures of BAHi, BLHI and ASOABN-HI shown a common striking 
structural feature that an addiUonal Ionic bond or hydrogen bond was formed between 
the mutant residues ArgB31 (In BAHi) or LysB31 (In BLHI) or ArgB27 (In ASBABN-HQ and 
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the target residue G!uB21 of the neighbor molecules. TI1ereby. tbrce addlUonal 
lntennonomertc contacts appeared on the surface of the m:.atant hexnmer as shown In Fig. 
I, which should slow done the dlssoclatlon rate of the hexamers when they were Injected 
into the body. Therefore. U1c property of protraction for these mutants could be produced 
by a "depot effect·. The results obtained here have been used in protein en~ineering of 
Insulin as a principle ;or searching the new Insulin preparation. 

(3} High potent Insulin: The crystal structures of two insulin mutants with hi~h 
biological potency. includin~ AsnB3Lys-lnsulln (~itll 1800A> of insulin potency} and 
PheB25Tyr-insulin (wiU1 1600k of Insulin potency). have been detem1ined. Besides. tlle 
structure of another one, AsnA21Ala-insullra (with 140% of Insulin potency) ls In progress. 
Results observed here revealed that the potency in Vitro Is relaled to U1e binding of Insulin 
with its receptor. The substitution of PheB25 by Tyr may extend tlle area of hydrophobic 
interaction and produce a new polar contact provided by U1e aromatic ring and OH group 
of Tyr. The Lys a! 83 may provide an addltlonal !onic interaction for U1e binding. The 
lnhencemeant of !he biolo~ical potency can be attributed lo U1e strengiliening of 
interactions between nmlanl moler:uies and receptor. On basis of this some mutant 
position and residues can lJe suggested to the rational molecular desi~n searching for the 
new high potent insulin. 

(4) High stable Insulin: X-ray cry:stal struc~ures of three insulin mutant witJ1 high 
stability. includin~ SerA2 l Gly-. AsnA21Ser- and AsnA2 lAsp-human insulin have been 
determined all al l .8A resolution. The main structural infonnalion from these Ulrce 
mutants can be summarized as: a) The enhancement of the chemical stability in the 
mutants are just caused by the elimination of Ule chemically unstable side-chain -CO
NH2 of A21Asn through substitutions by Gly. Ser and Asp. bl In compression with wild 
molecule. U1e potencies of the mutants are reduced in a ccrt.:1in degree (lo 0.7-0.8 in FFC 
assay and to 0.8-0.9 in MBG assay). It indicates that the cha.-acteristic of the side-chain 
at the residue A2 l is closely related to Ule perfonnnnce of U1e biological activities. 
Considering the sensitivity of this position. one may meet a certain substitution which 
could enhance the potency of tJ1e molecule. The high potent mutant AsnA21Ala-human 
insulin is obtained just from this Idea. c) The A21Asn Is an invariant. residue in all species 
of insulin kraO\'-,l today. The structures of three A2 l mutants revealed that the 
signific.ancc of this residue is mainly structural. Especially Ule hydrogen bor.d of A2 l-NH 
... OC-023 may pi<iy a very impotent. rule in retaining U1c unique cunfonnatlu11 of B20-B23 
!Hum. Tht>se results will rnntribute lo the further engineering of Insulin for tl1c 
praclirally useful 111t1t;mts. 

(5) New structural type of Insulin allosteric lntennedlate observed In some 
mutants: It has been a Ion~ time lo know insulin as a polypeptide hormone and as a 
phammceutical preparation. However, some recent findin~s from X-ray stmclurnl 
analysis revealed that the ins111in hexamer is an allosteric protein which arc c.xlendin~ U1e 
status of insulin as a classical fundamentally intcresUn~ protein. In our X-ray structural 
analysis of A2 l Ser- and A2 l S-B27R-B30NH2- human insulin. two new types of insulin 
allostcric structcrc were ohsc1ved, which were considered as new forms of insulin 
allostertc lntennedlalc and designated as 2Zn-T3R1 and Zn-frce-T3R1 structures, as shown 
In Fig.2 and 3. Our results lnclictatcd tlmt the allostertc Intermediate structure of Insulin 
hexamcr possesses the diversity In boU1 Ulc pattern of oligomcric orj!;ani:1.ation and the 
types of lncJucinJ,! <"ff eel. These· ohservatives wl11 ~ain fnsl~ht into tJ1e structure-function 
rclaUonshlp. 

More detaJls about. U1e results summar1zed above can he _gained from the three 
Annual Report for 1991-1992. 1992-1993 and 1993-1994. 
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Fig.I Sbucture of a Protonged-Adlng lmubn Arg831 Humr.n Insulin (ABHJ} -
(1) Two successive IHums formed by the aegment 827-831 of MoL and the 
aunoundlng of Arg-831. (2) Surrounding of Arg-831 In Mol.11. (3) Space-ftlllng 
modeJ of AND dimer. A chrJns In both Moll and ll are colored In green and the B 
chains ofMoLI and II are c:olon:d In purple and yellow. respecUvdy. An Ionic pair 
i>rmed by Arg-831 (color«! In blue of Moll and Glu-821 (colored In red) of Molli 
.. h.lghllghted on the dimer surface. (4) Space-fllllng model of ABHI hexamer. The 
Moll and II .ve colored In purple and gn:en, respecUvely and the three Ionic IJnka 
bmed by A"C·BSI (In blue} of Moll and Glu-821 (Inn :ed) of Mol.D are 
highlighted or. !he he:xamer •urface which •hould function IJke three "Jocks• so as 
to strengthen Ch~ slabdlly of the ollgomer. 
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Electron density maps around the residue .Arg-831. (I) (P'o-Fc) dl&ralce Fourter ma1>9 of (a) 
Mol.I; (b) MoJ.11. (2) (2Fo-Fc) maps omlUed residua 829-831 In the calculaUon for (a) Mol.I 
(labeled In 229-231); (b) MoJ.11 (labeled In 429-431). (3) (2Fo-Fe) map In the area of Arg-831 
of Mol.I showtng lhe contact between Arg-831 (labeled In 231) of Moll and Clu·B21 
(Labeled In 421) of Mot.II In an Ionic link distance. 
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Fic.2· Dioxane-induced 2Zn-T3R3. structure (a) and DMF-induced Zn-free
T3R3 structure (b) of insulin allosteric intermediate. Trimers T3 composed of 
Molecules 1 (left) and R3 composed of Molecules 2 (right) arc separately 
showing with 8-chains alone. Only those side-chains related to the 
association are represented. Three dioxane and DMF molecules are shown in 
yellow as skeleton drawing. 
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Fli:.3 · 1,4-cHoxanc and DMF molecules 111 cfTccton rnr lnduclna 2Zn·T,R, and Zn-rrec-T,R, lln.icturc and 111 binding pockc11 on the hcxamcr surf1cc or 
Al IS al\d ,\l lS·Bl7R·BJONHi. (a) and (b) show sections of b.F Fourier map (contour lC\-els beginning at 5o) indicating definitely cxlstencc:i or l,4-dioxane 
in A21S (a) and DMF in A21S·B27R-830NH: (b). The whole A21S hexamer \\ith three dlosane molecules (in space·filllng dra\\ing) nnd A21S·B27R· 
830Nff: "ith three DMF molecules (in space filling dra\\ing) are shown in (c) and (d) respcctl\'el~·. which clearly indicate the locations or etrcc:1or blndlns 
pockets. The details ple11sc !ICC the texl. 

.. 
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Wo:rk plan and time schedule 
.,___·_· .. _:·,.,_'. ·'·-·.•Y_,_._ .. __ .. , .. _.·'_X_ .. ______ ... _,~·-:•{o_ ... ltgmally envisaged)···· 

The period of the projecl will last for three years and the general work plan Is listed 
as follows: 

Isl Year Crystallization 01 a series of insulin nmt.2.nts and preliminary X-!Cly 
crystallogmphic analysis; Partial X-ray data collecUon. 

2r:.d Year Collection of the X-ray data for 3-5 mutant~ al medium and partly al hi~t. 
resolution. Solving the phase problem and building the initial slluclural modd 
for 2-3 mutants. · 

3rd Year Completing tl1e structural determination of 5 Insulin derivatives, as well as tl1e 
structural comparison between the muwnts and the native insulin so as lo 
understand the structural mechanism of prolonged c:iction and other properties: 
Data collection for .;:,ome more mut.mts. 

- 4 -



---------------~ -------

Part 3 

Work Ian and time schedule 
(actual) 

iProJcct landmarks. duration of individual tasks (use bar charts): evaluation criteria (publications. 
patents. services. tra.inin:!) 

1991-1992. 1st Year 
Cryslalli7..ation: 3 prolonged-acting HI (B31Arg-. 831-Lys- and 1\21Ser-B27Aq~

B30NH2-HI): 
3 high stable HI (A21Ser-. A21Gly-. A21Asp-HI): 
1 low antlgenieity Hi (B30Gly HI). 

Data Collection: 7 samples described above at U1e resolution 2.5A. I.SA and I.5A. 
Structure: 1 structure was determined: B31Ar~ HI at 2.0A resolution. 
Publication: 7 papers (see Annual Report (1991-1992) in details). 

1992-1993. 2nd Year 
Crystallization: 2 high potent HI (B3Lys- and A21Ala-HI); 

2 structural significant HI (B8Ser-Dl3Gln HI and GlyB20Gln HI). 
Structure: 4 structure were determined: 

A21Gly-Hl at I.SA resolution. 
A2 l Ser-HI at l .8A resolution. 
A21Asp-Hl at I.BA resolution. 
A21Ser-B27Arg-R30NH2-HI at 2. lA resolution. 

Publication: 7 papers (see Annual Report (I 992--1993) in di>tails). 

1993-1994. 3rd Year 
Crystallization: 1 high potent HI (B25Tyr-HI); 

2 fast absorption HI (B9Asp-HI and BDGI11-HJ}. 
Data Collection: 7 samples crystallized in 1992-1994. 
Structure: 5 structure were detem1ined: 

631 Lys-HI at 2.0A resolution 
B30Gly-HI al l .6A resolution 
B3Lys-Hl at 2. IA resolution 
B251)T-HI at 2.0A resolution 
B8Scr-Bl3Gln-HI al 2. lA resolution 

Publication: 5 papers (see Annual Report (1993-1994) in ciclails). 
• HI: Human Insulin 

e 7 a a 0r;,:,.11. mri911111 
u 

5 !I 

(/) • 
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Year Year 

The Determined Structures and the Crystalll7..eed Mulants of Insulin During 1991-1994. 
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• 
·· !!!1.l!ORKING 

~ 
We have collaborated with U1e Novo Institute {Or. Jan Markusser} of Novo-Nordisk 

AG al Denmark-· and the shanghai lnsutule of Biochemistry (Dr. Feng Youmin} for the 
design and preparation of insulin mutants. 

PUBLir.ATIONS 

Ill Crystal Structure Analysis of Human Insulin Mutant al High Resolution: Data Colkclion. 
Photon Factory Acting Report. National Laboratory for High Energy Physics. pp.87. Japan. 1991. 

(2) Preliminary Crystallography Study on GlyB30-J-tuman Insulin. an Analogue with Low 
Antigenicity, Chinese &ience £311Uetin. 37, 680-683. 1992 

(31 Crystallographic Study on Hi::!hly Stable Human Insulin (I): A21-Ser Mutant, Chinese Science 
Bulletin, 37, 1390-1393. 1992 

(4) Crystallographic Study on Highly Stable Human Insulin (ll):Prellmlnary X-ray Analysis of A21-
Gly Mutant, Chtnese Sctence Bulfetin, 37. 1302-1305, 19!)2 

(5) Crystallographic Study on Highly Stable Human Insulin (Ill). Preliminary X-ray Analysts of A21-
A.c;p Mutant. Acta Biophysica Sinica. 8, 76-79, 1992. 

(6) Cryst.al St.nteture Analysis of I luman lneulln Mutant at hJgh RcsoluUon. Photon Factory Acting 
RepntJ: , Nauonal Laboratory for High ~eqi:y Physics, pp87, Japan, 1992 
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PUBUCATIONS 

171 Crystal Structure of 4-Zn Bovine Insulin al L9 A Resolution. Science in 01ina. 2216). 541-549 
(1992) 

181 Studies on Prolonged-Aeling Insulin: Rational Molecular Dcsi~n. Acta Bioplu1sics Sinica. !! (4). 
601-609 ( 1992). 

19) Structural Basis of Prolonged Action of Insulin. High Ted1noloqy_ Lcttrrs. ~- 8-1 l ( 1992). 

I IOI X-ray Crystal Structure of Arg-831 Human Insulin al 2.0 A Resolution. Science in 01ina. 23 
(3). 263-273 (1993). 

1111 Crystal Structure Analysis of A21-Asp Human Insulin Mutant al 2.4 A Resolution. Acta 
Biopl111sics Sinica. ~(I). 20-25 (1993). 

1121 Studies ""n Crystal Struclur-e of A21-Gly Human Insu:in Mutant al 2.6 A ResoluUon. Acta 
Bioeltimica ct Biopl111sim Sinin~. 25 (3). 223-229 (l 993). 

(13)A New Structure l)rpe ofT3H:~ Insulin Hexamer Observed in a Mutant A21Ser-Human Insulin. 

Peptide: Biol0<111 and Chemistn1. Ed. Y.C. Du and J.P.Tam. ESCOM. 1993. pp241-24" .. 

( 14) l\vo Types of Confonnalional lntem1rdiate of Insulin hexamer. Invited Lecture. S11m~1sium on 
Insulin Stmcture and Function. Copenhagen. 18-?.3 May. 1993 . 

. 1151 Molecular Design and Target Sample Preparation .for a Prolongcd-acung Insulin. Olinese 
Journal o(Biotechnologr1. 1994. IO (2): 142-150. 

( 16) ll1e Divasily of Insulin Allosleric lntenuediate Observed in Some Mutants. Proceeding of the 
First Asian S11mposium on Biopl111sics. May 16-20. 1994 Hyogo. Japan. pp. 129. 

( 171 Engineer-ed Insulin: From Molecular Design to X-ray Analysis. Invited Lecture. Workshops on 
Structurai Biopl111sics. May 19-:W. 1994 Harima. Japan. pp. 20. 

(181 Insulin Protein Engineering. Invited Lecture. China-European Commission Workshop on Protein 
Engineeririq. 22-27 Aug. 1994. Beijing. pp. 179. 

( 191 Cryslallo,!!raphic Studies on IA21Ser-027Arg-B30Thr-NH21-Hurr:an Insulin. Chinese Science 
Bulletin. 1994 (Accepted). 
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Part 4 
• 

STATEMENT OF EXPENDITURES 

To be filled by ICGEB To be filled by the Affiliated Center 

Budgets as (!Cr original (!TO(!OSal Summuy cf expenditures• 
1) Capital equipment USS I) Capital equipment US$ 60.469_30 

--------- ---- -------------
2) consumable US$ 2) consumable US$ 10.450_00 --------·---- -------------
3) training US$ 3) trainin~ US$ 2.500_00 

------------- -------------
4) literature USS 4) 1ilerature US$ 527.00 ------------- - --- -- - - - - - - -
5) miscellaneous US$ 5) miscellaneous US$ 10.832.80 ------------· - - - - - - ------ -

TOTAL GRANT US$ TOTAL US$_~~?!~:~Q--------------

Please itemize the followinl! budl!ct catel!ories (if applicable) 
Capital equipment 

1. Wild Kombistereo Microscope (Swil7.erland) 
2. TCF2A Micro-Channel System 
3. Incubator ABMI (USA) 
4. Computer-Graphics System (SGI 4D/30G+) 
5. SGI Disk Drive 

US$ 
US$ 
US$ 
US$ 
USS 

11.162.00 
6,030.00 
3.377.00 

33.951.00 
5.94!).30 

Training (provide names, duration of training, host laboratory) 

Zhan~ Yin~ 15 Au~- - I~ Sep. 1993 
Syner~ lnkrnational" center (Hon~ Kon~ 
for SGI Computer and Graphics Technique Training. 

Literature 

for "C11rn!11I Opinion in Sln1f'l11rnl Biolo~v" I !)!)2-1 !l!M 

•Please ~o not scnrt Invoices. rccclpls ctr.: U1csc should be kept Ly the Amllalt!d Cent.er for future reference and sent 
to t...:GEB upon reqt1<'-'•I. 

•• C".JCccpl for lnvolr.ci; Chai arc rcqulrccl 111 rormrrllon wllh parn~mph !;, of lh<" Conlrnrt. 
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