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1: KRAS-G12D ZEREFHKRIRIKRTF K KD2 L OHEEREE, (2) FEMKSAEE GTP (GppNHp) &
KRAS-GI12D ZEEKIZRTF FHEET 5 M+ ZETHIBICHAT 22 /0B RAAL UHAKRELEE
L. Open #D#EEIC/ ST & TRAF EDFEEZEET 5. (b) KD2 (&, KRAS-G12D FZEIZx L TKHF
N L THENICKREESZI AL THEMZEBR L TUL S, (Zhang et al, ACS Central Science 2021 & Y)
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This research program aimed at discovering non-standard (or pseudo-natural) macrocyclic peptides against various
protein targets, particularly those so-called “non-druggable”, and providing appropriate hits with high affinities in the range
from low nM to sub-nM. The program had two major components: (1) Assisting Projects; the discovery of macrocyclic
peptides against targets given by researchers who desire to tackle non-druggable targets of their interest, such as protein-
protein interaction (PPI) inhibition; and (2) Development Projects; semi-automation for the RaPID screening by means of a
two-armed human-like robot via a user-friendly program. In (1), Dr. Suga’s team conducted the RaPID screening of pseudo-
natural macrocyclic peptides against protein targets which was asked by researchers. This system has a prestigious history
of successes in discovering potent not only inhibitors against various extra- and intra-cellular targets, but also activators
(agonists) acting like natural ligand peptides toward membrane receptors. Particularly, so-called non-druggable targets, i.e.
those had been difficult to be targeted by small molecules, will be the priority choices of this program. He conducted 17
Assisting Projects regardless the disease areas from cancer to central nervous system. Among them, 13 projects were
successfully conducted, yielding desired macrocyclic peptides that antagonize or agonize the target proteins. In (2), despite
the fact that the RaPID system is extremely reliable and rapid to deliver hits against any targets, the screening (selection)
processes require technical demands and labors. This project aimed at updating a two-armed human-like robot, SENTAKun,
with a user-friendly program that enables us (or researchers) to run the RaPID system in a semi-automation manner. We
developed a program to conduct the RaPID system, which was more user-friendly with a better interface.

In this program, we also set up not only Japanese researchers but also foreign researchers, e.g. USA, Israel, and
Germany. One of the projects, the collaboration with Prof. Kevan Shokat afforded macrocyclic peptide inhibitors against
KRAS-G12D mutant. Since this mutation on KRAS is the predominant in cancer patients, the discovery of specific
inhibitors against this mutant has given great impact to the field of research. We revealed that the macrocycles specifically
inhibit the GTP-bound form of the KRAS-G12D mutant over the wild type KRAS (GDP-bound form dominant), resulting
in disruption of interaction with Rafl protein responsible to transduce the downstream signalling. We also solved the X-ray
structure of the ternary complex, KRAG-G12D/GppNHp with KD2, one of the potent inhibitors (Figure 1). Surprisingly,
KD2 induces drastic structural change of the complex, where the GTP binding site is opened to expose the GTP to solvent
and disrupt the interaction surface with Rafl protein. This work was published in ACS Central Science (Zhang et al, 2021).

In conclusion, many researchers had accessed to de novo pseudo-natural peptides generated by the RaPID system
against their proteins of interest and accelerated their research for basic/applied science and drug discovery. At the same

time, such outcomes have stimulated the “game changes” of drug development with significant economic impacts.
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Figure 1: (a) The ternary complex of KRAG-G12D/GppNHp with KD2. GppNHp is a non-hydrolyzed GTP analog that

binds to Mg2+. (b) The macrocycle inhibitor, KD2, interacts with the Asp12 residue on KRAS-G12D via a single water
molecule, resulting in tight binding with ICso of 12 uM.



